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Public health decision making can be a complicated pro-
cess because of the complex nature of inputs and the
need for group decision making. Nevertheless, public health
research and practice during the last century gained many
notable achievements and contributed to the 30-year gain
in life expectancy. Despite these accomplishments, a greater
attention to evidence-based approaches may be helpful. In
its most straightforward definition, evidence-based public
health (EBPH) means applying the principles of evidence-
based medicine (EBM) to the field of public health [1].
However, the randomized clinical trials—the gold standard
in EBM—are not always applicable in investigating public
health problems. Key components of a broader definition
of EBPH include making decisions on the basis of the best
available scientific evidence by using sound data collection
and research methods while engaging with the affected
community in decisionmaking. An evidence-based approach
to public health could potentially have numerous direct and
indirect benefits, including access tomore and higher-quality
information on best practice, a higher likelihood of successful
prevention programs and policies, greater workforce produc-
tivity, and more efficient use of public and private resources.

In this special issue we collect several contributions to
the emerging field of evidence-based public health, covering
different aspects of the EBPH policy cycle, that is, from
evidence generation and evidence synthesis to evidence

communication and policy recommendation [2]. We are
particularly delighted about the broad geographical coverage
and methodological range of the included paper.The utilized
methodology ranges from randomized controlled trial (RCT)
to simulation studies with observational studies still being
the most popular research design. The study titled “Worksite
Tobacco Prevention: A Randomized, Controlled Trial of
Adoption, Dissemination Strategies, and Aggregated Health-
Related Outcomes across Companies” by V. Friedrich et al.
conducted an RCT to compare various approaches to work-
site tobacco prevention. An instructive finding of this study
is that special attention must be paid to the dissemination
of findings if adoption of proven public health measure
should increase. Similarly, the article “Strong Public Health
Recommendations from Weak Evidence? Lessons Learned
in Developing Guidance on the Public Health Management
of Meningococcal Disease” by G. Hanquet et al. shows the
necessity to be transparent about the quality of the underlying
evidence when giving policy recommendations.

Systematic reviews and meta-analysis are a workhorse of
evidence-based medicine and two studies in our special issue
demonstrate clearly that this is also the case for evidence-
based public health. G. A. Kelley et al. conducted a sys-
tematic review titled “Exercise and BMI in Overweight and
Obese Children and Adolescents: A Systematic Review and
Trial Sequential Meta-Analysis” utilizing a trial sequential
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meta-analysis approach. This approach combines conven-
tional meta-analysis methodology withmeta-analytic sample
size considerations; inferences derived from thismethodmay
potentially improve reliability of estimates. The systematic
review “Sexual Risk Behaviors andHIV Infection amongMen
Who Have Sex with Men and Women in China: Evidence
from a Systematic Review andMeta-Analysis” by H.-Y.Wang
et al. sheds light on potential transmission mechanism of
HIV/AIDS in China, indicating that more emphasis must be
put on prevention measures for men who have sex with men
and women.

A crucial, but at times overlooked, factor for a successful
public health policy is the availability of trainedmedical staff.
In our special issue two articles study this important topic.
Interestingly enough, both are from Sub-Saharan Africa, a
region that constantly faces the challenge of brain drain, that
is, the outmigration of well-trained individuals. The study
from Ethiopia titled “The Prevalence of Skilled Birth Atten-
dant Utilization and Its Correlates in North West Ethiopia”
by M. Alemayehu and W. Mekonnen looks at the prevalence
of skilled birth attendants demonstrating that both social
and technical factors must be addressed if this prevalence
should be improved in the future. The study titled “Working
Atmosphere and Job Satisfaction of Health Care Staff in
Kenya: An Exploratory Study” by K. Goetz et al. investigates
the factors that influence job satisfaction for health careworks
in Kenya. Clearly, improving job satisfaction may prove to be
a very cost-effective tool in increasing retention rates among
health care staff in Africa.

The contribution “Intervention Mapping to Adapt Evi-
dence-Based Interventions for Use in Practice: Increasing
Mammography among African American Women” by L.
Highfield et al. uses the topic of mammography among
African American women to demonstrate the use of inter-
vention mapping as a tool for a systematic planning process.
Their use of a simplified framework (IM Adapt) allowed
adapting and implementing an evidence-based intervention
to help underserved African American women to keep
appointments formammography screening. A separate paper
titled “Evaluation of the Effectiveness and Implementation of
an Adapted Evidence-BasedMammography Intervention for
African American Women” by L. Highfield et al. evaluated
the effectiveness of the identified intervention and added
evidence to the finding that sequentially measuring efficacy
and effectiveness of an evidence-based intervention, followed
by implementation, may be missing important contextual
information.

A paper from Croatia titled “Perinatal Health Statistics
as the Basis for Perinatal Quality Assessment in Croatia”
by U. Rodin et al. describes how the national perinatal
health audit improved after introducing reporting criteria
as recommended by WHO and PERISTAT. This database
now allows comparison in perinatal outcome with other
countries and targeting areas of improvement in a more
evidence-based fashion.The contribution “Health Impacts of
Increased Physical Activity from Changes in Transportation
Infrastructure: Quantitative Estimates for Three Commu-
nities” by T. J. Mansfield and J. M. Gibson utilizes the
approach of quantitative health impact assessment to assess

the implications of increased physical activity from changes
in transportation infrastructure. To this end they use a simu-
lation tool (DYNAMO-HIA) that was specifically developed
for such applications.

AnAustralian paper titled “Public Concern about the Sale
of High-Caffeine Drinks to Children 12 Years or Younger:
An Australian Regulatory Perspective” by C. M. Pollard
et al. presents a study connected to the epidemiology of
caffeine intake. Usually this is attributedmostly to coffee con-
sumption. However, this paper demonstrates that growing
concerns regarding the consumption of caffeinated beverages
such as energy drinks by children and adolescents exist in
communities in Western Australia, in particular by females
and those living with children. These concerns increase with
age. The final paper of this special issue titled “Smoke-Free
Workplaces Are Associated with Protection from Second-
Hand Smoke at Homes in Nigeria: Evidence for Population-
Level Decisions” by D. Kaleta et al. aims to support decision
making at the population level. These authors find evidence
that smoke-free workplaces have the important additional
effect of stimulating smoke-free homes in Nigeria and in turn
reduce second hand smoking exposure of children.

In summary such collection of papers covering different
issues relevant to EBPH will provide evidence for decision
makers and will contribute to the development of this field.
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Objectives. To understand the current risk of HIV infection and transmission and further elucidate the underlying risk factors
among men who have sex with men and women (MSMW) in China. Methods. Following PRISMA guidelines, we conducted a
systematic review andmeta-analysis of searching through Chinese and English available literature databases between January 2000
and June 2014 to identify articles. Results.Thirty-six articles (including 19,730MSMWand 53,536MSMO)met the selection criteria
and the aggregated results found that MSMW have significantly higher HIV prevalence than MSMO (6.6% versus 5.4%, OR = 1.27,
95% CI = 1.01–1.58). A higher proportion of MSMW had commercial male partners in the past 6 months (18.3% versus 12.2%, OR
= 1.56, 95% CI = 1.01–2.42). Additionally, substance use in the past 6 months was significantly more frequent among MSMW than
MSMO (alcohol use: 27.1% versus 13.1%, OR = 2.53, 95% CI = 2.14–2.99; illicit drug use: 5.3% versus 2.5%, OR = 2.09, 95% CI =
1.48–2.95). Conclusion. A higher proportion of commercial sex and substance use among MSMW may be a potentially indicative
factor for significantly higherHIVprevalence compared toMSMO.Targeted interventions should aim at increasing the frequency of
HIV/STIs screening and preventing high risk commercial sex and substance use amongMSMWto decrease their HIV transmission
to the general population.

1. Introduction

Menwhohave sexwithmen (MSM) are considered as a group
of high risk for HIV infection in many countries. According
to The Joint United Nations Programme on HIV and AIDS
(UNAIDS), the prevalence of HIV infection among MSM in
capital cities from nearly 80 countries is on average 13 times
higher than that of general populations in these countries
[1]. This disparity is also prominent in China; a recent meta-
analysis reported that almost 6.5% of MSM were living with
HIV [2], which was more than 100 times higher than that in

the general population (0.058%) [3].The latest national report
revealed that the proportion of newly diagnosed HIV cases
due to male homosexual contact has increased from 12.2% in
2007 to 23.4% in 2014 [4, 5].

Homosexuality is still highly discriminated against in
China, which partly results in bisexual behavior becoming
one of the biggest obstacles in implementing HIV/AIDS
prevention and control interventions among MSM [6, 7].
Additionally, marriage is a family obligation of Chinese tra-
ditional culture, which prompts over 80% ofMSM eventually
getting married to female to hide their real sexual identity
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and/or carry on family name [8, 9]. Only one in ten MSMW
discloses homosexuality to their female partners [10, 11], and
unprotected sexual behaviors with female sex partners were
prevalent among MSMW [12], which may bridge HIV from
the MSM population to the general population.

Previous studies have estimated peraction transmission
probability of HIV during anal or vaginal sex among MSM
[13, 14]. Clear understanding of the relative risk may help
inform MSM of the potential risk which may in turn render
them to avoid high risk sexual behaviors, especially among
those who make condom use decisions based on penetrative
sex type and role in anal sex (receptive or insertive anal sex)
and self-reported HIV status of partner. However, until now
little literature had vigorously compared the relative risk of
HIV infection among MSMW, based on all available data in
China.

Existing studies had contradictory findings on the relative
risk of HIV infection comparing MSMW and MSMO in
China. A recent published national cross-sectional survey of
47,231 MSM from 61 cities in China indicated that MSMW
have a lower HIV prevalence thanMSMO [15]. However, this
conclusion is contradictory to a previousmeta-analysis study,
which found thatMSMWinChina have a significantly higher
HIV prevalence than MSMO [16]. Until now, no new studies
indicated whether or not Chinese MSMW really have higher
risk of HIV infection than MSMO. An explicit assessment of
the risk of HIV infection in MSMW populations is useful for
understanding the dynamic of national HIV epidemic among
MSM and developing targeted interventions. Additionally,
many new researches on bisexual behavior ofMSMhave been
published in recent years. As such, we also include the latest
extensive literature in order to gain a more comprehensive
and current understanding of national HIV epidemic among
MSM in China. Besides, previous meta-analysis on bisexual
behavior amongMSM in China failed to explore the underly-
ing differences inHIV-related behavioral risk factors between
MSMW and MSMO, which are essential to contextualize
behavioral interventions of high risk subpopulations among
MSM in China. Therefore, we conducted this systematic
review and meta-analysis to compare the disparities in
HIV prevalence between MSMW and MSMO and examine
behavioral factors underlying the disparities. Three research
questions were addressed: (1) do MSMW in China have
significantly higher HIV prevalence than MSMO; (2) what
are the differences between risk behavioral factors of MSMW
and MSMO in China; (3) do MSMW engage in more risk
sexual behaviors in different proportions than MSMO that
might help to explain the differences in the effect size for HIV
prevalence?

2. Methods

2.1. Literature Search. This systematic review and meta-
analysis adheres to the PRISMA guidelines [17, 18]; compre-
hensive literature search was conducted using the following
databases for literature published between January 2000 and
June 2014 to identify articles: PubMed, Web of Knowledge,
Google Scholar, Chinese National Knowledge Infrastructure,
VIP, and Wanfang Data. In addition, the reference lists

of pertinent articles were examined for additional relevant
studies. The combinations of search terms include “bisexual
behavior,” “bisexual men,” “MSMW,” “men who have sex
with men and women,” “BBM,” “behaviorally bisexual men,”
“MSM,” “men who have sex with men,” “homosexual men,”
“gay,” “MSMO,” “men who have sex with men only,” “HIV”
and “risk behaviors,” “risk factor,” “unprotected sex,” and
“condom use.”

2.2. Inclusion/Exclusion Criteria. Studies were included in
the meta-analysis if they reported quantitative data on HIV
prevalence and risky behaviors rate among both MSMW
and MSMO. Studies were excluded if (1) they were duplicate
reports; (2) they failed to report risky behaviors or HIV
prevalence among both MSMW and MSMO; (3) HIV status
was self-reported and not confirmed by test; (4) they did not
mention the period of the recall window of risk behaviors;
and (5) they were postintervention studies. For research
data repeatedly be published in multiple articles, the most
comprehensive article was included in the meta-analysis.

2.3. Quality Assessment. The quality of studies was assessed
using the quality assessment checklist for observational
studies (QATSO score), a validated quality assessment tool
for HIV prevalence/risk behaviors among MSM [19]. Items
were scored as 1, 0, andNA, which represents “yes,” “no,” and
“not applicable,” respectively. The total score of each eligible
studymust have been above 33% (0% and 33%, 33% and 66%,
and 67% and 100%, corresponded to “bad,” “satisfactory,” and
“good quality,” resp.).

2.4. Data Extraction. Bisexuality was operationalized using
a classification of MSMW or MSMO over any timeframe
(behavior recall window) assessed by researchers. Data from
eligible studies were extracted with the following information
by two reviewers independently: (1) general information
about each selected article was extracted (e.g., first author,
publication year, study period, study location, method of
recruitment, sampling method, and behavior recall window).
(2) HIV infection: the prevalence of HIV infection. (3)
Behavioral information: (1) condom use: unprotected anal
intercourse (UAI) with males, unprotected receptive anal
intercourse with males (URAI), and unprotected insertive
anal intercourse (UIAI) withmales andUAIwith commercial
male partner; (2) anal sex role: mainly insertive anal inter-
course (IAI), mainly receptive anal intercourse (RAI), and
both of the two roles; (3) male partner: multiple (≥2) male
partners have casual male partners and have commercial
male partner (include purchasing sex from male sex workers
(money boys andMBs) or selling sex to males); (4) substance
use: alcohol use and ever illicit drug use (including opiate,
cocaine, amphetamine-type stimulants (ATS), cannabis, and
hallucinogens [20]).

2.5. Statistical Analysis. To assess the differences in HIV
infection and related risky behaviors between MSMW and
MSMO, the random/fixed effect models were used to com-
pute the pooled effect rates and odds ratios (OR) (i.e.,
prevalence and OR of HIV infection and proportion and OR
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Figure 1: Flow diagram of studies included in analysis.

of condom use, anal sex role, sex partners, and substance
use) and relevant 95% confidence intervals (CI). Statistical
heterogeneity was qualitatively tested using Cochran’s 𝑄
statistic (𝑝 < 0.10 indicates significant heterogeneity) and
quantified by the 𝐼2 index (𝐼2 < 25%, low heterogeneity;
𝐼
2 = 25–50%, moderate heterogeneity; 𝐼2 > 75%, high
heterogeneity). If significant homogeneity was detected (𝐼2 <
75.0, 𝑝 ≥ 0.10), fixed effect models were employed to
calculate the pooled effect rates and ORs; otherwise random
effects models were employed [21].

There were many factors that may have affected the
homogeneity between studies, such as sample character-
istics and methodological differences. Therefore, we per-
formed subgroup analyses to explore the potential sources of
between-study heterogeneity on (1) study region: Southwest
China, East China, Northeast, North China, and multiple
regions; (2) data collection period: prior to 2009, 2009
and later, and unidentified; (3) data collection method:

interviewer-administered, self-administered, and unidenti-
fied.

A sensitivity analysis was conducted by omitting each
study one at a time to assess the influence of each study
on the overall estimate. To investigate publication bias, we
utilized Egger’s regression test and examined the symmetry
of funnel plots for each comparative meta-analytic domain.
All the statistical analyses were done using STATA V11.2.

3. Results

3.1. Study Selection. As shown in Figure 1, a total of 2425
relevant articles were identified, of which 42 articles entered
further screening, and 36 articles (16 published in English and
20 in Chinese, including 19,730 MSMW and 53,536 MSMO)
were finally included in our systematic review and meta-
analysis (Figure 1) [15, 22–56]. The characteristics of these
included studies are summarized in Table 1.
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Table 1: Study characteristics of 36 samples included in meta-analysis.

Author Publication
year Location Study

periods Setting Sampling
method Survey method

Recall
window
(months)

QACO
score (%)

Tang [55] 2007 Harbin N/A#
Multiple
recruiting
methods

Snowball
sampling

Interviewer-
administered 6 40

Chen [51] 2008 Fuzhou 2008 MSM venue
Multiple
sampling
methods

Interviewer-
administered 6 60

Ouyang et al. [50] 2008 Chongqing 2006
Multiple
recruiting
methods

Snowball
sampling

Interviewer-
administered 6 33

Bai and Feng [43] 2010 Liuzhou 2008
Multiple
recruiting
methods

N/A Interviewer-
administered 6 75

Han et al. [35] 2012 China 2008 N/A N/A N/A 6 60

She et al. [34] 2012 4 cites 2008 N/A Snowball
sampling

Interviewer-
administered 6 60

Li et al. [48] 2009 Chongqing 2006 MSM venue Snowball
sampling

Interviewer-
administered 6 40

Zhang et al. [31] 2012 Wuhan N/A MSM venue Stratified cluster
sampling

Interviewer-
administered 6 80

Ruan et al. [47] 2009 Jinan 2008 N/A RDS## Interviewer-
administered 6 60

Chow et al. [29] 2013 Changsha,Tianjin 2011 MSM venue Convenience
sampling

Interviewer-
administered 6 75

Cai et al. [24] 2014 Shenzhen 2010 Community-
based RDS CASI∗ 6 80

Liao et al. [41] 2011
4 cities in
Shandong
Province

2008-2009
Multiple
recruiting
methods

Multiple
sampling
methods

Interviewer-
administered 6 80

Wang et al. [52] 2007 Harbin 2006 MSM venue N/A Interviewer-
administered 6 60

Ruan et al. [53] 2007 Beijing 2005 N/A
Multiple
sampling
methods

Interviewer-
administered 6 80

Xu et al. [44] 2010 Liaoning 2006 Recruiting by
NGO∗∗ N/A Interviewer-

administered 12 60

Lau et al. [49] 2008 Kunming 2003–2005
Multiple
recruiting
methods

Convenience
sampling

Interviewer-
administered 6 60

Cao et al. [37] 2012 4 cities 2008 Recruiting by
NGO

Snowball
sampling

Interviewer-
administered 6 80

Liao et al. [22] 2014
4 cities in
Shandong
Province

2011
Multiple
recruiting
methods

N/A Interviewer-
administered 6 70

Tao et al. [28] 2013 Beijing 2010-2011
Multiple
recruiting
methods

Multiple
sampling
methods

Interviewer-
administered 12 60

Wu et al. [15] 2013 61 cities 2008-2009 N/A RDS + Snowball
sampling

Interviewer-
administered 6 90

Guo et al. [36] 2012 Beijing 2009
Multiple
recruiting
methods

N/A Self-
administered 6 70
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Table 1: Continued.

Author Publication
year Location Study

periods Setting Sampling
method Survey method

Recall
window
(months)

QACO
score (%)

Wang et al. [33] 2012 Harbin 2006–2010 Community-
based

Snowball
sampling

Self-
administered 12 65

Cao et al. [30] 2013 Nanchang 2011
Multiple
recruiting
methods

Multiple
sampling
methods

Interviewer-
administered 1 week 60

Li et al. [56] 2014 Beijing 2009–2011 N/A RDS CASI 12 80

Feng et al. [46] 2010 Chengdu N/A
Multiple
recruiting
methods

Snowball
sampling

Interviewer-
administered 6 50

Wang et al. [27] 2013 Beijing 2008-2009
Multiple
recruiting
methods

Multiple
sampling
methods

Interviewer-
administered 6 80

Zhang et al. [32] 2012 Chongqing 2009 N/A RDS CASI 6 80

Zhang et al. [25] 2013 Harbin 2011 Recruiting by
NGO N/A Interviewer-

administered 12 60

Cai et al. [23] 2014 Shenzhen 2009–2012 N/A Snowball
sampling + RDS

Interviewer-
administered 6 75

Liu et al. [40] 2011 Beijing N/A MSM venue Snowball
sampling

Interviewer-
administered 12 50

Wang et al. [26] 2013 Mianyang 2011-2012 N/A Snowball
sampling

Interviewer-
administered 6 55

Qu et al. [39] 2011 Inner Mongolia 2010 Community-
based

Snowball
sampling

Interviewer-
administered 6 60

Xu et al. [45] 2010 4 cities N/A N/A Snowball
sampling + RDS

Interviewer-
administered 6 70

Xi [38] 2011 Hangzhou 2009-2010 MSM venue Snowball
sampling

Interviewer-
administered 6 50

Chen et al. [42] 2011 Lanzhou 2006–2010 MSM venue Snowball
sampling

Interviewer-
administered 6 50

Li [54] 2007 Beijing 2005
Multiple
recruiting
methods

Multiple
sampling
methods

Interviewer-
administered 6 70

#N/A: not available, ##RDS: respondent-driven sampling, ∗CASI: computer-assisted self-administered interview, and ∗∗NGO: Non-Governmental
Organizations.

3.2. Quantitative Data Synthesis

3.2.1. HIV Prevalence Analysis and Comparison. As seen in
Table 2, across 23 samples, a significantly higher prevalence
of HIV was found among MSMW compared with MSMO
(6.6% versus 5.4%, OR = 1.27, 95% CI = 1.01–1.58) (Figure 2).
Subgroup analysis by region showed that in the Southwest
China, the difference inHIVprevalence betweenMSMWand
MSMO was the highest (14.8% versus 6.7%, OR = 2.43, 95%
CI = 1.58–3.72), followed by Northeast China (6.5% versus
5.7%, OR = 1.27, 95% CI = 0.89–1.82), the East China (2.7%
versus 5.7%, OR = 0.67, 95% CI = 0.32–1.42), North China
(5.7% versus 4.1%, OR = 1.32, 95% CI = 0.89–1.94), and other
regions (6.3% versus 6.0%, OR = 1.03, 95% CI = 0.78–1.36).
For studies that collected data in 2009 and later, the gap
in HIV prevalence between MSMW and MSMO was larger
than in other periods (8.3% versus 5.6%, OR = 1.59, 95% CI
= 1.08–2.33). The prevalence of HIV for studies recruiting

participants through RDS and all other sampling methods
was 6.9% versus 6.3%, OR = 1.16, 95% CI = 0.65–2.09 and was
6.7% versus 5.2%, OR = 1.30, 95% CI = 1.05–1.61, respectively.

3.2.2. Possible Explanatory Behavioral Factors for Significant
Difference in HIV Infection Risk. As seen in Table 3, for anal
sex role with male, MSMWwere more likely to have insertive
anal intercourse (IAI) and less likely to have receptive anal
intercourse (RAI) than MSMO (IAI: 53.2% versus 41.1%, OR
= 1.74, 95% CI = 1.26–2.42; RAI: 23.7% versus 38.7%, OR =
0.42, 95% CI = 0.28–0.64). No significant differences were
found in condom use between MSMW and MSMO (UAI:
56.7% versus 57.8%, OR = 1.19, 95% CI = 0.99–1.26; UIAI:
63.9% versus 58.3%, OR = 1.19, 95% CI = 0.89–1.60; URAI:
45.9% versus 53.3%, OR = 0.73, 95% CI = 0.50–1.06; UAI with
commercial male partner: 53.2% versus 41.1%, OR = 1.07, 95%
CI = 0.76–1.50). In comparison with sex partners in the past
6 months, MSMW were significantly more likely to engage
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Figure 2: Forest plot of OR pool estimates of HIV infection among MSMW, compared to MSMO.

in commercial sex than MSMO (18.3% versus 12.2%, OR =
1.56, 95% CI = 1.01–2.42). Yet a marginally significant higher
proportion of MSMW have multiple male partners (57%
versus 51.9%, OR = 1.19, 95% CI = 0.85–1.67, 𝑝 = 0.090) and
casual male partners (65.3% versus 61.3%, OR = 1.16, 95% CI
= 0.85–1.58) in the past 6months. Additionally, substance use
was significantly more frequent among MSMW than MSMO
(alcohol use in the past 6 months: 27.1% versus 13.1%, OR =
2.53, 95% CI = 2.14–2.99; illicit drug use in the past 6 months:
5.3% versus 2.5%, OR = 2.09, 95% CI = 1.48–2.95).

3.3. Sensitivity Analysis and Publication Bias. The pooled
rates and ORs were not significantly affected in the sensitivity
analysis, suggesting that the results were robust. The funnel
plot (dots nearly symmetrically distributed) and Egger’s test
(all 𝑝 values for Egger’s test > 0.05) reflected that there was no
evidence of publication bias in any comparison model (data
not provided).

4. Discussion

To our knowledge, this is the first systematic review to
compare both HIV prevalence and various risk behaviors
between Chinese MSMW and MSMO. It provides an insight
into the latest HIV epidemic of MSMW and specific HIV
transmission risk from MSM to general population and
proposes a crucial suggestion for China’s health department
to make more effective prevention strategy and policy in the
future. Building on our earlier research, we integrated the
latest extensive 31 additional published pieces of literature and
further validated that Chinese MSMW have a significantly
higher HIV prevalence than MSMO, which is similar to our
previous conducted meta-analysis results [16]. Remarkably,
our present systematic review further clarified risk behavioral
differences amongMSMW andMSMO in China, which have
not yet been disclosed before.

The aggregated ORs among MSMW were 1.3 times more
likely to beHIV-positive thanMSMO,which is quite different
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from a meta-analysis of AmericanMSM suggesting that HIV
prevalence among MSMW is somewhat lower than MSMO
(OR= 0.41, 95%CI: 0.31–0.54) [57].These divergencesmay be
attributed to relatively lower rates of risky behavior ofMSMW
than MSMO in the United States, such as fewer UAI and
URAI exposures. On the contrary, higher rates of commercial
sex and substance use were found in Chinese MSMW in
present systematic review.

The HIV prevalence among MSMW varies according to
geographic differences: the extraordinarily high HIV preva-
lence of MSMW in the Southwest compared to other regions
in China (Southwest China: 12.9%; Northeast China: 6.5%;
North China: 5.1%; East China: 2.7%). Due to the fact that
Southwest China includes several high HIV prevalence areas
in China such as Guangxi and Yunnan [3, 58], MSMW in
this region engaged in similar sexual risk behaviors may have
higher HIV prevalence than in other regions of China. So
targeted measures should be taken, which consider the risk
profile of MSMW in high HIV prevalence areas of China in
order to curb the spread of HIV.

Moreover, our findings further showed that Chinese
MSMW have a high rate of commercial sex in the last
6 months. As MSMW feared exposing their homosexual
orientation to their female spouse or partner, some may
choose to buy sex from MBs [59]. On the other hand,
MBs in China often sell sex to both males and females
to increase their income [24]. MBs have become one of
the emerging high risk subgroups of MSM communities in
recent years [60–62], so higher rate of commercial sex in
MSMW was associated with HIV transmission. The current
systematic review also estimated that MSMW were 2.1 and
3.0 times more likely to engage in alcohol use than MSMO.
Moreover, MSMW more likely use illicit drugs in this study.
Such social environments may lead MSMW to hide their
sexual orientation by unwillingly engaging in heterosexual
relationships, given that they may seek out substance use
(alcohol/illicit drugs) in an attempt to modulate pressure
from reality [22]. As substance use may relax safer sex norms
and increase unprotected anal sex, a higher substance use
rate in MSMW may increase the risk of HIV transmission
[63–65]. Our findings are consistent with other studies that
MSMW prefer insertive anal sex role [28, 30, 31, 34, 57, 66–
68], but we failed to find significant differences in condom
use with male partners between MSMW and MSMO; hence,
insertive anal sex role reducing the risk of HIV transmission
may be offset by significant higher rate of commercial sex and
using alcohol/illicit drugs.

The findings yielded in this study have some important
implications for national HIV prevention and care plan-
ning and intervention development. The results suggest that
MSMW have composed a significant special subproportion
of the population of MSM who are both vulnerable to HIV
infection from other higher risk MSM and also in high risk
of bridging HIV epidemic to their female partners. However,
there are currently no HIV prevention targeted interventions
policies forMSMW inChina. Given this challenge, we should
develop specific prevention strategies targetingMSMW from
the following three aspects. First, strategies should focus
on increasing HIV/STIs screening programs for MSMW

subpopulations to help them to learn their HIV infection
status.We could promote and implement VCT or STIs clinic-
based interventions to increase the frequency of HIV/STIs
screening among MSMW through more frequent calling or
sending of text message to remind them with their clinic
visits [69]. Second, we should take measure of MSMW
on preventing high risk commercial sex and substance
use; meanwhile, we should enhance their consciousness of
protecting themselves as well as their partners (both male
and female). Third, given high risk of HIV infection among
MSMW, MSMW’s family is also a potential source of HIV
discordant couples in China [8, 70–72]. In recent years a
number of international studies have shown that the early
initiation of antiretroviral therapy (ART) could reduce rates
of sexual transmission of HIV-1 and clinical events [73–
75], in China; early ART initiation was also reported that
may reduce HIV transmission in discordant couples [76].
Hence, early ART initiation for HIV-positive MSMW should
also be a good candidate strategy to improve the quality of
MSMW’s lives and decrease their HIV transmission risk in
discordant couples. Additionally, it is essential to actively
advocate for the respect and social equality of people with
bisexual and homosexual orientations and reduce the social
discrimination and family pressures for MSM.

This systematic review and meta-analysis has several
important limitations. First, the paucity of existing research
did not allow for subgroup analyses of HIV prevalence
by race/ethnicity and other demographic differences both
within MSMW and compared to MSMO. Second, though
we attempted to be as inclusive as possible, our available
database searches may have excluded relevant studies from
this systematic review and meta-analysis. Third, the majority
of included articles of this study recruited participants in
urban locations, so rural representation was limited. Fourth,
for lack of data from Northwest and other areas in China,
it is difficult to reflect the comprehensive national HIV
epidemic. Fifth, the results of this study suggest that a higher
proportion of commercial sex and substance use among
MSMWmay be a potentially indicative factor for significantly
higher HIV prevalence compared to MSMO, but whether
commercial sex and/or substance use significantlymoderated
HIV prevalence differences between MSMW and MSMO
should also be verified in future research.

More emphasis needs to be placed on Chinese MSMW
in order to develop more targeted prevention measures for
these potentially hidden MSM. Strategies targeting MSMW
focused on increasing the frequency of HIV/STIs screening,
preventing high risk commercial sex and substance use,
encouraging safe sex practices, and actively carrying out early
antiretroviral therapy for HIV-positive MSMW; meanwhile,
actively advocating for the respect and social equality of peo-
ple with bisexual and homosexual orientations and reducing
the social discrimination and family pressures forMSMcould
help to slow the spread of HIV/AIDS.
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Context. Perinatal mortality indicators are considered the most important measures of perinatal outcome.The indicators reliability
depends on births and deaths reporting and recording. Many publications focus on perinatal deaths underreporting and
misclassification, disabling proper international comparisons. Objective. Description of perinatal health care quality assessment
key indicators in Croatia. Methods. Retrospective review of reports from all maternities from 2001 to 2014. Results. According to
reporting criteria for birth weight ≥500 g, perinatal mortality (PNM) was reduced by 31%, fetal mortality (FM) by 32%, and early
neonatal mortality (ENM) by 29%. According to reporting criteria for ≥1000 g, PNMwas reduced by 43%, FM by 36%, and ENMby
54%. PNM in ≥22 weeks’ (wks) gestational age (GA) was reduced by 28%, FM by 30%, and ENM by 26%.The proportion of FM at
32–36wks GA and at termwas the highest between all GA subgroups, as opposed to ENMwith the highest proportion in 22–27wks
GA. Through the period, the maternal mortality ratio varied from 2.4 to 14.3/100,000 live births. The process indicators have been
increased in number by more than half since 2001, the caesarean deliveries from 11.9% in 2001 to 19.6% in 2014. Conclusions. The
comprehensive perinatal health monitoring represents the basis for the perinatal quality assessment.

Dedicated to the memory of Professor Ante Dražančić, our teacher and founder of Croatian Perinatology

1. Introduction

Perinatal health care, as well as the other areas of health care,
requires the usage of useful indicators for quality assessment
and evaluation, which will enable sustainable planning in
accordance with limited resources. A weighted sum of all
essential indicators, including fetal andmaternal, short-term,
and long-term outcomes, as well as maternal satisfaction
and the impact on future pregnancies and deliveries, would

represent the idealmeasure of quality [1]. However, all recom-
mended perinatal health indicators cannot be produced and
gathered through routine national health statistics system.
Some of the indicators are already available in the inter-
national databases but not presented by subgroups, which
wouldmake themmore specific and sensitive perinatal health
measurements. According to the World Health Organization
(WHO) recommendations for international comparisons,
the countries should calculate the perinatal indicators for
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total births, fetal and early neonatal deaths ≥1000 g birth
weight (BW), or ≥28 weeks’ (wks) gestational age (GA).
Moreover, the inclusion of fetuses and infants weighing 500–
999 g or 22–27 completed wks GA in national statistics is
recommended by WHO because it improves the coverage of
reporting according to criteria for international comparisons
and enables better evaluation outcomes [2]. Also, on the
European community’s research agenda, there was a need
for defining measures of maternal and child health care
and outcomes for use in evaluating health care and public
health programmes. As a part of the EU’s Health Monitoring
Programme, PERISTAT (Perinatal Statistics) project has been
launched in 1999 [3].Theobjective of the PERISTATproject is
to establish a high quality, innovative, internationally recog-
nized, and sustainable European perinatal health information
system.This system’s goal is to produce data and analysis on a
regular basis for use by national, European, and international
stakeholders whomake decisions about the health and health
care of pregnant women and newborns. PERISTAT scientific
advisory committee defined the core perinatal indicators list
in order tomonitor the perinatal healthmore precisely.These
indicators are sufficient for international comparisons, mea-
suring fetal and infant health outcomes and key interventions
implemented to prevent death and morbidity [4, 5].

The aim of this study was to analyze the key indicators
for perinatal health care quality assessment in Croatia for the
period 2001–2014.

The feasible perinatal indicators for Croatia’s perinatal
health care assessment were as follows:

(i) Perinatal outcome indicators: perinatal mortality
(PNM), fetal mortality (FM), early neonatal mortality
(ENM) by BW subgroups (≥500 g and ≥1000 g) and
GA subgroups (≥22wks and ≥28wks), and maternal
mortality.

(ii) Process indicators: antenatal visits, ultrasound (US)
examinations, and caesarean deliveries (CS).

2. Material and Methods

2.1. Croatian Population Characteristics. According to the
2011 Census, the Croatian Bureau of Statistics (CBS) data, the
Croatian population amounted to approximately 4.3 million,
with approximately 40,000 deliveries and 50,000 deaths
per year with negative natural trend [6]. Sociodemographic
characteristics of population by WHO’s estimates indicated
low birth rate (9.3/1,000), low total fertility rate (1.5/per
woman, 15–49 years old), moderate death rate (12.0/1,000),
andmoderate life expectancy at birth for both sexes (76 years)
[7]. Numerous sociodemographic characteristics of mothers
remain unknown since CBS collects a limited data set of
these data like permanent residence, marital status, parity,
and professional birth attendance [6]. According to CBS data
in the period 2000–2013, more than 80% of births were
from marriages and more than 99% in health institutions
[8]. Almost half of all deliveries were first deliveries, 35%
second, and 15% third or higher birth order. Concerning the
mother age, the deliveries were most common at the age
25–29 (91.8 deliveries per 1,000 females of the same age),

followed by the age 30–34 (89.7 deliveries per 1,000 females
of this age), and at the age 20–24 (47.5/1,000). The overall
average birth age was 30, while the average age at first birth
among women was 27 years [6, 9]. About 3% were births
from multiple pregnancies [9]. CBS vital statistics data about
births are limited to sex, live birth (LB) or stillbirth, and
residence. It was a basic reason for routine health statistics
system improvement and introduction of new medical birth
notification for birth monitoring with a broader set of data in
2001.

Despite efforts for better data entry in health institutions,
the Croatian Institute of Public Health (CIPH) as the main
producer of routine health statistics disposes of some basic
data of newborns like sex, GA, and BW. According to CIPH
data, 20,283 males and 19,505 females were born in the year
2014 and there was 1,04 : 1 male : female newborn ratio. In
this period, there were 5.24% newborns with BW less than
2500 g: 0.51% newborns with extremely low birth weight (less
than 1000 g (ELBW) newborns), 0.47% newborns of BW
1000–1499 g, 1.08% newborns of BW 1500–1999 g, and 3.18%
newborns of BW 2000–2499 g [9].

During the war and the postwar period in Croatia, the
share of preterm births amounted to 7-8% [10]; in the period
2001–2010, this share decreased to 5.8% [11], while in the
period 2010–2014, the increase was present up to 6.2% [12].

2.2. Study Design. The reports were retrieved from CIPH for
the period 2001–2014, after collecting and processing birth,
fetal deaths, and early neonatal deaths data from maternities
and neonatal intensive care units (NICUs). These reports
derived from hospital data were obtained as a part of the
CIPH and Croatian Society of Perinatal Medicine (CSPM)
Programme for perinatal health surveillance and reporting.
According to these reports, there were 587,356 total births
≥22wks and 4,633 perinatal deaths ≥22wks (Table 1).

Perinatal data collecting according to the WHO recom-
mendations by the BW and GA groups has been introduced
in Croatian maternities since 2001 by the CIPH, in coopera-
tion with CSPM, through two ways: reports with aggregated
birth and perinatal death data by the BW and GA subgroups
and individual birth and perinatal death notifications based
on hospital discharges [10].

WHO encourages countries to build perinatal monitor-
ing capacity and collect data for key perinatal mortality
indicators, relying on the same definitions in order to allow
for the comparison of these statistics. The events related to
birth, death, and the perinatal period, as well as the report-
ing requirements for the data from which internationally
comparable statistics are drawn, are defined in detail in the
International Classification of Diseases, 10th Edition (ICD-
10), Instruction Manual, [2].

WHOrecommended definition for national purposes [2]:

PNM

=
Fetal deaths and early neonatal deaths ≥ 500 g or ≥ 22wks

Total births ≥ 500 g or ≥ 22wks

× 1000,
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Table 1: Total births, fetal, early neonatal and perinatal deaths in Croatian maternities in the period 2001–2014.

Year Total births ≥22wks
numbers

Fetal deaths ≥22wks
numbers

Early neonatal deaths
≥22wks numbers

Perinatal deaths ≥22wks
numbers

2001 41,487 235 173 408
2002 40,493 234 152 386
2003 40,013 227 156 383
2004 40,759 231 139 370
2005 43,030 237 146 383
2006 41,964 218 138 356
2007 42,456 195 139 334
2008 44,315 202 118 320
2009 45,071 191 149 340
2010 43,842 215 108 323
2011 41,556 158 102 260
2012 42,074 161 78 239
2013 40,319 156 92 248
2014 39,977 158 125 283

FM =
Fetal deaths ≥ 500 g or ≥ 22wks
Total births ≥ 500 g or ≥ 22wks

× 1000,

ENM

=
Early neonatal deaths or ≥ 500 g or ≥ 22wks

LB ≥ 500 g or ≥ 22wks
× 1000.

(1)

WHO recommended definition for international com-
parison:

PNM

=
Fetal deaths and early neonatal deaths ≥ 1000 g or ≥ 28wks

Total births ≥ 1000 g or ≥ 28wks

× 1000,

FM =
Fetal deaths ≥ 1000 g or ≥ 28wks
Total births ≥ 1000 g or ≥ 28wks

× 1000,

ENM

=
Early neonatal deaths or ≥ 1000 g or ≥ 28wks

LB ≥ 1000 g or ≥ 28wks
× 1000.

(2)

Following the year 2001, according to the new method-
ology, the calculations for PNM and FM based on reports
from the maternities have been obtained according to the
national and international reporting criteria [13]. However,
for the purpose of obtaining the vital statistics, all dead LB,
independently of BW or GA, have been included in infant
mortality.

Maternal mortality data from medical death records in
CIPH were matched with CBS vital statistics data.The record
of each death during pregnancy, childbirth, and puerperium
was verified together by experts from CIPH and CSPM in
order to get complete and reliable data. The WHO defines
maternal death as the death of a woman while pregnant
or within 42 days of termination of pregnancy, irrespective

of the duration and site of the pregnancy, of any cause
related to or aggravated by the pregnancy or its management
but not of accidental or incidental causes. This definition
allows identification of maternal deaths based on their causes
as either direct or indirect. The direct obstetric deaths are
those resulting from obstetric complications of the pregnant
state (pregnancy, delivery, and postpartum period), from
interventions, omissions, or incorrect treatment, or from
a chain of events resulting from any of the above. The
indirect obstetric deaths are those resulting from previous
existing disease or diseases that develop during pregnancy
and which were not due to direct obstetric causes but were
aggravated by physiological effects of pregnancy [14]. The
WHO Conference agreed that since the number of LB was
more universally available than the number of total births,
it should be used as the denominator in the ratios related to
maternal mortality [2, 14]. Therefore, the maternal mortality
ratio (MMR) in Croatia has been calculated including direct
and indirect causes of woman death in pregnancy, delivery,
or puerperium on 100,000 LB [13].

Data for process indicators (antenatal visits, US, and CS)
have been obtained from maternities and CS proportions on
100 LB compared with WHO Health For All (WHO-HFA)
database indicators.

3. Results

3.1. Perinatal Outcome Indicators

3.1.1. Perinatal, Fetal, and Early Neonatal Mortality by Birth
Weight Subgroups (≥500 g and ≥1000 g). In the period 2001–
2014, PNM for all ≥500 g BW total births was reduced by
30.6%, from 9.8‰ to 6.8‰, FM for all ≥500 g by 32.1%, from
5.6‰ to 3.8‰, and ENM by 28.6%, from 4.2‰ to 3.0‰. In
the same period of time, PNM for all ≥1000 g BW total births
was reduced by 42.5% (from 7.3‰ in 2001 to 4.2‰ in 2014).
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Table 2: Perinatal, fetal, and early neonatal mortality rates (‰) in total births’ birth weight ≥500 g and birth weight ≥1000 g in Croatia in the
period 2001–2014.

Year PNM ≥ 500 g (‰) PNM ≥ 1000 g (‰) FM ≥ 500 g (‰) FM ≥ 1000 g (‰) ENM ≥ 500 g (‰) ENM ≥ 1000 g (‰)
2001 9.8 7.3 5.6 4.5 4.2 2.8
2002 9.3 6.9 5.6 4.3 3.7 2.6
2003 9.5 6.3 5.7 4.1 3.8 2.2
2004 8.7 5.8 5.3 3.9 3.4 1.9
2005 8.8 6.4 5.4 4.2 3.4 2.2
2006 8.3 5.3 5.1 3.4 3.2 1.9
2007 7.8 4.9 4.5 3.1 3.2 1.8
2008 7.0 4.6 4.4 3.2 2.6 1.4
2009 7.2 4.4 4.2 3.0 3.0 1.5
2010 7.2 4.7 4.8 3.5 2.4 1.2
2011 5.9 3.5 3.6 2.5 2.3 1.0
2012 5.4 3.6 3.6 2.7 1.7 0.9
2013 5.8 3.5 3.6 2.5 2.2 1.0
2014 6.8 4.2 3.8 2.9 3.0 1.3

Table 3: Perinatal, fetal, and early neonatal mortality rates (‰) in gestational age subgroups ≥22 weeks and ≥28 weeks in Croatia in the
period 2001–2014.

Year PNM ≥ 22wks (‰) PNM ≥ 28wks (‰) FM ≥ 22wks (‰) FM ≥ 28wks (‰) ENM ≥ 22wks (‰) ENM ≥ 28wks (‰)
2001 9.8 7.4 5.7 4.7 4.2 2.7
2002 9.5 7.4 5.8 4.8 3.8 2.6
2003 9.6 6.6 5.7 4.4 3.9 2.1
2004 9.1 6.3 5.7 4.4 3.4 1.9
2005 8.9 6.7 5.5 4.5 3.4 2.2
2006 8.5 5.8 5.2 4.0 3.3 1.8
2007 7.9 5.5 4.6 3.6 3.3 1.9
2008 7.2 4.8 4.6 3.5 2.7 1.3
2009 7.5 4.7 4.2 3.2 3.3 1.5
2010 7.4 5.0 4.9 3.8 2.5 1.2
2011 6.3 3.8 3.8 2.9 2.5 0.9
2012 5.7 3.9 3.8 3.0 1.9 0.9
2013 6.2 3.9 3.9 2.9 2.3 1.0
2014 7.1 4.4 4.0 3.0 3.1 1.5

The FM was reduced by 35.6% (from 4.5‰ to 2.9‰) and
ENM by more than half (53.6%, from 2.8‰ to 1.3‰), with
slight variations in the rates over the years (Table 2).

3.1.2. Perinatal, Fetal, and Early Neonatal Mortality by Gesta-
tional Age Subgroups (≥22wks and ≥28wks). In the period
2001–2014, PNM in all ≥22wks GA group was reduced by
about one-quarter (27.6%, from 9.8‰ in 2001 to 7.1‰ in
2014). FM was reduced by 29.8% (from 5.7‰ to 4.0‰) and
ENM by 26.2% (from 4.2‰ to 3.1‰). In the same period of
time, PNM in all ≥28wks GA was reduced by 40.6% (from
7.4‰ to 4.4‰), FM in all ≥28wks GA by 36.1% (from 4.7‰
to 3.0‰), andENMby 44.6% (from 2.7‰to 1.5‰) (Table 3).

Figure 1 reports FM attributable to each of the four
GA groups: 22–27; 28–31; 32–36; and ≥37wks. This figure
illustrates the impact of FM subgroup differences on overall
rates. FM ranged from 1.2‰ to 1.8‰ in 32–36wks GA

subgroup and from 0.9‰to 2.2‰in37–41 wksGA subgroup,
for both subgroupsmore than a half of overall FM throughout
the period 2001–2014.

ENM was the highest in 22–27wks GA subgroup, repre-
senting more than one-third to more than a half of the total
of all early neonatal deaths in the period 2001–2014. ENM
ranged from 1.0‰ to 1.8‰ in this GA (Figure 2).

3.2. Maternal Mortality. Table 4 reports MMR related to the
direct and indirect obstetric causes for the period 2001–2014.
Total MMR varied from 2.4 to 14.3/100,000 LB. In the period
2010–2014, the decreasing trend in direct obstetrical causes
could be observed. In the period 2001–2014, the direct obstet-
ric deaths due to pregnancy, labor, or puerperium caused
63.8%of allmaternal deaths.The indirect obstetric deaths due
to maternal chronic diseases, malignant diseases, and other
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Table 4: Maternal deaths and maternal mortality ratios related to the direct and indirect obstetric causes/100,000 live births.

Year MD: all causes MD: direct obstetric causes MD: indirect obstetric causes
Numbers MMR Numbers MMR Numbers MMR

2001 1 2.4 1 2.4 0 0
2002 4 10.0 4 10.0 0 0
2003 3 7.6 3 7.6 0 0
2004 3 7.4 2 5.0 1 2.5
2005 3 7.1 1 2.4 2 4.7
2006 4 9.7 2 4.8 2 4.8
2007 6 14.3 3 7.2 3 7.2
2008 3 6.9 1 2.3 2 4.6
2009 6 13.5 6 13.5 0 0
2010 4 9.2 1 2.3 3 6.9
2011 4 9.7 3 7.3 1 2.4
2012 3 7.2 1 2.4 2 4.8
2013 2 5.0 1 2.5 1 2.5
2014 1 2.5 1 2.5 0 0
2001–2014 47 8.1 30 5.2 17 2.9
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Figure 1: Fetal mortality attributed to gestational age subgroup (per
1,000 total births).

causes unrelated to pregnancy, labor, or puerperium caused
the remaining 36.2% of all maternal deaths.

3.3. Perinatal Process Indicators

3.3.1. Antenatal Visits andUltrasoundExaminations. Figure 3
reports the proportion of pregnant women with 0–2, 3–5, 6–
8, and ≥9 antenatal visits.The percentage of pregnant women
with ≥9 visits increased from 43.0% in 2001 to 72.3% in 2014,
followed by other subgroups’ proportion decrease.

Figure 4 reports the proportion of pregnant women with
0, 1, 2, 3, and ≥4 US in pregnancy.The percentage of pregnant
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Figure 2: Early neonatal mortality attributed to gestational age
subgroup (per 1,000 live births).

women with ≥4 visits increased from 63.1% in 2001 to 93.4%
in 2014, followed by other subgroups’ proportion decrease.

3.3.2. Caesarean Section. The frequency of CS is continuously
rising. Figure 5 reports the comparison with EU average.

4. Discussion

Thekey indicators for perinatal health care quality assessment
in Croatia were analyzed after introducing new reporting
criteria in routine health statistics on national level for
monitoring PNM, FM, and ENM in 2001. The changes in
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Figure 4: Distribution of pregnant women by ultrasound examina-
tion frequency in the period 2001–2014.

reporting criteria have enabled us to have a deeper insight
into PNM, FM, and ENM trends in births <1000 g BW and
<28 completed wks GA. According to reporting criteria for
international comparisons and WHO-HFA indicators, PNM
and FM in Croatia were below EU average [15]. However, this
study showed that the inclusion of perinatal deaths <1000 g
BWand<28 completedwksGA considerably changes picture
about perinatal outcomes in Croatia. Furthermore, the study
showed that the highest ENMwas in 22–27wks GA, by more
than third to more than a half of the total ENM in the period
2001–2014, which is reflected in the increase in total PNM, in
particular in 2013-2014.

Another important finding of this study was that, accord-
ing to antenatal visits and US examinations which are pre-
natal care measures, the highest number of mothers was
included in the optimal number of examinations in accor-
dance with national recommendations [16]. This implies that
some other factors like perinatal health care organization
could have influenced ENM and PNM trends in 22–27wks
GA in Croatia and should be additionally investigated.

The mortality indicators are considered the most impor-
tant measures of perinatal outcome, encouraging the health
care professional efforts to prevent avoidable deaths. The
data reliability depends on credible reporting and births
and deaths recording process. The numerous researches
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Figure 5: The proportion of caesarean sections in Croatia and EU
average per 100 live births in the period 2001–2014.

have been emphasizing the problem of stillbirths and early
neonatal deaths underreporting and misclassification [17–
27]. The civil registration systems from many countries
provide only basic information related to numbers of births
and deaths and registration is required by law. However, the
majority of civil registers do not collect birth or perinatal
death data according to BW or GA. As in majority of coun-
tries, the main source of perinatal mortality indicators in
Croatia was civil registration system, which was based on
the birth and death certificates from CBS. According to the
CBSmethodology, FM is calculated as a number of stillbirths
after 28th completed wks of pregnancy on 1,000 total births,
irrespective of GA, up to the year 2001. ENM is calculated
as a number of newborns who died in the first 168 hours
(7 days) of life on 1,000 LB, irrespective of BW or GA.
Whereas CBS does not collect data according to WHO and
PERISTAT recommendations, it was impossible to carry out
precise perinatal monitoring and international comparisons.
Therefore, CSPM andCIPH introduced perinatal monitoring
according to reports from maternities and developed new
medical birth and perinatal death certificates by BW and
GA, implementing their usage in the national routine health
statistics system which covers more than 99% of births and
perinatal deaths. However, the newmonitoring system based
on individual records needed a few years for developing and
improving [13, 17]. Since 2001, Croatia has been providing
the data about all perinatal deaths ≥1000 g to WHO-HFA
for PNM calculations according to criteria for international
comparison. For the purpose of the national analyses and
evaluation of perinatal health care, both rates (according to
BW ≥ 500 g and ≥ 1000 g) are used.

A similar reporting problem was detected in many Euro-
pean countries, preventing the perinatal, neonatal, post-
neonatal, and infant mortality comparisons by the BW or
GA subgroups per country [22]. The health statistics systems
differ in data collection methodology and area of coverage.
Many countries use some form of linkage procedure tomerge
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data from different sources. In international databases such
as WHO-HFA and the Statistical Office of the European
Communities (Eurostat) database, these indicators can be
found to be related to the different methodologies: forWHO-
HFA database countries, the perinatal mortality indicator for
BW group ≥1000 g or group ≥28wks of GA is provided, while
for Eurostat, it is according to different national statistical
offices data for vital statistics registration. These data are
not sufficient for perinatal outcome measures as opposed
to the PERISTAT subgroup and GA division due to the
fact that more than 70% of perinatal deaths in developed
countries are connected with preterm birth and low BW [17–
19, 21, 22, 28]. The lack of BW and GA data for late neonatal
and postneonatal deaths hinders the analyses of the long-
term consequences caused by ELBW and/or GA: physical,
neurological, and cognitive impairments.

PNM, FM, and ENM by BW and GA have been regularly
analyzed and discussed at annual national perinatal mortality
conferences as a form of perinatal surveillance with the
basic aim of preventing unfavorable perinatal outcomes
[10]. Croatian PNM, calculated by WHO-HFA methodology
criteria of BW ≥ 1000 g, seems to be lower than European
Union (EU) average, amounting to below 5‰ for the period
of 2007 onwards [15]. FM rates were 5.7‰–4.0‰for ≥22wks
in the period 2001–2014, mildly decreasing from 2001 to 2014.
In comparison with the PERISTAT survey data for 2010, the
European countries range from 2.6‰ to 8.9‰ [29]. The first
Croatian data originated in the year 1950, indicating FM rate
of 17.8‰, which gradually decreased to today’s value [10].
ENM rates were 4.4–3.1‰ for ≥22wks in the period 2001–
2014, decreasing in 2012 and increasing in the years 2013 and
2014. In comparisonwith the PERISTAT survey data for 2010,
the European countries range from 1.0‰to 4.0‰,butmostly
in the scope from 1.5‰ to 2.0‰ [29]. The first officially
published ENM rate in Croatia was 27.7‰ in the year 1950
with substantial decrease, especially after 1996 when FM rate
was surpassed [10].The perinatal health in Croatia, measured
by PNM, FM, and ENM, has improved considerably in recent
decades with the evident increase in ENM during the last
two years, especially in 22–27GA subgroup, which represents
the cause for concern and requires detailed new analyses.
According to other national studies, the increased number of
ELBW newborns, mostly from multiple pregnancies, led to
the rise of ENM resulting with the consequent rise of PNM
over the last two years [12, 30–32].

The increase in the number of <1500 g BWnewborns, LB,
and deaths directs the perinatal health care endeavor towards
the prevention, early diagnosis, and appropriate treatment
of threatened early preterm labors, harmless delivery of
those children, and thereafter appropriate treatment of those
newborns in the NICUs [10, 23]. This may be achieved by
implementing a regional organization of perinatal health
care according to evidence-based studies and observations
[33–43]. The routine perinatal health monitoring system is
an important tool which enables the health care planning
process in accordance with the requirements for appropriate
level of health care, including human resources and adequate
equipment. In order to improve the structure of Croatian
perinatal health care system, all maternities and neonatal

units are organized in a network, regionalized according to
the professional guidelines [44]. However, the network is
not officially confirmed by the Ministry of Health of the
Republic of Croatia.The pregnant women are referred, as well
as postpartum sick newborns, to the facilities of appropriate
level, according to maternal/infant health condition. The
referrals aremainly towards thematernitieswithNICUs, level
III, situated in own perinatal region. The most complicated
pregnancies and newborns can be referred to the National
Center of Perinatal Medicine or to the National Center of
Neonatal Intensive Medicine (level IV). The transfer of the
sick newborns is organized as “one-way transport” [44].

The pregnancy and childbirth still involve risk for preg-
nant women and their babies and health in the perinatal
period, while remaining an important public health priority.
Although poor outcomes are increasingly rare, mothers in
Europe still die in childbirth (5–15 women per 100,000 LB)
[45]. Not only does MMR represent a key perinatal health
outcome, but also it indicates the quality of obstetrical
care, since many direct maternal deaths are associated with
substandard care. The analysis of maternal deaths revealed
that one-third of them are avoidable. The indicators of
maternalmortality are extremely sensitive to underreporting,
both in developing and in developed countries [46, 47].
The ascertainment of maternal deaths requires an effort by
governments to ensure that deaths during or within one year
after pregnancy are identified on death certificates or using
other measures. Their precise registration depends on cause
of death coding rules.

MMR for Croatia displays the substantial variation over
time and the average is 8.1/100,000 LB during the period of
14 years, slightly higher than EU average considering the last
few years. In 1954 (first known data), maternal mortality was
168/100,000 LB, rapidly decreased in the period 1960–1980,
afterwards showing the values below 10/100,000 LB [48].
Following the introduction of the new reporting criteria and
registration in the year 2001, the death causes of women in
pregnancy, labor, and 42 days after labor are double-checked
by CIPH and CSPM. The increase of the overall maternal
deaths might have been caused by the fact that CIPH and
CSPM have been including the indirect causes of maternal
death as a part of the overallmaternal deaths count since 2001.
Up to the year 2001, Croatia reported only direct obstetrical
maternal deaths.

The number of clinical visits and of US examinations of
pregnant women is continuously increasing.The recommen-
dations of CSPM, officially adopted and completely financed
by Croatian Institute of Health Insurance, are 10 clinical visits
per healthy pregnant woman and 3 US examinations [44].
The low proportion of pregnant women without adequate
antenatal care and ultrasound examinations represents the
indicators of prenatal care availability quality.

In view of the ongoing debates about the safest path
to delivery, there is not yet clear consensus achieved. The
spontaneous deliveries represented the majority of births in
all countries, but the proportion of CS has been increased
in the majority of European countries [15]. The rise of
CS in Croatia, in comparison to the majority of European
and other countries, is relatively mild. In relation to USA
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and some European countries, there is a certain lag period
present [49, 50]. There is an endeavor to stop further CS
rise. The measurements of differences in mode of delivery
under different circumstances including breech presentation,
previousCS, parity, andmultiple gestation pregnancieswould
offer better insight into necessity, risks, and benefits in
specific circumstances.

The strength of this study is the perinatal mortality audit
based on national routine health statistics which enables
calculation of PNM, FM, and ENM rates adjusted for GA and
BW for the whole population. The results can be considered
as fairly reliable and representative for the entire country. Our
review of perinatal mortality outcomes related to BW and
GA specific mortality rates over the period of 14 years and
comparisons with PERISTAT 2010 report can be considered
a way to improve the health care process for all pregnant
women and their newborns. It provides an opportunity to
learn from adverse events, identifying and analyzing them
and providing the future preventive measures.

The limitations of this study include the lack of the other
perinatal health care indicators required for detailed insight
into the provided perinatal health care, as well as perinatal
morbidity outcomes with long-term physical, neurological,
and cognitive impairment.

5. Conclusions

The perinatal health audit in Croatia has been improved after
introducing recommended reporting criteria by WHO and
PERISTAT which enable comparison in perinatal outcome
with other countries. The outcome of this research provides
an opportunity to identify problems and to prepare the plan
for perinatal health care improvement. The perinatal mon-
itoring system should be further improved while analyzing
other perinatal indicators, except for the presented few core
outcomes and process indicators, in order to achieve more
complete image of perinatal care effectiveness and availability.
The comprehensive perinatal health monitoring represents
the basis for the perinatal quality assessment.
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The evidence underpinning public health policy is often of low quality, leading to inconsistencies in recommended interventions.
One example is the divergence in national policies across Europe for managing contacts of invasive meningococcal disease. Aiming
to develop consistent guidance at the European level, a group of experts reviewed the literature and formulated recommendations.
The group defined eight priority research questions, searched the literature, and formulated recommendations using GRADE
methodology. Five of the research questions are discussed in this paper. After taking into account quality of evidence, benefit,
harm, value, preference, burden on patient of the intervention, and resource implications, we made four strong recommendations
and five weak recommendations for intervention. Strong recommendations related not only to one questionwith very low quality of
evidence as well as to two questions withmoderate to high quality of evidence.Theweak recommendations related to two questions
with low and very low quality of evidence but also to one questionwithmoderate quality of evidence. GRADEmethodology ensures
a transparent process and explicit recognition of additional factors that should be considered when making recommendations for
policy. This approach can be usefully applied to many areas of public health policy where evidence quality is often low.

1. Introduction

The incidence of invasive meningococcal disease (IMD),
caused by Neisseria meningitidis, is low in Europe, but case
fatality is high (0.8 cases/100,000 inhabitants and 8.7%, resp.,
in 2011) [1]. Outbreaks of IMD may generate significant
anxiety in the population, and even a single case may have
important public health implications [2, 3].N. meningitidis is

transmitted from person to person and the risk of disease is
highest in contacts from the same household as a case [4, 5].
In 2007, a European survey showed that recommendations
for chemoprophylaxis to eliminate nasopharyngeal carriage
in close contacts of IMD cases varied across Europe, in
particular regarding the type of antibiotic and the groups that
should be targeted [6, 7]. Discrepancies were partly due to
differences in policy, medical practices, and health systems
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but could also be explained by uncertainty surrounding the
effectiveness of preventive measures or the differences in
methods used to develop recommendations [6].

Divergences in national policies are particularly prob-
lematic in cross-border settings, as they lead to differences
in disease management among population groups with the
same exposure. For instance, passengers sharing an aeroplane
flight with a case of IMD might or might not receive
chemoprophylaxis depending on their country of residence
[8].The EuropeanCentre for Disease Prevention andControl
(ECDC) therefore commissioned a group of experts to
develop guidance for European countries on themanagement
of contacts of IMD.

It was clear from the outset that high quality evidence in
this area would be limited as in many areas of public health
[9].This is because randomized clinical trials on public health
interventions are often difficult to organize (particularly
when incidence of the outcome is low) and the use of placebo
is no longer considered ethical when the intervention studied
is already a recommended standard of care. In addition,
evidence may be indirect as when only surrogate (proxy)
endpoints are available. Therefore, information often comes
from observational studies that are more prone to bias
and are considered to provide a lower quality of evidence
[10]. However, such studies can still be used in developing
recommendations if systematically researched and graded
appropriately [11]. In addition, evidence obtained for a public
health intervention in one countrymay not be fully applicable
to another setting, as public health interventions are strongly
dependent not only on the epidemiological context but also
on cultural and economic context of countries in which they
are implemented.

Here we share our experience and lessons learned in
using different types and quality of evidence to develop
guidance on the public health management of IMD for
European countries within a short time period using GRADE
methodology. The aim of this guidance, available on the
ECDC website, was to assist countries across Europe in
making decisions about appropriate measures to control and
prevent IMD in contacts of cases at national and subnational
levels [12].

2. Description of the Process

We adapted existing methods for producing evidence-based
guidelines to dealwith the short time frame and the scarcity of
direct evidence (see Section 2.12) [10, 13–17]. The main steps
are described below.

2.1. Setting Up Expert Groups. We set up a consortium
of national experts: four in the area of epidemiology and
public health surveillance and one in the area of micro-
biology of meningococcal disease. The consortium mem-
bers represented five EU countries, previously involved in
the assessment of national practices for IMD management
across the European Union [6]. The consortium identified
research questions, developed protocols, identified, assessed,
and graded evidence, and formulated and graded recommen-
dations. This work was contracted for completion within 6

months, had a budget of 20,000 Euros, and was conducted
through two face-to-face meetings, three teleconferences,
and close to 500 e-mail exchanges. Each member of the
expert group completed a declaration of potential conflict of
interests.

The consortium identified other national epidemiologists
and microbiologists working with meningococcal disease
from all EU countries through two established European
networks (the European Meningococcal Disease Society and
the ECDC European Invasive Bacterial Diseases Surveillance
Network). These EU experts were asked to provide any
related grey literature and technical advice during the process.
Additionally, the consortium consulted two patient group
networks, both based in the United Kingdom, on patient-
related values and preferences.

2.2. Defining the Area of Guidance and Formulating the
Research Questions. The consortium defined research ques-
tions for guidance focused on the prevention of subsequent
cases following sporadic cases of IMD and based on the
needs identified through two previous surveys among public
health representatives of EU countries [6, 18]. Five research
questions for evidence assessment are discussed in this paper.
A summary of the evidence and recommendations for all
research questions can be found in the ECDC guidance [12].

Research Questions for Evidence Assessment

(A) What is the effectiveness of chemoprophylaxis to
a case of IMD before discharge from hospital in
preventing further cases of IMD?

(B) What is the effectiveness of chemoprophylaxis to
household contacts of an IMD case in preventing
further cases?

(C) What is the effectiveness of chemoprophylaxis to
contacts of an IMD case in pre-school and school
settings in preventing further cases?

(D) What is the effectiveness of chemoprophylaxis to
those sharing the same transport vehicle as an IMD
case in preventing further cases?

(E) Which antibiotic regimes are most effective in eradi-
cating carriage among adults, children and pregnant
women?

2.3. Defining the Methodology. We opted for GRADE (Grad-
ing of Recommendations Assessment, Development, and
Evaluation) methodology to assess evidence and produce
guidance; we used the GRADE guidance available at the time
of this study (2008-09) [14, 17, 19]. GRADEnot only considers
the balance between the benefits and harm and the quality
of evidence but also includes additional factors on which to
base recommendations, such as burden of the intervention
on the patient, patients’ values and preferences, and resource
implications, which were not addressed by a number of
other grading systems. GRADE also provides clear criteria to
qualify the strength of a recommendation. AlthoughGRADE
has been considered by some as being too resource intensive



BioMed Research International 3

and difficult to apply in public health guidance, especially
under time constraint and when evidence is limited [20], it
is recognized by others to provide a systematic approach,
promote dialogue, and ensure documentation of the process
that leads to a given recommendation [21, 22]. This makes
decision-making more transparent. We referred to previ-
ous experience reported in two World Health Organization
(WHO) publications on rapid advice guidelines that made
use of GRADE methodology and to Cochrane guideline for
public health interventions [14, 15, 23].

The consortium developed protocols, templates, and
checklists for screening abstracts/papers retrieved in the
literature searches to ensure a homogenous process across
the research questions and across reviewers. The process was
also reviewed against the criteria for guideline development
as defined by the AGREE collaboration [16].

2.4. Search Strategy and Selection Criteria for Systematic
Reviews. When defining the most suitable terms for the
population, intervention, comparison, and outcome (PICO)
to define our research questions for the search strategy
(see examples in Table 1) [15], we took into account prior
knowledge and a preassessment of the literature. Our pre-
assessment suggested that measurements of direct outcomes
would not be available for several research questions due to
the low incidence of IMD. For these questions, we defined and
included proxy outcomes in our search strategy (see examples
below Section 2.5).

We defined inclusion and exclusion criteria for selecting
studies, applied to each research question. All European
languages were included to avoid publication biases. As most
of our studied interventions either were standard clinical
practice or involved rare outcomes, clinical trials had not
been conducted for ethical or logistical reasons. We thus did
not limit inclusion to experimental studies but also included
observational studies that involved comparison groups and
case series with at least 10 cases.

We searched MEDLINE, Embase, Global Health, the
Cochrane database of systematic reviews, and the Cochrane
central register of controlled trials. The search terms for
each question were agreed by at least two members of the
consortium. Due to the short time frame, we applied some
of the strategies previously used in rapid reviews by limiting
the search to the period from January 1990 to the date of
the literature search (December 2008) and giving priority
to systematic reviews [24]. If a relevant systematic review
was identified, we only considered abstracts published from
the date of search for the last review up to the end of
2008. If no relevant review was identified, we screened all
abstracts published from 1990 to 2008. We reviewed full
papers of abstracts identified as relevant. One reviewer only
was involved in reviewing abstracts and full papers of each
research question due to time constraints. In case of doubts,
ad hoc opinion of a second reviewer was requested.

We examined reference lists of the selected papers for
other relevant publications and searched Google Scholar
for citations of identified key papers. For instance, for the
research question on effectiveness of antibiotic regimens

(Question E), we found a nonindexed but peer reviewed trial
on antibiotic prophylaxis by using Google Scholar, though
this study had not been retrieved by a previous Cochrane
systematic review [25].

2.5. Use of Indirect Evidence. As studies measuring direct
evidence on outcomes could not be found in four of the five
research questions discussed in this paper, we defined and
searched for indirect evidence on outcomes. For example, the
relevant direct outcome for the question on the effectiveness
of chemoprophylaxis before hospital discharge in preventing
further cases among contacts (Question A) would be the
incidence of subsequent cases in household contacts of the
IMD patients who received antibiotics prior to discharge
from hospital. A prior systematic review did not identify
relevant studies measuring this outcome but showed that
eradicating nasopharyngeal carriage in household contacts
reduced the risk of further cases [7]. We thus searched
for data on the proxy outcome, that is, the prevalence of
meningococcal carriage in discharged patients (Table 1).

We also did not find direct evidence on the research
question regarding whether chemoprophylaxis of contacts in
school settings would prevent further cases (Question C).
However, we obtained indirect evidence by comparing the
risk of subsequent cases in school contacts (not receiving
chemoprophylaxis) with the background incidence rates of
IMD in the relevant population [26].

Even when the literature search provided direct evi-
dence on the benefits of an intervention (e.g., effectiveness
in preventing secondary cases), the evidence was often
insufficient on its harm. In particular, direct evidence on
the adverse events of antibiotics administered as chemo-
prophylaxis (Question E) was insufficient, but we found
and reviewed indirect evidence on adverse events of these
antibiotics when administered for indications other than
chemoprophylaxis (e.g., ciprofloxacin used in cystic fibrosis).

2.6. Analysis of Extracted Data. We extracted and summa-
rized the evidence on benefits and harm and prepared evi-
dence profiles. When possible, we pooled estimates retrieved
from selected studies. For instance, forQuestion B on chemo-
prophylaxis for household contacts, we extracted results
from a recent study published after a systematic review and
analysed these together with the three former studies from
the review [7, 27–29]. As the results of the four studies were
statistically homogeneous, we calculated a common pooled
estimate (Figure 1) [12]. In case of heterogeneity between
studies, we performed stratified analysis when possible. In
particular, analyses on the effectiveness of chemoprophylaxis
to contacts of an IMD case in preschool and school settings
(Question C) were stratified by each educational setting [26].

If the retrieved systematic reviews did not provide the
level of detail needed to calculate pooled estimates of
effectiveness or to fully answer the research questions, we
extracted the necessary data from primary studies when
appropriate. For instance, in the research question on antibi-
otic regimes for different subgroups (Question E), we identi-
fied Cochrane systematic review on antibiotics for preventing
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Figure 1: Estimate of effect of chemoprophylaxis to household
contacts following a sporadic IMD case.

meningococcal infections, but this review did not present
detailed analyses by antibiotic dosage and duration of therapy
and did not stratify estimates by subgroups such as children
and pregnant and lactating women [25]. We thus retrieved
the nine primary studies that involved different dosages,
treatment durations, and subgroups, extracted the required
data, and appraised the studies based on the full papers.

2.7. Reviewing and Grading Evidence. Evidence was classified
for all questions as either direct or indirect.We graded bodies
of evidence according to GRADE guidelines and classified
them as high, moderate, low, or very low, based on study
design and quality, inconsistency, indirectness, imprecision,
and strength of the association [17, 19]. In particular, wemade
a judgment of whether the evidence was sufficiently indirect
to warrant downgrading. For example, we downgraded the
quality of evidence for the four studies retrieved for the
research question on chemoprophylaxis for cases before
hospital discharge (Question A), as they measured a proxy
outcome, had very small study populations ranging from 14
to 51, and used different therapeutic antibiotic regimes. As
observational studies start with “low quality” evidence rating
according to GRADE [13], this led to classification of the
evidence quality to “very low.”

We found high or moderate quality evidence for only two
of the five research questions, that is, regarding chemopro-
phylaxis to household contacts (Question B) and antibiotic
regimes (Question E). Only low or very low quality of evi-
dence was found for the remaining three research questions
(Questions A, C, and D). Table 1 describes evidence review
and grading for three research questions (QuestionsA,D, and
E) for which the quality of evidence was very low (A and D)
or moderate to high (E).

2.8. Burden on Patient, Values, Preferences, and Resource
Implications. Because these factors varied across settings [21,
22], we first outlined, for each question, what should be
considered from the patients perspective as burden of the
intervention and their values and preferences and resource

implications in an EU setting. For instance, for the bur-
den of prophylactic antibiotics (Question E), we considered
for each antibiotic the potential side effects, inconvenience
(e.g., number of days of treatment) for contacts, ease of
administration, and the number of contacts needed to be
treated (where possible to calculate) to prevent one IMD
case among contacts according to each setting. We also
considered the implications of contact tracing, as this can
lead to considerable costs when, for instance, tracing close
contacts on the same aeroplane as an IMD case is required
(Question D) and may even not be feasible, for example, in
case of free seating.

We found little information in the literature on burden
of intervention perceived by patients and on their values
and preferences. We searched for alternative data sources:
for instance, information on perceived burden and values
was requested from EU experts and national IMD represen-
tatives as well as from two meningitis patient associations.
This confirmed that IMD is perceived as a severe disease
that generates a high level of anxiety, and thus prevention
measures are widely accepted, even if associated with some
level of discomfort.

2.9. Developing and Grading the Strength of Recommenda-
tions. The consortium met face-to-face to develop recom-
mendations according to GRADE, based on the quality of
evidence and the balance between the benefits and harm,
taking into account burden, values, preferences, and costs
(see examples in Table 1).

Recommendations were classified as strong or weak as
recommended by GRADE [10, 14, 17]. The GRADE guid-
ance available at the time of developing this guidance did
not provide an objective method for assessing the balance
between benefit, harm, burden, values, and costs [13, 17]. We
decided that the entire consortium should participate and
agree on this appraisal process and we included advice of two
patients’ groups regarding values and preferences related to
the recommendations. Based on these criteria, four strong
and five weak recommendations for intervention were made
for the five research questions. Strong recommendationswere
made not only in relation to two research questions with
moderate to high quality of evidence (Questions B and E) but
also in relation to one research question with very low quality
of evidence (Question A). The weak recommendations for
or against intervention referred not only to two research
questions with low or very low quality of evidence (Questions
C andD) but also to two aspects of one research questionwith
moderate quality of evidence (Question E).

The strong recommendation for which the quality of
evidence on the benefit was very low was related to the
research question on chemoprophylaxis of IMD cases before
hospital discharge (Question A). Despite the very low quality
evidence on the benefits, the consortium considered that
harm, cost, burden, and values were strongly in favour of the
intervention: the low cost of the intervention, the low number
of patients not treated with an eradicating antibiotic regimen
prior to discharge, and the potential benefit in reducing
risk from a life-threatening disease were balanced against
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limited harm from antibiotics (Table 1). In general, higher
quality evidence is more likely to be associated with strong
recommendations than lower quality evidence [11]. How-
ever, the GRADE methodology indicates that a particular
quality of evidence does not imply a particular strength of
recommendation. A number of public health guidances and
GRADE clinical guidelines issued strong recommendations
in the face of a very low quality of evidence [11, 13, 14,
23, 30]. WHO also considers that strong recommendations
can be made despite low or very low quality evidence in
specific circumstances, as it is the net result of all relevant
factors that are important [21]. For instance, WHO rapid
advice guidelines for management of sporadic human infec-
tion with avian influenza A (H5N1) virus made a strong
recommendation to treat H5N1 patients with oseltamivir,
although the quality of the underlying evidence was rated
as very low in part because of the severity of the disease
[23]. A recent review highlighted that over than half (55%)
of strong recommendations in WHO guidelines were based
on low or very low confidence in effect estimates [30]. A
GRADE guidance published after our review describes five
situations in which a strong recommendation is warranted
despite low or very low confidence in effect estimates [31].The
most relevant to our review was “when low quality evidence
suggests benefit in a life-threatening situation,” as all of
our recommendations aimed at preventing a life-threatening
invasive infection.

Consensus on the recommendations and grading of their
strengthwas difficult to reach regarding chemoprophylaxis in
day care settings (Question C). Here, the quality of evidence
was low, and divergent recommendations were in place in
the consortium members’ native countries. Thus each expert
was probably influenced by his/her existing national policy.
This highlighted that recommendations are built not only on
rigorous scientific reviews but also on expert interpretation
and judgment of the evidence. An advantage of the GRADE
approach is to promote useful dialogue and ensure trans-
parency by making these value judgments explicit [17, 21].

We involved stakeholders and potential users of the
guidance in the final steps. As our aim was to produce
guidance that could be adapted to the needs of different EU
countries, the draft document was circulated through EU
experts and patient groups and reviewed by representatives
of EU countries in the ECDC Advisory Forum.The feedback
from ECDC and EU experts on the draft report allowed
useful additions to the guidance [12]. For instance, we added
recommendations on use of antibiotics by lactating women
on request from representatives from a patient association.

2.10. Implications for Practice. We described how the guid-
ance would potentially change current practice in EU coun-
tries. For instance, for the research question (E) on effective-
ness of antibiotic regimens in IMD prophylaxis, we described
what policy changes would be required and potential obsta-
cles to the implementation of this guidance in a EU setting,
based on whether the intervention or the specific drug is
available and whether the recommended regimen differs
from those currently recommended. In particular, some

effective dosages did not correspond to recommendations
and formulations available in EU countries andwould require
a change in current guidance. For instance, high quality
evidence was available for the effectiveness of a single dose
of 750mg ciprofloxacin for the eradication of meningococcal
carriage. However, inmany countries, ciprofloxacin is recom-
mended as a 500mg single dose, although the effectiveness of
this lower dosage has not been assessed in a controlled trial.

2.11. Strengths of the Process. The guidance was successfully
completedwithin sixmonths andwas approved and endorsed
by ECDC in 2010 [12]. The GRADE approach allowed
transparent judgments on the quality of evidence and the
formulation of recommendations. Our process met most
of the criteria for guideline development as defined by the
AGREE collaboration (2003 version) [16]. We complied with
the following criteria: definition of the scope and purpose,
stakeholder involvement, rigor of development, clarity and
presentation, application, and editorial independence. On
the other hand, our review process did not fulfil criteria
pertaining to tools for application and audit.

An advantage of GRADE process in developing public
health recommendations is the integrated appraisal of related
values, preferences, burden to the patient, and resource
implications in addition to quality of evidence and the
balance between benefits and harm. Based on GRADE 2004–
08 guidance, we made strong recommendations for some
areas in which the quality of evidence was low or very
low. The long deliberations often required to arrive at final
agreement of recommendations were facilitated by frequent
communication, mainly by e-mail. It should be noted that
GRADEwork published later provides a systematic approach
by describing circumstances in which a strong recommen-
dation is warranted despite low or very low confidence in
effect estimates, but these were not available at the time of
developing our guidance [30, 31].

The influence of national policies on the judgment of each
consortiumexpert to formulate recommendations (described
above) was dealt with by explicitly discussing each recom-
mendation in the entire group. One advantage of having
experts from five EU countries in the consortium was also
that they had knowledge of current practices and health
systems when considering implications for practice of the
guidance.

The development of this guidance led to the identification
of areas of uncertainty and research gaps, and we identified
priorities for further research in each area. It was also a unique
opportunity to progress towards common European health
policy. Divergent health policies may cause confusion among
the public and the media. The most objective argument
for common health policies consists of a systematic and
transparent search for and evaluation of available evidence.
In 2013, we evaluated the impact of this guidance on the
recommendations for public health management of IMD in
European countries and found out that 90% of the 31 EU
countries or regions found it useful at the national level and
that 50% used it to update their national guidelines within the
three years following the publication of the guidance [32].
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WHO adopted a very similar process for developing
evidence-based immunization recommendations, published
after we initiated this work [21]. Immunization is an area of
public health prevention in which the evidence may also be
indirect (e.g., immunological surrogate for clinical efficacy)
as in our example. GRADE was selected by WHO because
it improves transparency in decision-making, promotes dia-
logue, and provides opportunities to reassess the evidence as
required [21].

2.12. Limitations of the Process. The consortium included
mostly experts in epidemiology and microbiology. It could
have benefited from including clinical experts and members
of patient organization groups, but the short time frame was
already challenging for finalizing the project.

The limited time (6 months) and available resources
imply that our literature reviews could notmeet the standards
of a full systematic review. In addition, we could not cover all
aspects of IMD public health management.

Indeed, the comprehensive application of the GRADE
methodology including exhaustive systematic reviews may
require substantial resources and more time is often required
for rigorous development of guidelines [24]. Thus, in this
project, we applied some strategies of rapid reviews, such
as focusing on existing systematic reviews, having only one
expert for evidence reviews, and limiting the search period
[24]. These may have introduced biases in the selection and
appraisal of studies [24]. However, we enhanced our searches
through inclusion of older studies, searching manually the
references of retrieved studies, not restricting literature
search by language or database, and asking experts for
unpublished data and potentially missed studies. Addition-
ally, though our initial search focused on updating systematic
reviews, we nonetheless retrieved relevant primary studies
to extract all relevant data, if they were not provided in the
systematic reviews. Some authors have suggested that when
the timeframe is limited, combination of electronic searching,
hand searching of relevant reference lists, and consultation
with experts on potentially missed articles may provide
the most comprehensive results [24]. In this regard, WHO
publication on rapid advice guideline—that met similar time
constraints—was a particularly useful reference in helping us
to ensure transparency of the process [14]. It is likely that the
specialist expertise of those performing the review as well as
input from other EU experts minimized the risk that relevant
studies would be missed [24].

We relied mostly on systematic reviews (including one
Cochrane review) for the quality appraisal of individual
studies for Questions B and E [7, 25], but these described
the risk of biases and not the other GRADE criteria for
assigning grades of evidence [11]. In particular we did not
fully appraise bodies of evidence for each outcome for
imprecision, also due to limited instructions in the GRADE
guidance available in 2008 [17]. New guidance published after
our review describes each criterion for appraising evidence
more explicitly, including imprecision [33], allowing further
downgrading for indirectness, imprecision, and reporting
bias [11]. We also did not explicitly define which outcomes
were critical to a decision and which ones were important for

grading overall quality of evidence [24, 34]. It is likely that
the strict application of the newer GRADE guidance could
have led to further downgrading of the quality of evidence for
some of our outcomes, although this may not have changed
our recommendations.

As explained above, one of the challengeswas that we only
found a low quality of evidence (according to GRADE) in
most areas, as evidence from RCTs was only available on the
effectiveness of antibiotic regimes in eradicating carriage.

The GRADE guidance required defining the burden of
the intervention to the patient as well as patients’ values,
preferences, and resource implications to aid in the develop-
ment of recommendations. However, the GRADE guidance
available at the time of developing these recommendations
did not provide a methodology to collect and appraise the
evidence in these areas. We found scarce information in the
literature on the burden, values, and preferences surrounding
interventions and limited data on cost in a few countries, and
these may differ across countries. Although we questioned
EU representatives and twoUK-basedmeningococcal patient
organizations, a representative survey of patients across
Europe would be required for obtaining sound and repre-
sentative evidence. However, we did not have the resources
to initiate a multinational public survey on these issues. Fur-
thermore, the GRADE guidance did not standardize how the
data on burden and values should affect the recommendation;
this is left to deliberation on the part of the decision-making
group and has been criticized as a weakness of the GRADE
process [20]. The updated GRADE guidance also provides a
more structured way to incorporate values and preferences in
the development of recommendations [31].

3. Conclusions

We developed evidence-based guidance on the public health
management of meningococcal disease for EU countries in
a short time frame and with limited resources. A number of
recommendations in this guidance were based on a low qual-
ity of sometimes indirect evidence due to the impracticability
of conducting clinical trials on interventions for outcomes
that are rare or that have become standard practice. However,
the recommendations were generated systematically and
transparently, following GRADE and AGREE standards.This
approach, that explicitly integrates additional criteria with
the quality of evidence, can be usefully applied to the many
areas of public health policy in which quality of evidence is
often low or indirect. A recent survey of European countries
showed that the majority found the guidance based on this
process useful, about half had used the guidance to update
their national recommendations, and a higher proportion of
countries since 2013 compared to that in 2007 recommended
evidence-basedmeasures for IMDpublic healthmanagement
[32].
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This paper describes and demonstrates the use of the systematic planning process, Intervention Mapping, to adapt an evidence-
based public health intervention (EBI). We used a simplified version of Intervention Mapping (IM Adapt) to increase an
intervention’s fit with a new setting and population. IM Adapt guides researchers and practitioners in selecting an EBI, making
decisions about whether and what to adapt, and executing the adaptation while guarding the EBI’s essential elements (those
responsible for effectiveness).We present a case study of a project inwhichwe used IMAdapt to find, adapt, implement, and evaluate
an EBI to improve mammography adherence for African American women in a new practice setting in Houston, Texas. IM Adapt
includes the following (1) assess needs and organizational capacity; (2) find EBIs; (3) plan adaptations based on fit assessments; (4)
make adaptations; (5) plan for implementation; and (6) plan for evaluation of the adapted EBI. The case study shows an example
of how public health researchers and practitioners can use the tool to make it easier to find and use EBIs, thus encouraging greater
uptake. IM Adapt adds to existing dissemination and adaptation models by providing detailed guidance on how to decide on
effective adaptation, while maintaining the essential elements of the EBI.

1. Background

Using evidence-based interventions (EBIs) to improve the
health of the public improves the likelihood of program effec-
tiveness and saves resources used in “reinventing the wheel”
to address a particular health problem [1]. An evidence-
based intervention (EBI) (including programs, policies, or
practices) is one that has been shown to be effective through
the application of sound scientific testing. Population impact
on health is determined not only by the effectiveness of
specific interventions, but also by how widely they are used.
Governments have worked to improve opportunities for
scale-up of EBIs. Nevertheless, uptake of EBIs is less than
optimal and barriers to use are significant [2–4].

Challenges to using EBIs in practice include finding EBIs
and their materials and deciding whether and how to adapt

for a new setting. Planners need to assure a good match
between the EBI and the new setting’s capacity, health prob-
lem, context, and the at risk population [5, 6]. Furthermore,
practitioners need to carefully consider whether to make
changes in an EBI. Even small adaptations in the EBI are
not trivial since adaptations may harm essential elements
(also known as core elements or active ingredients) thatmade
the EBI effective. Therefore, when adaptation is necessary
to improve program fit, planners must determine not only
whether or not a program works, but also which essential
elements make the program successful [7, 8]. Unfortunately,
program evaluations rarely report on which features of a pro-
gram constitute these “essential elements.” Because separate
intervention elements are not usually tested independently,
new users may not be able to identify and thereafter protect
essential elements [9].
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If planners find an EBI with reasonable fit, but decide
adaptation is needed, a systematic approach can help them
retain the balance between fidelity to original programdesign
and adaptation to improve fit [7, 10–13]. For example, Lee
and colleagues assess differences between the new population
and the original population, execute content adaptation and
pretesting, and plan an evaluation of an adapted EBI. Van
Deale and colleagues [13] present a framework for a high
level of community involvement to implement the essential
elements of a program with fidelity while still allowing for
adaptation to fit the needs of the new population or setting.
The authors also advise planners to use InterventionMapping
as a way of identifying and articulating the essential elements
of a program that should be maintained and implemented
with fidelity. Intervention Mapping provides a systematic
approach that adds detailed “how tos” to existing frame-
works.

In this report, we describe InterventionMapping to adapt
EBIs for use in practice (IM Adapt) and present a case study
that used Intervention Mapping to find, adapt, implement,
and evaluate an EBI. We used this systematic approach
in a community-based project to improve mammography
rates for African American women in a mobile mammog-
raphy practice setting in Houston, Texas [14]. Epidemiologic
research has shown that African American women are less
likely to usemammography screening [15–17] andmore likely
to miss scheduled mammography appointments [18] and to
be diagnosed at a later stage of breast cancer [18] than their
Caucasian counterparts.

2. Methods

2.1. Case Study. In the project we found, adapted, imple-
mented, and evaluated an EBI to help underserved African
American women in Houston, Texas, keep appointments for
mammography screening. The needs assessment and basic
program search are described elsewhere [19], as are the
evaluation results [20]. The largest mobile mammography
provider in the Houston area served as the new implemen-
tation setting.

2.2. IM Adapt: Intervention Mapping for Adaptation. For
this community project we used a modified version of
Intervention Mapping to guide the steps and tasks for
adapting and implementing an evidence-based program [21–
23]. Intervention Mapping is a systematic approach for
developing theory- and evidence-based health promotion
interventions that consists of six steps. Figure 1 presents
a simplification of Intervention Mapping to help planners
compare candidate EBIs to their community program needs
and adapt when necessary [23, 24]. From an Intervention
Mapping perspective, systematic adaptation requires that
planners make adaptation decisions by comparing the logic
of change in the EBI with the needs of the new community.
Planners should only make changes that correspond with
mismatches between the EBI and community needs.

The case study applied the steps of IM Adapt: (1) conduct
a needs assessment and assess organizational capacity; (2)

search for EBIs; (3) assess fit and plan adaptations; (4) make
adaptations; (5) plan for implementation; and (6) plan for
evaluation with a focus on changes to the EBI (see Figure 1).

Step 1 (conduct a needs assessment and assess organizational
capacity). The first step of adapting an EBI following IM
Adapt is to fully understand the health problem in the new
site. The planning group completes four tasks: (1A) assess
organizational capacity; (1B) conduct a needs assessment
and develop a logic model of the problem; (1C) develop
a logic model of change; and (1D) write program goals
for expected outcomes from implementing the EBI at the
new site. The logic model of the problem illustrates how
risk behaviors and environmental factors are causally related
to the health problem. Following the creation of the logic
model of the problem, planners transit to a logic model
of change to describe desired change. Planners show how
theory-based change methods are proposed to influence first
the determinants of behavior and environment, then the
behavior and environmental factors, and finally the health
problem and quality of life.

Step 2 (search for EBIs). The second step involves two tasks:
(2A) search for an EBI and (2B) judge basic fit to identify
interventions to review in more detail in Step 3. Basic fit is an
initial assessment of how well an intervention tested in one
setting might fit the needs and resources in another setting.

In general, planners would first be looking for an EBI
described in a web-based database of interventions [25,
26]. Planners may want to review websites with evidence-
based strategies derived from systematic reviews to gain a
broad view of effective interventions. Since these usually
provide descriptions of general approaches (e.g., one on one
education), these may require more effort to obtain specific
interventions and materials [27–29].

To judge basic fit of the EBIs identified, the planner
considers whether the focus of the EBI matches the health
problem, behaviors, environmental conditions, organiza-
tional resources, and characteristics of the population in the
new setting or community. Planners may not need to reject
an EBI immediately if the population for the original EBI is
not the same as that in the new site. Different populations
or subpopulations might have sufficient characteristics in
common that carrying the EBI forward to the next stepwould
still be worthwhile. Furthermore, it is strongly recommended
to develop organizational capacity rather than cutting an EBI
component.

Step 3 (assess fit and plan adaptations). With thematerials for
each candidate EBI in hand, the tasks for the third step are to
(3A) judge how well the candidate EBI fits the desired behav-
ioral and environmental conditions from the community’s
logic model of change; (3B) judge whether the determinants
of behavior and environmental conditions and the change
methods used to influence them in the original EBI are
adequate in the new setting; (3C) judge how well original
delivery, design features, and cultural elements fit the new
setting and population; (3D) judge the fit of implementation
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Step 2: search for EBIs
(A) Search for EBIs to address the health problem/risk behavior/environmental factor
(B) Judge basic fit to health problem, behavior, priority population, and organizational capacity 

Step 1: needs assessment, organizational capacity, and logic models
(A) Describe organizational capacities and goals
(B) Conduct a needs assessment to describe the health/behavior problems and develop a

(C) Develop a logic model of change
(D) Write program goals

logic model of the problem

Candidate programs available If no EBI is available

Step 3: assess (detailed) fit and plan adaptations 
(A) Judge behavioral and environmental fit and list adaptations 
(B) Judge determinants and change methods fit and list adaptations
(C) Judge delivery and design and cultural fit and list adaptations
(D) Judge implementation fit and list adaptations
(E) Identify essential elements of the selected intervention and how to retain them

Move to 
program 
planning

Step 4: make adaptations 
(A) Prepare design documents for adaptation
(B) Pretest adapted materials
(C) Produce final adaptations

If implementation 
protocol is available 

Replication, if no
adaptation needed

Step 5: plan for implementation
(A) Identify implementers, implementation behaviors, and outcomes
(B) Develop implementation scope, sequence, and instructions
(C) Plan activities to motivate and train for implementation
(D) Plan logistics including budget, staffing, and materials

Step 6: plan for evaluation (focus on adaptations) 
(A) Use logic model to write evaluation questions 
(B) Choose indicators and measures
(C) Choose evaluation design
(D) Plan data collection, analysis, and reporting

Program chosen 

Figure 1: The IM Adapt Framework to adapt evidence-based interventions for use in practice.

strategies to the new setting; and (3E) consider which EBI
elements are essential and decide how to retain them. If the
original logic model of change and theoretical grounding are
not published, planners have to work backwards from avail-
able intervention materials to try to figure out what change
methods were used, which determinants were addressed,
and which behaviors and environmental conditions were
promoted. In addition, planners can contact the original EBI
developers to obtain more information about the logic of the
original EBI. Based on these assessments, planners can make
a grounded selection of one EBI, and they will have a to do
list of what to adapt and ideas about how to adapt. Planners
should remember that less adaptation saves resources and
protects an evidence-based intervention from changes that
may make it less effective.

Step 4 (modify materials and activities). The tasks of the
fourth step are the following: (4A) prepare design documents

for the adaptations and drafting changes; (4B) pretest the
adapted materials; and (4C) produce final adapted materials.
Design documents provide detailed descriptions of planned
changes, link the change to their location in the EBImaterials,
and provide an outline of messages. If proposed adaptations
include the addition of behaviors, environmental conditions,
determinants, and change methods, then planners can create
a separate matrix of change objectives with the behavior
or environmental condition being targeted and its deter-
minants. This matrix arrangement is described in literature
about Intervention Mapping [21, 24]. IM Adapt recommends
planners make sure not to make unintended changes to the
logic model of the EBI when making adaptations or revising
adaptations based on pretest outcomes.

Step 5 (plan for implementation). Thefifth step consists of the
following tasks: (5A) identify implementers, implementation
behaviors, and outcomes; (5B) develop implementation and
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maintenance scope, sequence, and instructions; (5C) plan
activities to motivate and train implementers; and (5D)
plan logistics including budget, staffing, and materials. Plan-
ners compare the implementation protocol of the EBI, if
available, to implementation considerations and constraints
for the new site to create a revised protocol. Adaptations
that resulted in modifications to the program components
or delivery may require a different way to implement the
modified EBI. The new implementation plan should include
expected implementation outcomes—delivered to whom?
when? howmuch?—and list the persons who will implement
the program and how (required implementation steps or
behaviors). Next, planners specify how much of the EBI
will be implemented in what sequence over what period
of time and write explicit instructions for new program
implementers to bring that into action. Planners explore
determinants of implementation and the change methods
and practical applications that would influence them.Usually,
for implementation, these change methods are woven into
trainings, consultation, and technical support activities [30].

Step 6 (plan for evaluation). In the sixth step, planners
(6A) write evaluation questions; (6B) choose indicators and
measures; (6C) choose the evaluation design; and (6D) plan
data collection, analysis, and reporting. The purpose of
evaluating an adapted EBI is to determine whether the inter-
vention achieves outcomes in the new setting comparable
with outcomes in the original evaluation (“effect evaluation”)
and whether the new setting can successfully implement
the adapted EBI (e.g., by measuring reach and fidelity).
Evaluation questions for adapted EBIs can be borrowed
from the original EBI evaluation. If the target behavior or
environmental condition has been adapted, the indicators
and measures must match the new logic model.

3. Results: Case Study

Step 1: Organizational Capacity, Needs Assessment, and
Logic Models

(1A) Organizational Capacity. A local hospital-based charity
organization (the Charities) initiated the planning for the
project. The Charities proposed to find an evidence-based
program to reduce the no-show rate for appointments made
at mobile mammography sites with primarily African Amer-
ican women. The planning team included representatives
from the lead agency research arm, breast cancer provider
organizations, the local Breast Health Collaborative (an
organization to establish linkages between organizations with
breast health missions), and the local school of public health.
All partners hadmissions that encompassed improving breast
health in the Houston area. The researchers from the school
of public health and the Charities also had a commitment to
using and evaluating evidence-based programs.

(1B) Needs Assessment and Logic Model of the Problem. The
planning group conducted a needs assessment to exam-
ine barriers to mammography screening and appointment
keeping among African American women in Houston. We

present a brief summary of the assessment outcomes here,
with a detailed description of methods and results previously
published [14].

Research suggests that recent reductions in breast cancer
mortality are related to early detection (mammography) and
enhanced cancer treatment [31]. However, African American
women are less likely to schedule and attend mammography
screening, with appointment no-show rates in some sites of
30–50% [15–18, 31–33]. Local women described the following
barriers to appointment keeping: (1) fear of the outcome (it
will be cancer); (2) competing demands (taking care of every-
one but myself); (3) logistical barriers, such as insurance,
cost, and transportation; (4) fear of partner abandonment if
mastectomy results (loss of womanhood); (5) lack of educa-
tion (nobody talks about mammography/breast cancer); (6)
fear the mammogram would hurt; and (7) no need for a
mammogram because their faith would protect them from
cancer. Next, the planning group organized the data from
the needs assessment in a logic model of the problem. The
planning group focused on failure to keep mammography
appointments.They then included all of the information from
the community data collection as determinants of the lack of
mammograms.

(1C-D) Logic Model of Change and Intervention Goal. Next,
the planning group converted the logic model of the problem
to a logic model of change to create the foundation for
comparing EBIs to the intervention needs in the community
(see Figure 2).Themodel focused on the behaviors of African
American women because the environmental factors (i.e.,
access to treatment options and access to primary care) were
not changeable in the scope of this project.The group worked
from the list of local barriers to create categories of counter
arguments to barriers by theoretical constructs. The barriers
and counter arguments could be summarizedwith the follow-
ing Social CognitiveTheory [34] constructs: knowledge, out-
come expectations, modeling/vicarious reinforcement, skills,
and self-efficacy. For example, negative outcome expectations
such as “a diagnosis of breast cancer leads to death” could be
countered by “early detection can lead to treatment and cure”
and low self-efficacy such as “logistical problems of caring for
others make mammography impossible for me to do” could
be countered by “I can use the problem solving skills I use
for other problems.”These theoretical category labels did not
replace the natural language used by the women to describe
barriers. The group completed the logic model of change by
adding theory- and evidence-based change methods that are
suited to influencing outcome expectations, self-efficacy, and
the other determinants withmethods such as persuasion, role
model stories, culturally congruent role models, and guided
practice for problem solving. Based on Step 1, the group
set the goal to decrease missed appointments of low-income
African American women by 20% in the first year of program
implementation.

Step 2: Finding an Evidence-Based Intervention

(2A) Searching for an EBI. To increase the number of
possible interventions found, the planning group searched



BioMed Research International 5

Determinants 

Outcome expectations: related to
barriers identified by the local women

Knowledge: related to financing/money 
for treatment; relation between early 
diagnosis and breast conservation and 
misconceptions leading to barriers 

Modeling/vicarious reinforcement:
related to how other women in the 
community handle barriers 

Skills and self-efficacy: regarding 
problem solving and logistics planning 
(time off work; transportation;
child or other care responsibilities; 
money)

Stage of change: making sure appointed
women are in preparation

Behavior
Keep scheduled 
mammogram 
appointment 

Theory- and evidence-based 
change methods 
Role modeling: use quotations from 
community women discussing coping 
with barriers 
Problem solving: plan with navigator
to cope with logistical barriers
Information dissemination: correct 
misinformation related to identified 
barriers 
Persuasion: by culturally congruent
navigator
Message matching to stage of change:
initial message to either 
preparation/action or
precontemplation/contemplation 

Figure 2: Case study logic model of change.

for EBIs focused on improving adherence to mammograms
in African American women rather than more narrowly on
appointment keeping. Prior to searching, they reviewed the
Community Guide [28] to understand the types of strategies
recommended to improve mammography screening. The
team then searched for a full intervention (one with both
description and available materials) using RTIPs [14, 26].
The group found four potential candidate programs [14]. The
team then performed a second search of databases of peer
reviewed studies to find reports of the original evaluations
conducted on the EBIs they had located.

(2B) Assessing Basic Fit. Using the peer reviewed articles that
described the programs and their evaluations, the planning
group assessed basic fit: Was the health promoting behavior
the same as for the new community?Could the organizational
capacity support the program? Was the program acceptable
for the risk group in the new community? All of the programs
fit with the goal of encouraging mammography, but no
programs focused explicitly on the behavior of appointment
keeping. Therefore, the group recognized that the behavioral
focus had to be specified no matter which of the four
candidate programs they would work with [35–38]. All of
the programs targeted either multiple ethnicities or African
American women and any of them might be a basic fit to the
priority population. No matter the final program chosen, the
planning teamwould need to adapt it by integrating the infor-
mation from African American women about local barriers,
the way they feel about and talk about mammography, and
their screening intentions. The planners selected a telephone
counseling program after considering program fit with the
implementation capacity of the clinical partner [35]. Other
programs including community, church, and home visiting
programs were outside of the Charities’ mission, scope, and
resources.

Step 3: Assess [Detailed] Fit and Plan Adaptations. To judge
detailed fit and plan adaptations, the planning group obtained
the program manual from the original developers (available
on RTIPs). The manual contained instructions and scripts
for the telephone counselors to address barriers. The team
reviewed each type of fit and noted planned changes on an
adaptation “to do list” (see Table 1).

(3A) Behavioral Fit. Referencing their logic model of change,
the group described adaptations required to change the
behavioral focus from getting a mammogram in general to
appointment keeping for women who already had appoint-
ments scheduled.

(3B) Determinants and Change Methods. While judging the
EBI’s change methods and determinants, the planning group
thought that several additions should be made to the scripts.
The group members could discern how the original program
guided the telephone counselor to ascertain a woman’s stage
of change, but they were unclear about how the counselors
matched change methods to stages. Therefore, the planning
group decided to assess only two stage categories (precontem-
plation/contemplation and preparation/action) as measured
by women’s certainty that they would keep their appoint-
ments and then match dialogue to the stage. For example, if
a woman seemed unsure (precontemplation/contemplation),
the telephone counselor would explore intensively for barri-
ers. Additionally, the planners were unclear from the manual
about which determinants were targeted and recommended
that Social CognitiveTheory constructs of self-efficacy, skills,
and outcome expectations be added with matching change
methods of persuasion, cultural congruence, role modeling,
and problem solving. Finally, the group found in themanual a
comprehensive list of barriers, but barriers were addressed as
ifmost beliefs could be remedied by provision of information.
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Table 1: Adaptation “to do list” for telephone counseling program.

Breast Cancer Screening Among Nonadherent Women
Fit category Adaptation ideas
Behaviors from logic model of change
Adherence to mammography

Change behavior to “appointment keeping” rather than general
mammogram

Environmental conditions from logic model of change No change

Change methods (with determinants) for at risk group:
Information dissemination (barriers)
Staging (but does not seem closely related to change methods
beyond information)

Role modeling: quotations from women in the community regarding
barriers
Problem solving: regarding logistical barriers
Information dissemination: correcting misinformation
Persuasion: by culturally congruent navigator
Message matching to stage of change: initial message to either
preparation/action or precontemplation/contemplation

Change methods (with determinants) for environmental agents Not applicable

Delivery for components, at risk group:
Telephone counseling call. Note: does not have conversational
structure comfortable for navigators to implement

Change staging question and scripts to be less research oriented and
more “real-world” navigator approach
Develop an active listening framework for barrier scripts
Retain staging but with only two classifications
(precontemplation/contemplation; preparation/action)
Editing for local idiom (ways of speaking of breast cancer and barriers)

List delivery for components, environmental agents Not applicable

List design features and cultural relevance
Barriers are general and information-based

Add barriers described by local women: perceived likelihood of no
cancer; expectation that God will protect against cancer; no money for
treatment; becoming less than a woman with the loss of a breast; fear
of losing partner; cancer being a death sentence; time only for caring
for others
Logistics: no time off work; no transportation; responsibilities caring
for a child or others; money/lack of awareness of programs that can
pay for breast cancer treatment

Describe implementation plan
Research-based; elaborate staging; unclear how script changes
based on staging; unclear transition between one barrier and
the next

Add script with conversational transitions
Add local barriers
Simplify stages
Match script to stage

The group noted that most belief change requires change
methods beyond information (i.e., role models, persuasion,
and guided practice).

(3C) Delivery Fit, Design Features, and Cultural Relevance. In
this task, the planning group considered the acceptability of
the EBI to the new population: whether the original delivery
will reach the new population, how the design of program
materials will resonate with the new participants, and how
culturally congruent the entire program will feel to users.
The planning group understood from the clinical partner
that telephone reminders were an effective way to reach the
priority population, so telephone delivery was acceptable.
The group also judged that the scripts for barriers were up-
to-date, accurate, and understandable but were not targeted
to the exact concerns of local African American women or
expressed in the ways that local women talked about their
concerns. Furthermore, the original program did not outline
an underlying communication approach; therefore the group
agreed on an active listening framework for the scripts to
maximize the connection of the navigator with the women
through listening to their concerns and validating them [39].

(3D) Implementation Fit. Implementation fit is closely related
to delivery, and the teammade several adaptations to delivery
as mentioned above. For instance, they decided to develop a
conversational script to inquire about barriers in ways that fit
with each stage category, which dealt with transitions in the
conversation, and to enable the counselor to develop rapport
with the women. However, implementation also has to do
with how the implementing agency will manage the logistics
of getting the EBI in place and maintaining it. The planning
team worked with the clinical partner to plan staff placement
and training for the telephone counseling. They also made
sure that contact information was available for women with
scheduled appointments and that data from each call and
from appointment records could be recorded and accessed
for the evaluation.

(3E) Considering Essential Elements. The planning group
considered essential elements of the counseling program.The
programwas developed over a decade ago, and the developers
were not available to answer questions. Therefore, the group
independently considered the program to decide the program
features that might have been essential to its effectiveness.
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They listed the following characteristics: (1) barrier-focused
counseling (change method), (2) telephone call delivered
by a person (rather than a computer) (delivery), and (3)
assessment of stage of change (prerequisite for matching
change methods). Looking back at their adaptation “to do
list,” they made sure that their suggestions for change did not
eliminate these essential program elements and sought only
to enhance their intensity.

Step 4: Make Adaptations

(4A) Preparing Design Documents and Adaptation Drafts.The
planning team noted the planned changes, described the
program materials and activities in which the change should
be made, and then wrote or edited messages that supported
the change. For example, the team members proposed a
foundation conversational structure based on active listening
[39]. They then wrote the script to support the change.
Another important adaptation was the addition of specific
barriers as described by local African American women in
the assessment and acknowledgement that local women had
both described each barrier and also had described strategies
for overcoming it (role model change method) (based on the
assessment and feedback from the community advisors).

(4B) Pretesting AdaptedMaterials. Once the team adapted the
program manual, it pretested the scripts with local African
Americanwomen. Fourteen pretesters worked in pairs to role
play the scripts with one woman as counselor and the other,
as patient (caller).The pretesters noted needed changes in the
scripts to make them as relevant as possible to local women.
For example, they recommended taking care not to talk about
a cancer diagnosis (and engender fear) in women simply
being prepared to undergo screening. The pretesters then
thoroughly debriefed the role plays with the entire project
team. Pretesters also strongly recommended that the calls be
made by a culturally congruent counselor.

(4C) Producing Final Adaptations. The team produced the
revised manual of barriers and foundational conversation
scripts organized in hard copy form. The hard copy format
was used for the initial implementation and evaluation of the
adapted EBI [40]. Following the initial evaluation study, the
manual was converted to computer-assisted scripts for use by
a live counselor [19].

Step 5: Plan for Implementation

(5A) Identifying Implementers, Behaviors, and Outcomes. The
mammography team found the implementation protocol for
the original program (prepared for research staff rather than
patient counselors) to be focused on assessment of stage of
change and barriers with little guidance to the implementer
about how to transition from assessment to barriers and
how to transition between barriers. The original manual was
helpful, but it was not sufficient for this new site. Therefore
the team identified implementers as patient navigators or
community health workers familiar with making reminder
calls and with identified implementation tasks or behaviors

including (1) making standard reminder calls; (2) making
protocol-driven, barrier-focused counseling calls for African
American women already appointed for a mammogram; and
(3) documenting the content of each call. Other implementers
were the clinical partner managers who would provide space
and access to appointment records for the navigator. The
partner would also provide data on patient appointment
attendance for the evaluation study. The desired implemen-
tation outcome was the completion of at least 100 EBI calls
and 100 standard reminder calls in twelve months.

(5B) Developing Scope, Sequence, and Instructions. The scope
of the adapted EBI was one call per woman.The sequence was
seen as the sequence of the call to include assessment of stage,
query regarding barriers, and solutions to barriers based on
barrier scripts. The technique for moving the conversations
forward was based on active listening [39].

(5C) Planning Activities to Motivate and Train Implementers.
The mammography team developed training to encour-
age self-efficacy, outcome expectations, and skills of the
implementers. The skills included opening, moving, and
closing conversations, establishing rapport, conducting active
listening, and addressing barriers. In the training sessions,
we explained the theory behind the program but spent the
majority of the time in the sessions conducting role play
practice with feedback.

Step 6: Plan for Evaluation with a Focus on Adaptations.
The evaluation plan sought to accomplish two aims: (1)
determine the effectiveness of the adapted EBI in improving
appointment keeping for mammography in African Amer-
ican women and (2) describe processes of implementation
of an EBI in a practice setting. For evaluation results, see
Highfield et al. in this issue [20].

(6A) Writing Evaluation Questions. We wrote the following
evaluation questions for the effectiveness evaluation: (1)What
was the effectiveness in decreasing appointment “no-show”
rates in the new setting? (2) How did the effectiveness of
the adapted EBI compare to the effectiveness of the original
EBI? The questions for implementation evaluation (process)
included the following: (1) Was the adapted EBI delivered to
the intended population (i.e., low-income African American
women with mobile mammography appointments)? (2) Did
the implementers follow the protocol (i.e., implemented with
fidelity?)? (3) What barriers were discussed in the phone
calls? (4) Did the womenwho received the adapted EBI find it
helpful and acceptable? (5) What problems occurred during
implementation of the adapted EBI?

(6B) Choosing Indicators and Measures. To measure effec-
tiveness, we obtained kept and missed appointments from
the electronic database of the clinical partner. We also
collected site of mammography, time between phone call and
appointment, age, date, and time of appointment, counselor
information, and contact information including phone num-
ber. We compared intervention phone calls to the protocol
(whether the navigator asked the staging question, used the
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barrier scripts, conducted logistical planning, and used active
listening). In addition, we interviewed randomly selected
intervention patients regarding their perceptions of the EBI
calls and systems barriers encountered.

(6C) Choosing the Evaluation Design. We used the type-
1 hybrid design to test the intervention’s effectiveness and
to gather information on the implementation [40, 41]. We
used a quasi-experimental, sequential recruitment design in
which we assigned contacted women to usual care or adapted
intervention in groups of 50 patients.

(6D) Planning Data Collection, Analysis, and Reporting. We
enrolled African American females who were aged between
35 and 64, uninsured, and had income of≤200%of the federal
poverty level (FPL) and with an upcoming appointment
for a mobile screening mammogram. We tracked all data
for the pilot either in an access database or in paper data
collection forms.We calculated descriptive statistics and then
conducted logistic regression analysis to report attendance in
the intervention group as compared to the comparison group
while controlling for potential confounders. Following the
basic analysis, we further evaluated the effectiveness of the
EBI using intent to treat analysis [41–46].

3.1. Project Outcomes and Current Status. The evaluation for
this project is completed and the results have been used to
acquire funding for a larger implementation of the adapted
EBI [19, 20]. For the evaluation results, see Highfield et al.
[20]. The effectiveness results were in the range of the results
from the original intervention evaluation and indicated
improved EBI effectiveness as a result of the systematic
adaptation process [20, 35]. The implementation evaluation
allowed us to discover problems in the initial implementation
and correct them with a change in evaluation design and
eventually in personnel.

4. Discussion

IM Adapt provides a systematic “how to” process to guide
intervention adaptation, implementation, and evaluation.
While we illustrate the approach using a mammogra-
phy appointment attendance EBI, the processes used and
described in this case study are widely applicable for the
adaptation of any EBI. Intervention Mapping has been used
worldwide to help planners develop and implement EBIs
for a variety of public health problems including cancer
prevention (cervical and breast), nutrition, parent education
to reduce violence, and asthma, to name a few [47–52]. Other
researchers and planners have used models for guiding EBI
adaptation, such as Planned Adaptation [10]. For example, in
their study of Planned Adaptation, Lee et al. noted that future
studies should explicitly consider the roles of practitioners in
participating in EBI translation. It has also been noted that,
for cancer disparities in particular, EBIs should be adopted
and tailored at the community level by partnerships that
include both researchers and practitioners, adding an addi-
tional level of complexity to the translation of these EBIs [53].
IM Adapt specifically incorporates practitioners throughout

the adaptation process and gives them a structured role
through the planning team.

Additionally, Lee et al. [10] noted the need for models
of adaptation to guide users through the process of devel-
oping appropriate evaluation and measurement plans. IM
Adapt addresses this gap through having users consider
evaluation questions that need to be addressed. Addition-
ally, the IM Adapt process guides planners to incorporate
both effectiveness and process evaluation. Curran et al.
[40] have suggested the need for blended EBI effectiveness
and implementation trials that consider both effectiveness
outcomes and implementation process [40]. Blended effec-
tiveness/implementation trials are a key area of study which
are currently underreported [2, 40, 54]. As noted byWander-
sman et al., 2008 [55], publication of these kinds of studies
is necessary to guide future efforts to disseminate EBIs into
practice. Practitioners lack sufficient insight into this process
and as a result are forced to make decisions based on limited
information [24].

4.1. Limitations of the IM Adapt Process and of the Case
Study Project. IM Adapt helps planners compare their local
health problem and needs to available EBIs to judge fit of the
intervention in terms of the health problem and its causes
and then to continue the comparison to the logic model
of change. This is a fairly complex process that is made
more difficult by inadequate reports of EBIs in the scientific
literature. Often original investigators neither publish their
logic model of the problem (evidence and assumptions
about the problem at the developing site of the EBI) nor
explicitly address the logic model (theory) of change. This
situation leaves the adopter of an EBI sometimes peering
into a black box and making guesses about what change
methods are contained in a program, what determinants they
were meant to influence, and whether original investigators
consider them to be essential program elements that should
not be adapted. Improving intervention reporting would
significantly improve the ability of thosewhowant to use EBIs
to choose one, decide whether adaptations are advisable, and
use a systematic process to carry them out if they are needed.
We applied the IMAdapt process to a case study of an adapted
mammography appointment adherence EBI. Future studies
are necessarily applying IM Adapt to a variety of EBIs and
public health issues to allow for continued evaluation and
refinement of the approach.

5. Conclusion

In this report, we have presented a case study of a community
project for which we used the IM Adapt framework to find,
adapt, implement, and evaluate an EBI to help underserved
African American women in Houston, Texas, keep appoint-
ments for mammography screening. IM Adapt should be
useful for planners who are considering EBIs to avoid
developing an intervention from the beginning. Not wanting
to develop an intervention de novo can be from awareness of
insufficient resources for developing and evaluating a theory-
and evidence-based intervention or because a funder has
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required the use of an existing EBI. If a planning group is
able to find an EBI that addresses its priority health problem,
it will face a core question, does this program fit with our
community andwith the characteristics of the health problem
in the new setting and can it be adapted so that it better
fits and still works? IM Adapt is a guide for answering this
question and performing a systematic adaptation.
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Objective. Determine the effects of exercise on body mass index (BMI in kg⋅m−2) among overweight and obese children and
adolescents.Methods. Trial sequential meta-analysis of randomized controlled exercise intervention trials ≥ 4 weeks and published
up to November 11, 2014. Results. Of the 5,436 citations screened, 20 studies representing 971 boys and girls were included. Average
length, frequency, and duration of training were 13 weeks, 3 times per week, for 46 minutes per session. Overall, random-effects
models showed that exercise decreased BMI by 3.6% (mean: −1.08; 95% CI: −0.52 to −1.64; 𝑄 = 231.4; 𝑝 < 0.001; 𝐼2 = 90.9%; 95%
CI: 87.6% to 93.4%;𝐷2 = 91.5%). Trial sequential meta-analysis showed that changes in BMI crossed the monitoring boundary for
a type 1 error in 2010, remaining stable thereafter. The number needed to treat was 5 while the percentile improvement was 26.9.
It was estimated that approximately 2.5 million overweight and obese children in the US and 22.0 million overweight and obese
children worldwide could reduce their BMI by participating in a regular exercise program. Overall quality of evidence was rated as
moderate. Conclusions. Exercise is associated with improvements in BMI among overweight and obese children and adolescents.
This trial is registered with PROSPERO Trial Registration #CRD42015017586.

1. Introduction

The prevalence of overweight and obesity in children and
adolescents is a pandemic problem both in the United States
(US) and worldwide. Recently, Ogden et al. reported that the
prevalence of overweight and obesity in the US, defined as a
body mass index (BMI) in kg⋅m−2 ≥ 85th percentile based
on Centers for Disease Control Growth Charts, was 31.8%
among children and adolescents 2 to 19 years of age, while
the prevalence of obesity, defined as a BMI in kg⋅m−2 ≥
95th percentile, was 16.9% [1]. When compared to 30 years
ago, this represents an obesity prevalence that is more than
two times higher in US children and more than four times
higher in adolescents [1, 2]. From a worldwide perspective,
the prevalence of overweight and obesity in 2013 has been
reported to be approximately 23% among children and
adolescents in developed countries and 13% among children

and adolescents from developing countries [3]. Collectively,
this represents an approximate 47% increase in theworldwide
prevalence of overweight and obesity among children and
adolescents between 1980 and 2013 [3].

The economic costs associated with overweight and
obesity among children and adolescents are also substantial.
For example, Finkelstein et al. estimated that the incremental
lifetime medical cost of an obese 10-year-old child in the US,
in relation to a normal weight child who maintained normal
weight throughout adulthood, was $19,000 [4]. Based on the
current number of obese 10-year-olds in the US, the total
direct medical costs associated with obesity were estimated
at $14 billion for this age only [4].

The negative health consequences of obesity in children
and adolescents are both immediate and long-term. For
example, in a population-based sample of US children and
adolescents 5 to 17 years of age from the BogalusaHeart Study,
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approximately 70% of obese youth had at least one cardio-
vascular disease risk factor [5]. In addition, obese children
and adolescents, in relation to their normal weight peers,
suffer from a greater prevalence and/or incidence of other
conditions that include, but are not necessarily limited to,
musculoskeletal pain, injuries and fractures [6], obstructive
sleep apnea [7], and poorer self-esteem and quality of life
[8]. From a long-term perspective, overweight and obesity
during childhood and adolescence have been shown to track
into adulthood [9], thereby placing this population group
at an increased risk for premature all-cause mortality [10].
This is a major problem since overweight and obesity have
been reported to be the third leading cause of preventable
death in the US, responsible for 216,000 deaths in 2005 [10].
Globally, the World Health Organization has estimated that
approximately 3.4 million adults die each year as a result
of being overweight or obese [11]. The issue of obesity has
become so problematic that it is now recognized by the
American Medical Association as a disease [12].

Exercise has been recommended for the prevention and
treatment of overweight and obesity in children and ado-
lescents [13–18]. In a recent systematic review with meta-
analysis of studies published until the year 2012, the inves-
tigative team reported a statistically significant decrease of
approximately 3% in BMI 𝑧-score in overweight and obese
children and adolescents [19]. However, body mass index
BMI in kg⋅m−2 continues to be the most commonly assessed
and reported metric and is easily recognized and interpreted
by practitioners. Unfortunately, the effects of exercise on
BMI in kg⋅m−2 have been underwhelming. For example,
with the exception of one previous systematic review with
meta-analysis that focused on exercise [20], others reported
a nonsignificant decrease in BMI in kg⋅m−2 among children
and adolescents [17, 21–23]. However, all five suffer from
potential limitations. These include (1) the pooling of a
small number of exercise-only studies [17, 21, 22], (2) the
inclusion of nonrandomized trials [20, 22], (3) inclusion of
children and adolescents who were not overweight or obese
[20, 22, 23], and (4) overall quality scores ranging from only
45% to 82% when the Assessment of Multiple Systematic
Reviews (AMSTAR) instrument was applied to the studies
[24]. In addition, none of the studies used trial sequential
analysis, an approach that can provide data regarding (1)
adequate information size, (2) a threshold for a statistically
significant effect, and (3) a threshold for futility [25]. Given
the former, the purpose of the current study was to conduct
a systematic review and trial sequential meta-analysis of
randomized controlled trials addressing the overall effects
of exercise (aerobic training, strength training, or both) on
BMI in kg⋅m−2 among overweight and obese children and
adolescents.

2. Methods

2.1. Registration and General Procedure. This systematic
review with trial sequential meta-analysis is registered in
PROSPERO (#CRD42015017586), an international prospec-
tive registry of systematic reviews.The conduct and reporting

of this study was accomplished according to the general
guidelines recommended by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [26].

2.2. Study Eligibility. The a priori inclusion criteria for
this study were as follows: (1) randomized controlled trials
(assignment at participant level only), (2) control group
(nonintervention, usual care, wait-list control, and attention
control), (3) exercise (aerobic training, strength training,
or both) ≥ 4 weeks as an independent intervention, (4)
overweight and obese children and adolescents, as defined
by the authors, (5) boys and/or girls 2 to 18 years of age, (6)
studies published in full in any language between January
1, 1990, and November, 11, 2014, and (7) data available
for calculating changes in BMI in kg⋅m−2. Studies were
excluded based on an inappropriate population, intervention,
comparison, outcome, study type, or lack of requisite data for
BMI in kg⋅m−2.

2.3. Data Sources. The following databases were searched
from January 1, 1990, to December 31, 2012: (1) Academic
Search Complete, (2) CINAHL, (3) Cochrane Central Regis-
ter of Controlled Trials (CENTRAL), (4) Education Research
Complete, (5) ERIC, (6) LILACS, (7) Medline, (8) Proquest,
(9) Scopus, (10) Sport Discus, and (11) Web of Science. In
addition, an updated PubMed search was conducted for
potentially eligible studies published between August 1, 2012,
and November 11, 2014. A brief description of each database
is shown in Supplementary File 1 (see Supplementary Mate-
rial available online at http://dx.doi.org/10.1155/2015/704539)
while the updated search strategy for PubMed can be found in
Supplementary File 2. Database searches were supplemented
by cross-referencing for potentially eligible studies, including
reviews, as well as expert review by the third author. All
studies were stored in Reference Manager, version 12.0 [27].
Overall precision of the searches was computed by dividing
the number of studies included by the total number of
studies screenedwhile the number needed to read (NNR)was
calculated as the inverse of the precision [28].

2.4. Study Selection. Independent, dual-selection of eligible
studies was conducted by the first two authors who then met
and reviewed their choice for inclusion. Disagreements were
resolved by consensus and, if necessary, consultation with the
third author.

2.5. Data Abstraction. Codebooks were developed in an
electronic spreadsheet program [29] that included items that
fell within the following four major categories: (1) study
characteristics, (2) physical characteristics of participants, (3)
training program characteristics, and (4) outcomes and out-
come characteristics. Independent, dual-selection of eligible
studies was conducted by the first two authors who then met
and reviewed their choice for inclusion. Disagreements were
resolved by consensus and, if necessary, consultation with
the third author. Using Cohen’s kappa statistics (𝜅) [30], the
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overall agreement rate prior to correcting discrepancies was
0.94.

2.6. Risk of Bias Assessment. The Cochrane Risk of Bias
Assessment Instrument was used to assess potential risk
of bias [31]. Items were rated as being at a high, low, or
unclear risk for bias [31]. In addition to the six basic items,
an additional item about whether the participants were
exercising regularly prior to study participation, as defined
by the original study authors, was included [31]. Assessment
for risk of bias was limited to the primary outcome, BMI in
kg⋅m−2. Dual and independent assessment for risk of bias
was conducted by the first two authors who subsequently met
and reviewed every item for agreement. Disagreements were
resolved by consensus and, if necessary, consultation with
the third author. Using Cohen’s kappa statistics (𝜅) [30], the
overall agreement rate prior to correcting discrepancies was
0.70.

2.7. Data Synthesis

2.7.1. Calculation of Effect Sizes for BMI in kg⋅m–2. The
primary outcome for this study was changes in BMI in
kg⋅m−2. Secondary outcomes included body weight, percent
body fat, fatmass, fat-freemass, changes inmaximumoxygen
consumption in mL⋅kg−1min−1 (VO

2max), and upper and
lower body strength and kilocalorie intake. Effect sizes (ES)
using the original metrics were calculated by subtracting
the change score difference in the exercise group from the
change score difference in the control group. Variances were
calculated from the pooled standard deviations of change
scores in the exercise and control groups. If change score
standard deviations were not reported, they were calculated
from pre- and poststandard deviations according to proce-
dures developed by Follmann et al. [32]. Each ES was then
weighted by the inverse of its variance.

2.7.2. Pooled Estimates for Changes in BMI in kg⋅m–2.
Changes in BMI in kg⋅m−2 and all secondary outcomes were
pooled using random-effects, method-of-moments models
that incorporate between-study heterogeneity into the final
estimate [33]. Ninety-five percent confidence intervals (CI)
were calculated while 𝑧-based two-tailed alpha values ≤ 0.05
were considered statistically significant. Heterogeneity was
examined using the 𝑄 statistics [34], with an alpha value ≤
0.10 representative of statistically significant heterogeneity.
Inconsistency was examined using 𝐼2 [35] and diversity
using 𝐷2 [36]. For both 𝐼2 and 𝐷2 values < 25%, 25% to
<50%, 50% to <75%, and 75% or greater were considered
to represent very low, low, moderate, and large amounts
of inconsistency and diversity [37]. Statistically significant
outliers were considered to be those with standardized
residual alpha values ≤ 0.05. Multiple exercise groups in the
same study were analyzed independently as well as collapsing
multiple groups so that only one ES represented each study
while the sample size for the control group was divided by
the number of exercise groups [38]. In addition to 95% CI,
95% prediction intervals (PI) were also calculated [39, 40] for

any result that was statistically significant. Based on recent
recommendations [41], small-study effects (publication bias,
etc.) were examined both qualitatively and quantitatively
using funnel plots and Egger’s regression intercept test [42].
A one-tailed probability value < 0.05 was considered to be
indicative of statistically significant small-study effects. The
influence of each result on the overall findings was examined
by deleting each result from the model once. Post hoc, the
fail-safe 𝑁 test was used to estimate the number of studies
that would be needed to reverse our finding of a statistically
significant, that is, 𝑝 < 0.05, improvement in BMI in kg⋅m−2
[43]. This test was used because four studies that met all of
our inclusion criteria except for the provision of sufficient
postintervention data were excluded from the meta-analysis.

To enhance practical application, the number needed to
treat (NNT) was calculated for changes in BMI in kg⋅m−2
assuming a conservative control group risk of 10% and only
if changes in BMI in kg⋅m−2 were statistically significant. If
the NNTwas calculated, gross estimates were determined for
the number of obese children and adolescents in the US as
well as worldwide that could potentially benefit from exercise.
These estimates were based on 12.5 [1] and 110million [44, 45]
overweight and obese children in the US and worldwide,
respectively. In addition to NNT, Cohen’s 𝑈

3

index, an index
used to determine the percentile gain in an intervention
group, was calculated for any statistically significant results
with respect to BMI in kg⋅m−2 and secondary outcomes
[46]. Finally, The Grades of Recommendation, Assessment,
Development and Evaluation (GRADE) instrument was used
to assess the overall quality of evidence and was limited to the
primary outcome, BMI in kg⋅m−2 [47]. Overall quality was
categorized as very low, low, moderate, or high [47].

Based on empirical evidence that consideration of infor-
mation size and adjusted significance thresholds may avoid
false statistical inferences due to imprecision and repeated
significance testing inmeta-analysis [25, 48–50], information
size estimates and trial sequential analysis were performed
[51] for BMI in kg⋅m−2. Trial sequential analysis is an
approach that combines conventionalmeta-analysismethod-
ology with meta-analytic sample size considerations as well
as previously established methods for repeated significance
testing on accruing data in randomized trials [51]. Inferences
derived from using trial sequential analysis may bemore reli-
able than using conventional meta-analysis procedures [51].
More specifically, previous research suggests that information
size considerations as well as adjusted significance thresholds
may eliminate early false positive findings due to a lack of
precision and repeated significance testing in meta-analyses
[25, 48–51].

The a priori planwas to estimate the required information
size based on previous research suggesting that a 0.1 kg/m2
change in BMI in kg⋅m−2 can be clinically important [52].
However, because of the inability to obtain variance statistics,
a post hoc decision was made to estimate the required infor-
mation size using the pooled mean difference and variance,
adjusted for between-study heterogeneity, from the current
study. A two-tailed type 1 error rate of 5% and power of 80%
were employed. To control for multiple tests, trial sequential
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monitoring boundaries for both type 1 (5%) and type 2
(20%) error rates were established using O’Brien-Fleming
adjustments [53, 54].

2.7.3. Metaregression Analysis. Simple, random-effects meta-
regression (method of moments) models were used to exam-
ine associations between changes in BMI in kg⋅m−2 and
potential predictors [33]. An a prioridecisionwasmade to not
conduct any type ofmultiplemetaregression analyses because
of missing data for different variables from different studies.
Metaregression analysis was limited to those studies in which
there were at least four results for continuous variables or
four results per group for categorical variables. Continuous
variables, determined a priori, included year of publication,
percent dropout, age, baseline BMI in kg⋅m−2, and exercise
intervention (length, frequency, duration, compliance, min-
utes per week, unadjusted and adjusted for compliance, and
total minutes for the intervention, unadjusted and adjusted
for compliance). Categorical variables examined included
country, type of control group, funding, a priori sample size
estimates, adverse events, risk of bias (sequence generation,
allocation concealment, blinding of participants and person-
nel, blinding of outcome assessment, incomplete outcome
data, selective reporting, and whether subjects were inactive
prior to enrollment), gender, race/ethnicity, changes in exer-
cise and/or physical activity outside the exercise intervention,
pubertal stage, type of exercise (aerobic, strength, and both),
exercise supervision, setting that exercise took place, type of
participation, type of analysis, and exercise intensity (low,
moderate, and high) [55].

2.7.4. Reporting and Software Utilization. Changes in pri-
mary and secondary outcomes are reported in their natural
direction of benefit, that is, negative values for changes in
BMI in kg⋅m−2 and positive values for increases in fat-
free mass. All statistical analyses were conducted using
Comprehensive Meta-Analysis (version 3.3) [56], Microsoft
Excel 2010 [57], Trial Sequential Analysis (version 0.9) [51],
GradePro (version 3.6) [58], and two add-ins for Microsoft
Excel, SSC-stat (version 2.18) [59] and EZ-Analyze (version
3.0) [60].

3. Results

3.1. Characteristics of Included Studies. After removing dupli-
cates, a total of 5,436 articles were screened. Of these, 20
studies representing 42 groups (22 exercise, 20 control) and
final assessment of BMI in kg⋅m−2 in 971 participants (575
exercise, 396 control)met all eligibility criteria [61–80]. Over-
all precision of the searches was 0.004 while the NNR was
272.Themajor reasons for exclusionwere inappropriate study
design (51.6%), intervention (31.2%), population (14.0%),
comparison (2.3%), and outcome(s) (0.9%). Another four
studies comprising less than 1% of the reasons for exclusion
were omitted because data necessary for conducting trial
sequential meta-analysis were not available [81–84]. This
included (1) lack of both post and change outcome values
as well as standard deviations, or data for conversion to

standard deviations (e.g., standard error of the mean), for
BMI in kg⋅m−2 [81–83] and (2) lack of separate sample sizes
for exercise and control groups [84]. A flow diagram of the
search process is shown in Figure 1 while a list of excluded
studies, including the specific reason(s) for exclusion, can be
found in Supplementary File 3.

Table 1 describes the characteristics of each included
study. Studies were conducted in 12 different countries and
published between 2004 and 2014 [61–80], with all but one
[62] published in English-language journals. Assessment of
primary and secondary outcomes took place after six [68, 69],
eight [63, 67, 77–79], 10 [76], 12 [61, 64, 66, 71, 72, 75, 80], 13
[65], 16 [73], 22 [74], and 24 [62, 70] weeks of exercise.

Two studies used some type of matching procedure, one
according to age, gender, and BMI in kg⋅m−2 [67] and another
according to sex and degree of overweight [74]. For those
studies in which it could be determined, six used the per-
protocol approach to analyze their data [61, 65, 69, 70, 73, 75],
two used intention-to-treat [76, 77], and three used both
[62, 64, 74]. Only five of the studies included sample size
estimates [62, 64, 74, 75, 79]while themajority (80%) received
some type of funding for their work [61, 63–65, 67–71, 73–
76, 78–80].Nine studies received singular support from either
university [69, 70, 75, 80], government [63, 65, 76], or private
[78, 79] entities while seven other studies reported multiple
sources of support from government and private [67, 71],
government and university [64, 68], government, university,
and private [73, 74], or private and university [61] entities.

For those studies in which data were available, the
dropout rate for studies in which data were available ranged
from 0% to 34% in the exercise groups (𝑋±SD, 16.9%±14.0,
median = 23) and 0% to 26% in the control groups (𝑋 ± SD,
12.6%±12.0,median= 14). Reasons for dropping out included
time, lack of interest, unhappiness with group assignment,
moving, and medical condition. Four studies reported no
serious adverse events during the intervention period [74, 77–
79].

Participant characteristics are shown in Tables 1 and 2.
Twelve of the 20 studies (60%) included both boys and girls
[61, 62, 64, 65, 67, 70, 71, 74, 76–79], seven (35%) were limited
to boys [63, 66, 68, 69, 73, 75, 80], and one (5%) was limited
to girls [72]. Participants included Whites, Blacks, Asians,
and Hispanics. With respect to maturational development,
the studies represented boys and girls at the prepubertal,
pubertal, and postpubertal stages of development; two studies
reported boys and girls at the prepubertal stage [61, 64], one
at the postpubertal stage [74], two at the prepubertal and
pubertal stage [67, 76], and one each at either the pubertal and
postpubertal [73] or prepubertal, pubertal, and postpubertal
[63] stages.

Characteristics of the exercise programs from each study
are also shown in Table 1. Thirteen of the 22 groups par-
ticipated in aerobic exercise, two in strength training, and
seven in both. For those studies and groups in which data
were available, length of training ranged from six to 24 weeks
(𝑋 ± SD, 13.4 ± 5.7, median = 12) and frequency from one to
five times per week (𝑋± SD, 3.3 ± 1.1, median = 3). Intensity
of training was classified as low for one group, moderate for
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(II) Inappropriate intervention (n = 2033)

(III) Inappropriate comparison group (n = 100)

(IX) LILACS (n = 836)

Necessary data not available (n = 4)

Figure 1: Flow diagram describing the search for relevant literature. ∗Number of reasons exceeds the number of records excluded.

four groups, moderate to high for two groups, and high for
seven groups. When limited to aerobic exercise, duration of
training for the 18 groups in which data were available ranged
from 20 to 75 minutes per session (𝑋 ± SD, 45.9 ± 15.4,
median = 45). Total minutes of training, per week, ranged
from 40 to 224 minutes (𝑋 ± SD, 148.1 ± 55.0, median =
155) while total minutes of training for the entire intervention
period ranged from 480 to 5,040 minutes (𝑋 ± SD, 1979 ±
1302, median = 1540). When adjusted for compliance to
the exercise protocol, total minutes per week for the three
groups inwhich data could be calculated ranged from 39 to 75
minutes (𝑋±SD, 67.3±25.2, median = 75) while totalminutes
over the entire intervention period ranged from 470 to 896
minutes (𝑋±SD, 749±241, median = 880). Aerobic exercises
includedwalking, jogging, cycling, swimming, jumping rope,
stair climbing, aerobic dance, and games (soccer, handball,
basketball, volleyball, etc.) as well as other various activities.

For strength training groups, the within-study number of
sets for the five groups in which data were provided ranged
from one to three while the number of repetitions per set for

the six groups in which data were available ranged from three
to 25. Two strength training groups reported within-study
rest periods between sets that ranged between 60 and 180
seconds. For the five groups that reported data, the number of
strength training exercises ranged from seven to 13 (𝑋 ± SD,
9.2±2.5, median = 9). Types of resistance training equipment
used included free weights, machine weights, elastic bands,
medicine balls, and the participants’ own bodyweight. Across
all exercise groups, 18 participated in supervised exercise,
one in unsupervised exercise, and three in both. Compliance
to the exercise interventions for the four groups in which
data could be calculated ranged from 55% to 98% (𝑋 ± SD,
83.4 ± 20.2, median = 90).

3.2. Risk of Bias Assessment. Theresults for pooled risk of bias
assessment are shown in Figure 2 while study level results are
shown in Supplementary File 4. As can be seen, 95% of the
included studies adequately described the process for random
sequence generation while none of the studies suffered from
incomplete outcome reporting. In contrast, more than half of
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Physically inactive prior to enrollment

Incomplete outcome reporting (reporting bias)

Incomplete outcome data (attrition bias)

Blinding of outcome assessors (performance bias)

Blinding of participants and personnel (performance bias)

Allocation concealment (selection bias)

Random sequence generation (selection bias)

Physically
inactive prior
to enrollment

Incomplete
outcome
reporting
(reporting

Incomplete
outcome data
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Blinding of
outcome
assessors

(performance
bias)
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Unclear risk 60% 0% 40% 90% 0% 80% 0%
High risk 10% 0% 30% 0% 100% 5% 5%
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(%)

bias)

Figure 2: Cochrane risk of bias results.

Table 3: Changes in primary and secondary outcomes.

Variable ES (#) 𝑋 (95% CI) 𝑍 (𝑝) 𝑄 (𝑝) 𝐼

2% (95% CI) 𝐷2% 95% PI
Primary

BMI (kg⋅m−2) 22 −1.08 (−0.52, −1.64)∗ −3.81 (<0.001) 231.4 (<0.001)∗ 90.9 (87.6, 93.4) 91.5 −3.74, 1.58
Secondary

Body weight (kg) 20 −1.66 (−0.87, −2.45)∗ −4.11 (<0.001) 57.3 (<0.001)∗ 66.8 (47.0, 79.2) 78.0 −4.48, 1.17
Fat mass (kg) 14 −1.07 (−0.36, −1.79)∗ −2.93 (0.003) 29.5 (0.006)∗ 55.9 (19.8, 75.8) 62.6 −3.33, 1.19
Body fat (%) 17 −1.13 (−0.58, 1.67)∗ −4.05 (<0.001) 56.2 (<0.001)∗ 71.5 (53.6, 82.6) 77.1 −3.16, 0.91
Fat-free mass (kg) 15 −0.006 (−0.24, 0.22) −0.05 (0.96) 21.8 (0.08) 35.8 (0, 65.4) 39.2 —
VO2max (mL⋅kg−1⋅min−1)a 10 3.1 (1.1, 5.2)∗ 2.95 (<0.001) 197.8 (<0.001)∗ 95.4 (93.3, 96.9) 96.8 −4.53, 10.76
Muscular strength (kg)b

Upper 3 7.7 (4.4, 10.9)∗ 4.58 (<0.001) 0.9 (0.63) 0 (0, 92.7) 0 6.3, 9.0∗

Lower 3 44.2 (29.5, 59.0)∗ 5.88 (<0.001) 0.3 (0.86) 0 (0, 77.3) 0 42.9, 45.6∗

Energy intake (kcals) 6 −141 (−294, 13) −1.80 (0.07) 8.9 (0.11) 43.6 (0, 77.7) 59.4 —
Notes.#Number; ES: effect size; 𝑋 (95% CI): mean and 95% confidence interval; 𝑍(𝑝): 𝑍 value and alpha value for 𝑍; 𝑄(𝑝): Cochrane’s 𝑄 statistic and alpha
value for 𝑄; 𝐼2 (%): 𝐼-squared; 95% PI: 95% prediction intervals; 𝐷2: 𝐷-squared; BMI: body mass index; VO2max: maximum oxygen consumption; kcals:
kilocalories; adata limited to those groups in which aerobic exercise was an intervention; bdata limited to those groups in which strength training was an
intervention; ∗statistically significant; —: not calculated; boldface items indicate statistical significance.

the studies were at a high or unclear risk of bias with respect
to allocation concealment (85%), blinding of participants
and personnel (100%), blinding of outcome assessors (90%),
incomplete outcome data, that is, attrition bias (70%), and
boys and girls being physically inactive prior to enrollment
(70%).

3.3. Data Synthesis

3.3.1. Primary Outcome. Pooled results for changes in BMI
in kg⋅m−2 are shown in Table 3 and Figure 3. Across all
categories, a statistically significant reduction equivalent to
3.6% was found for BMI in kg⋅m−2 along with statistically

significant heterogeneity, a large amount of inconsistency and
diversity, and overlapping prediction intervals. Changes in
BMI in kg⋅m−2 ranged from 0.59 to −7.30 kg/m2. With one
outlier deleted from the model [66], reductions were not as
large (26% difference) but remained statistically significant
along with statistically significant heterogeneity as well as a
large amount of inconsistency and diversity (𝑋: −0.80; 95%
CI: −0.40 to −1.20; 𝑧 = −3.94; 𝑝 < 0.001; 𝑄 = 108.1;
𝑝 < 0.001; 𝐼2 = 81.5%; 95% CI = 72.7 to 87.5; 𝐷2 = 83.2%).
Reductions in BMI in kg⋅m−2 also remained statistically
significant along with statistically significant heterogeneity as
well as a large amount of inconsistency and diversity when
results were collapsed so that only one result represented each
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Study Subgroup Analysis
Statistics for each study

Difference in means and 95% CIDifference Lower Upper 
in means limit limit

Alberga et al., 2013 None abp
Alves et al., 2008 None itt
Elloumi et al., 2011 None Unknown
Farpour-Lambert et al., 2009 None itt

None abp
Karacabey, 2009 None Unknown
Kelly et al., 2004 None Unknown
Kim et al., 2007 None Unknown
Kim et al., 2008 None abp
Meyer et al., 2006 None abp
Murphy et al., 2009 None Unknown

None Unknown
Shaibi et al., 2006 None abp
Sigal et al., 2014 Aerobic Combined
Sigal et al., 2014 Aerobic + resistance Combined
Sigal et al., 2014 Resistance Combined
Song et al., 2012 None Unknown
Sun et al., 2011 None itt
Tan et al., 2010 None itt
Watts et al., 2004a None Unknown
Watts et al., 2004b None Unknown
Wong et al., 2008 None Unknown
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−8.31
−1.12
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−3.02
−1.05
−0.13
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0.23
1.61
0.68

−1.58
0.49
0.61
0.54

−0.26
0.46
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−1.57
0.18
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−1.26
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0.74

−6.09
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−0.01
1.31

Hagströmer et al., 2009

Saygin and ̈Oztürk, 2011

Figure 3: Forest plot for point estimate changes in BMI in kg⋅m−2. The black squares represent the mean difference while the left and right
extremes of the squares represent the corresponding 95% confidence intervals. The middle of the black diamond represents the overall mean
difference while the left and right extremes of the diamond represent the corresponding 95% confidence intervals.

Funnel plot of precision by difference in means

−7 −6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6 7 8−8
Difference in means

0

1

2

3

4

Pr
ec

isi
on

 (1
/s

ta
nd

ar
d 

er
ro

r)

Figure 4: Funnel plot for changes in BMI in kg⋅m−2.

study (𝑋: −1.10; 95% CI: −0.52 to −1.68; 𝑧 = −3.71; 𝑝 < 0.001;
𝑄 = 230.3; 𝑝 < 0.001; 𝐼2 = 91.8%; 95% CI = 88.7 to
94.0; 𝐷2 = 92.2%). No small-study effects were observed as
indicated by a lack of funnel plot asymmetry (Figure 4) and
Egger’s regression-intercept test (𝛽

0

: −0.92, 𝑝 = 0.34). With
each result deleted from themodel once, reductions in BMI in
kg⋅m−2 remained statistically significant across all deletions,
with changes ranging from −0.80 to −1.16, a difference of
31% (Figure 5). The NNT was 5 (95% CI = 3 to 12) while the
percentile improvement was 26.9 (95% CI = 15.3 to 36.0).
It was estimated that approximately 2.5 million overweight
and obese children in the US (95% CI, 1.0 to 4.2) and 22.0

million overweight and obese children worldwide (95% CI,
9.2 to 36.7) could reduce their BMI in kg⋅m−2 by participating
in a regular exercise program.

For the four studies excluded because of insufficient
data for BMI in kg⋅m−2 [81–84], one reported a statistically
significant exercise minus control group reduction (𝑝 =
0.02) in BMI in kg⋅m−2 [84]. Another study that did not
report results for BMI in kg⋅m−2 did report a statistically
significant exercise minus control group reduction in BMI
𝑧-score (𝑝 = 0.02) for the high-dose group as well as a
trend for improvement (𝑝 = 0.06) in the low-dose group
[81]. The remaining two studies did not report any BMI-
related results, although both reported statistically significant
reductions of 𝑝 < 0.01 [82] and 𝑝 < 0.001 [83] for percent
body fat. In addition, fail-safe𝑁 results indicated that a total
of 774 studies with null findings would be needed to reverse
our findings of a statistical significant reduction in BMI in
kg⋅m−2.

The results for trial sequential meta-analysis are shown
in Figure 6. As can be seen, these findings confirm that the
maximum information size has been reached and the stability
of findings has been achieved with respect to exercise-
induced reductions in BMI in kg⋅m−2 among overweight and
obese children and adolescents. More specifically, changes
in BMI in kg⋅m−2 crossed the monitoring boundary for a
type 1 error in 2010 and have remained stable thereafter.
This confirms the statistical significance of exercise-induced
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Study Subgroup Analysis Difference in means (95% CI) with study removed Lower Upper Point
limit limit

Karacabey, 2009 None Unknown
Meyer et al., 2006 None abp

None Unknown
Tan et al., 2010 None itt
Kim et al., 2008 None abp
Sigal et al., 2014 Aerobic + resistance Combined
Elloumi et al., 2011 None Unknown
Wong et al., 2008 None Unknown
Kim et al., 2007 None Unknown
Sigal et al., 2014 Aerobic Combined
Sigal et al., 2014 Resistance Combined
Alves et al., 2008 None itt
Song et al., 2012 None Unknown

None abp
Sun et al., 2011 None itt
Murphy et al., 2009 None Unknown
Farpour-Lambert et al., 2009 None itt
Watts et al., 2004a None Unknown
Watts et al., 2004b None Unknown
Shaibi et al., 2006 None abp
Kelly et al., 2004 None Unknown
Alberga et al., 2013 None abp
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Figure 5: Influence analysis results for point estimate changes in BMI in kg⋅m−2 with each result deleted from the model once. The black
squares represent the mean difference while the left and right extremes of the squares represent the corresponding 95% confidence intervals.
The middle of the black diamond represents the overall mean difference while the left and right extremes of the diamond represent the
corresponding 95% confidence intervals. Results are ordered from smallest to largest reductions.

reductions in BMI in kg⋅m−2 since 2010 among overweight
and obese children and adolescents and suggests that the
accumulation of additional studies in future years will not
change these findings to one of nonsignificance. Simple
metaregression results are shown in Supplementary File 5.
No statistically significant associations were observed for
those variables inwhichmetaregression analysiswas possible.
Findings were similar when the one outlier for changes in
BMI in kg⋅m−2 was deleted from each of the analyses (results
not shown) [66].

The results for GRADE with respect to changes in BMI in
kg⋅m−2 are shown in Supplementary File 6. Despite poten-
tial biases as well as heterogeneity, inconsistency, diversity,
and overlapping prediction intervals, the overall quality of
evidence was upgraded from low to moderate based on the
magnitude of effect observed, trial sequential analysis results,
and lack of adverse events.

3.3.2. Secondary Outcomes. Secondary outcomes are shown
in Table 3. Statistically significant improvements were found
for body weight, fat mass, percent body fat, VO

2max in
mL⋅kg−1⋅min−1, and upper and lower body strength. No
statistically significant differences were observed for fat-free
mass or energy intake. Changes were equivalent to relative
improvements of 2.2% (body weight), 3.2% (fat mass), 2.9%
(percent body fat), 10.3% (VO

2max in mL⋅kg−1⋅min−1), 8.9%

(upper body strength), and 52.4% (lower body strength).
With the exception of changes in upper and lower body
strength, statistically significant heterogeneity as well as
moderate to large inconsistency and diversity was observed
for body weight, fat mass, percent body fat, and VO

2max in
mL⋅kg−1⋅min−1. Prediction intervals were overlapping for all
outcomes except for upper and lower body strength.

Statistically significant outliers (𝑝 < 0.05) were identified
for changes in body weight [61, 66], fat mass [69], percent
body fat [69], and VO

2max in mL⋅kg−1⋅min−1 [72]. With
two outliers deleted from the model for body weight [61,
66], reductions remained statistically significant along with
statistically significant heterogeneity, low inconsistency, and
moderate diversity (𝑋: −1.62; 95% CI: −0.93 to −2.31; 𝑧 =
−4.61; 𝑝 < 0.001; 𝑄 = 33.3; 𝑝 < 0.001; 𝐼2 = 49.0%; 95% CI =
12.0 to 70.4; 𝐷2 = 68.1%). For fat mass, decreases remained
statistically significant along with no statistically significant
heterogeneity as well as very low inconsistency and diversity
when one outlier was deleted from the model [69] (𝑋: −0.69;
95% CI: −0.17 to −1.22; 𝑧 = −2.58; 𝑝 = 0.01; 𝑄 = 13.9;
𝑝 = 0.31; 𝐼2 = 13.9%; 95% CI = 0 to 62.5; 𝐷2 = 21.1%).
With the same study deleted [69], reductions in percent body
fat remained statistically significant along with statistically
significant heterogeneity, moderate inconsistency, and large
diversity (𝑋: −1.01; 95% CI: −0.47 to −1.54; 𝑧 = −3.68; 𝑝 <
0.001; 𝑄 = 49.6; 𝑝 < 0.001; 𝐼2 = 69.7%; 95% CI = 49.5 to
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Figure 6: Trial sequential analysis results. Trial sequential meta-
analysis of exercise versus control for changes in BMI in kg⋅m−2.
The dashed inward sloping lines to the left represent trial sequential
monitoring boundaries while the outward dashed sloping lines to
the right represent futility boundaries.The solid black line represents
the 𝑍-curve and the black squares represent the cumulative results
with each accumulating study from earliest (2004) to most recent
(2014) year. The cumulative 𝑍-curve, that is, black solid line
with filled squares, crossed the monitoring boundaries in 2010,
confirming that exercise reduces BMI in kg⋅m−2 in overweight and
obese children and adolescents and is unlikely to be reversed with
additional studies in future years.

81.9; 𝐷2 = 75.7%). Increases in VO
2max in mL⋅kg−1⋅min−1

also remained statistically significant along with statistically
significant heterogeneity, moderate inconsistency, and large
diversity when one outlier [72] was deleted from the model
(𝑋: 2.35; 95% CI: 1.38 to 3.31; 𝑧 = 4.76; 𝑝 < 0.001; 𝑄 = 22.3;
𝑝 = 0.004; 𝐼2 = 64.1%; 95% CI = 26.4 to 82.4; 𝐷2 = 81.3%).
No outliers were identified for changes in lower and upper
body muscular strength.

For those secondary outcomes in which statistically
significant improvements were found, statistically significant
small-study effectswere observed for changes in percent body
fat (𝛽
0

: 1.92, 𝑝 = 0.03). No statistically significant small-study
effects were observed for body weight (𝛽

0

: −0.54, 𝑝 = 0.22),
fat mass (𝛽

0

: −0.76, 𝑝 = 0.26), VO
2max in mL⋅kg−1⋅min−1 (𝛽

0

:
−0.01, 𝑝 = 0.50), or upper (𝛽

0

, 1.99, 𝑝 = 0.15) and lower (𝛽
0

,
4.77, 𝑝 = 0.27) body strength.

With each result deleted from the model once, changes
remained statistically significant for all secondary outcomes
in which the original findings were statistically significant.
Changes ranged from −1.38 to −1.86 kg for body weight
(25.3% difference), −0.69 to −1.25 kg for fat mass (44.8%
difference), −1.00 to −1.23 for percent body fat (23.0%
difference), 2.34 to 3.42mL⋅kg⋅min−1 for VO

2max (31.6%
difference), 6.9 to 9.4 kg for upper body strength (26.6%
difference), and 41.5 to 46.0 kg for lower body strength (9.8%
difference).

4. Discussion

4.1. Findings. The overall findings of the current meta-
analysis suggest that exercise is associated with reductions in
BMI in kg⋅m−2 among overweight and obese children and
adolescents. Support for this interpretation is derived from (1)
the overall magnitude of effect, (2) nonoverlapping 95% CI,
(3) continued significance when each study was deleted from
the model once, including the one outlier [66], (4) apparent
absence of small-study effects, (5) trial sequential analysis
results demonstrating that the maximum information size
had been reached andbeen stable since 2010, (6) the lowNNT,
and (7) the number of overweight and obese children and
adolescents in the US and worldwide who might potentially
improve their BMI in kg⋅m−2 from the uptake of regular
exercise. In addition, the magnitude of change in BMI in
kg⋅m−2 observed in this study (−1.08 kg/m2 or 3.6%) may be
clinically relevant as previous research has found significant
improvements in selected health outcomes with a decrease in
BMI in kg⋅m−2 of approximately 4.8% [85]. While the results
of the current meta-analysis were 1.2% smaller, they may still
be clinically important. Regardless, the observed reductions
in BMI in kg⋅m−2 are most likely important at the population
level. For example, a recent meta-analysis that reported a
reduction of only 0.17 kg⋅m−2 in BMI [20] as a result of
school-based interventions suggested that their findings may
result in important health benefits at the population level.
This suggestion was based on the work of Rose [86] who con-
tended that a small shift in population distribution can be an
effective primary preventative strategy because more events
occur among the large number of individuals atmoderate risk
than the small number at high risk. Importantly, the results
of the current meta-analysis were more than six times larger
than those of Lavelle et al. [20]. However, it is important to
realize that whether an intervention should be recommended
at the population level depends not only on the size of the
effect but also on the costs associated with achieving such an
effect as well as society’s willingness to pay for this. While
the willingness of a society to pay for this most likely varies
between countries and there is limited evidence regarding the
cost-effectiveness of exercise interventions for the treatment
of overweight and obesity in children and adolescents, one
cost-effectiveness study found that the number of disability-
adjusted life years was greater for amultifaceted school-based
intervention that included physical education (8000) versus
one without physical education (500) [87]. Clearly, further
research in this area is needed.

Finally, considering that the results for GRADE were
increased from low to moderate provides justification for
recommending exercise for improving BMI in kg⋅m−2 in
overweight and obese children and adolescents. This is
especially relevant given that a low rating is based on the
belief that additional evidence in the future wouldmost likely
change the direction of effect, something that the investigative
team does not believe will happen, especially given the trial
sequential analysis results.

In contrast to the investigative team’s findings that sup-
port the effects of exercise for reducing BMI in kg⋅m−2 as
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well as the fact that a random-effects model that incorporates
heterogeneity into the analysis was used, no potential sources
of heterogeneity were identified as a result of metaregression
analyses. Thus, the current results could be compromised.
This may be especially important given the large amount
of inconsistency and diversity observed for BMI in kg⋅m−2
in the current meta-analysis. However, while such analyses
are important, covariate analyses in meta-analysis are con-
sidered observational given that studies are not randomly
assigned to covariates [88]. As a result, such analyses do
not support causal inferences [88]. Thus, while such analyses
may generate important findings about potential sources of
heterogeneity, they would still need to be tested in adequately
powered randomized controlled trials [88]. A second finding
that may weaken the BMI in kg⋅m−2 results is the overlapping
PI observed for changes in BMI in kg⋅m−2. However, it is
important to understand that PI are different compared to CI
as the former are based on random-mean effects [35].

While no variables that accounted for heterogeneity with
respect to changes in BMI in kg⋅m−2 were found, it may be
that factors that were unable to be assessed could account
for some or all of the observed heterogeneity between the
included studies. These include such things as (1) differences
or changes in diet during the exercise intervention [89],
(2) physical activity compensation [65, 90], and (3) genetic
factors [91].

The results of the current meta-analysis are in agreement
with one previous systematic review with meta-analysis that
focused on exercise [20] but disagreement with four others
that reported a nonsignificant decrease in BMI in kg⋅m−2
among children and adolescents [17, 21–23]. Possible reasons
for these discrepancies include (1) the small number of
exercise-only studies that were included and pooled in these
meta-analyses [17, 21, 22], (2) the inclusion of nonrandomized
trials [20, 22], and (3) the inclusion of children and adoles-
cents who were not overweight or obese [20, 22, 23].

The reductions in BMI in kg⋅m−2 observed in the
current meta-analysis also compare favorably to orlistat,
the only weight-loss medication currently approved by the
US Food and Drug Administration for the treatment of
obese adolescents. In a recent meta-analysis, changes in
BMI in kg⋅m−2 that included two studies representing 579
participants resulted in a statistically significant decrease of
−0.76 kg⋅m−2 (95% CI, −1.07, −0.44) as a result of the use of
orlistat [92]. These findings are approximately 30% less than
those found for BMI in kg⋅m−2 and exercise in the current
meta-analysis.

The reductions in BMI in kg⋅m−2 found in the current
meta-analysis are also similar to the results reported in a
recent systematic review of diet-only interventions in which
decreases ranged from 0.8 to 2.7 kg/m2 [89]. This suggests
that either exercise or diet can reduce BMI in kg⋅m−2 in
a similar fashion. In contrast, the results of this previous
systematic review when diet and exercise were combined
were equivocal, with changes in BMI in kg⋅m−2 ranging
from −4.4 to 0.27 kg/m2 for aerobic exercise (4 studies),
−0.2 to 1.1 kg/m2 for resistance training (3 studies), and

−0.5 to −2.02 kg/m2 for combined aerobic and resistance
exercise (3 studies) [89]. However, whether these changes
differ significantly according to type of exercise, type of diet,
or some other factor(s) is not known.

In addition to changes in BMI in kg⋅m−2, statistically
significant and clinically important improvements in body
weight, fat mass, percent body fat, relative VO

2max, and upper
and lower body strength were observed. The changes in fat
mass as well as percent body fat are particularly noteworthy
since both are more relevant than BMI in kg⋅m−2 with
respect to improvements in body composition. However,
because they are not as practical to assess, BMI in kg⋅m−2
continues to be the preferred method of assessing and
classifying overweight and obesity. In addition, the significant
changes observed for the six secondary outcomes support
the multiple benefits that can be derived from regular par-
ticipation in exercise. The multiple benefits observed are in
contrast to treatments such as pharmacological interventions,
approaches that are usually intended to treat one outcome.
In addition, orlistat, the only pharmacological intervention
currently approved in the United States for the treatment of
obesity in children and adolescents [93], has been shown to
be less cost-effective than several nonpharmacologic inter-
ventions, including exercise [87, 94], and has also been
accompanied by side-effects such as gastrointestinal distress
[95]. With respect to exercise in the current meta-analysis,
four studies that did include information on side-effects
reported no serious adverse events [74, 77–79], defined as
any intervention that results in death, a life threatening
condition, hospitalization (initial or prolonged), disability, or
permanent damage [96]. For these same four studies, adverse
events, defined as any undesirable experience associated with
an intervention, included primarily acute musculoskeletal
injury or discomfort in 7.9% of exercise participants in one
study [74] and none in the other three [77–79]. However, it
is important to realize that 16 [61–73, 75, 76, 80] of the 20
studies in the current meta-analysis did not report adequate
information with respect to adverse events.

4.2. Implications for Research. The results of this meta-
analysis have several implications for both the reporting
and conduct of future research. First, it is suggested that
future studies report complete information regarding (1)
allocation concealment, (2) blinding of outcome assessment,
(3) dropouts according to each group, including reasons for
dropping out, (4) adverse events, (5) the physical activity
levels of participants prior to and during the intervention,
(6) intensity of the exercise intervention, and (7) compli-
ance to the exercise intervention. It is also suggested that
investigators analyze and report results using both the per-
protocol and intention-to-treat results. This will allow one
to understand both the efficacy and effectiveness of exercise
for improving BMI in kg⋅m−2 as well as other outcomes in
overweight and obese children and adolescents. In addition,
since both energy intake and energy expenditure are critical
in determining weight loss, future studies should collect
and report data on energy intake and total daily energy
expenditure. Finally, future studies should report complete
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information on all outcomes assessed, partitioned by group.
At a minimum, these data should include pre- and postsam-
ple sizes, means, and standard deviations as well as change
outcome results along with their standard deviations.

It appears that a need exists for a four-arm randomized
controlled trial in overweight and obese children and ado-
lescents that includes an aerobic, strength, and combined
aerobic and strength training group as well as a control
group. Furthermore, to aid practitioners, a need exists for
dose-response studies to determine the optimal exercise
program(s) for overweight and obese children and adoles-
cents. This may be especially important since it is currently
recommended that children and adolescents participate in 60
or more minutes of moderate to vigorous physical activity
per day (420 minutes per week) [97] but the current meta-
analysis found statistically significant reductions in BMI in
kg⋅m−2 as well as several other outcome variables (body
weight, fat mass, percent body fat, VO

2max, and upper and
lower body strength)when the average totalminutes perweek
was less than currently recommended. Finally, since cost
is an important factor when deciding what intervention to
recommend over another, a need exists for cost-effectiveness
studies in overweight and obese children and adolescents.

4.3. Implications for Practice. The results of the current
meta-analysis suggest that exercise results in important
improvements in BMI in kg⋅m−2 as well as body weight,
fat mass, percent body fat, VO

2max in mL⋅kg−1⋅min−1, and
muscular strength in both upper and lower body. Lending
further support for this contention is the lowNNT, percentile
improvement, and the estimated number of overweight and
obese children in the United States and worldwide who
could potentially benefit. Furthermore, no serious adverse
events were reported for the four groups in which sufficient
information was available. Unfortunately, the dose-response
effects of exercise on BMI in kg⋅m−2 and other outcomes
in overweight and obese children and adolescents remain
elusive.Thus, in order to not withhold a potentially beneficial
and safe intervention and until more definitive evidence
is available, it would appear prudent to recommend that
practitioners follow the guidelines specific to children and
adolescents as denoted in the 2008 Physical Activity Guide-
lines for Americans [98]. This includes at least 60 minutes
per day of moderate to vigorous physical activity, primar-
ily aerobic activity (running, hopping, skipping, jumping
rope, swimming, dancing, and bicycling) as well as muscle
strengthening activities and bone strengthening activities
(running, jumping rope, basketball, tennis, hopscotch, etc.)
[98].

While the focus of the current meta-analysis was on
the effects of exercise on BMI in kg⋅m−2 in overweight and
obese children and adolescents, it would appear plausible to
suggest that the addition of reduced caloric intake combined
with exercise may result in even greater reductions in BMI
in kg⋅m−2

.

However, a recent meta-analysis of randomized
controlled trials by Ho et al. found no statistically significant
differences in BMI in kg⋅m−2 between exercise and diet versus
diet-only groups [89]. Importantly, the authors concluded

that further randomized controlled trials with a rigorous
design are needed to confirm their findings. Until that time, it
would appear plausible to suggest that practitioners follow the
recent recommendations that, in addition to exercise, include
(1) the avoidance of sugar-sweetened beverages, (2) less food
with high caloric density, and (3) increased intake of fruits
and vegetables [99].

4.4. Strengths and Potential Limitations of Current Study.
In the investigative team’s opinion, there are at least four
strengths of the current meta-analysis. First, to the best of
the authors’ knowledge, this is the first trial sequential meta-
analysis that has examined the effects of exercise on BMI in
kg⋅m−2 in overweight and obese children and adolescents,
something that was not done in previous work by the inves-
tigative team [19]. This is important because it suggests that
changes in BMI in kg⋅m−2 are stable and not subject to a type
1 or type 2 error. Second, the inclusion of data regardingNNT,
percentile improvement, relative improvement, and absolute
number of overweight and obese children who might benefit
from participation in a regular exercise program provides
practical information to decision-makers with respect to
what treatment, or combination of treatments, to recommend
over others for overweight and obese children and adoles-
cents. Third, the calculation of PI provides future researchers
with an estimate of what effect they might expect to find
for BMI in kg⋅m−2 and several secondary outcomes (body
weight, fat mass, percent body fat, VO

2max in mL⋅kg−1⋅min−1,
and upper and lower muscular strength) if they were to con-
duct a randomized controlled exercise intervention trial in
overweight and obese children and adolescents. Fourth, this
supports previous work by the investigative team in which an
exercise minus control group improvement of approximately
3% was found for BMI 𝑧-score [19]. From the investigative
team’s perspective, the similar improvements observed for
both BMI 𝑧-score and BMI in kg⋅m−2 are important given
the continued controversy regarding which metric is the
most valid and reliable for assessing changes in adiposity
among children and adolescents. For example, while one
study reported that BMI 𝑧-score is the best BMI measure
for assessing adiposity in children and/or adolescents [100],
another [101], as well as more recent research [102], suggests
that both absolute and relative changes in BMI in kg⋅m−2
are better proxies for changes in adiposity. Thus, regardless
of which BMI measure is superior for measuring changes in
adiposity, something that is unlikely to be resolved in the near
future, the investigative team’s previous [19] as well as current
findings support similar exercise-induced improvements for
both.

As opposed to the strengths of the current meta-analysis,
there are at least five potential limitations. First, given the
statistically significant heterogeneity as well as high inconsis-
tency and diversity of the current findings as well as overlap-
ping PI and GRADE findings, one might conclude that insuf-
ficient evidence currently exists to conclude that exercise is
associated with statistically significant improvements in BMI
in kg⋅m−2 and selected secondary outcomes (body weight,
fat mass, percent body fat, VO

2max in mL⋅kg−1⋅min−1, and
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upper and lower muscular strength). Second, the statistically
significant findings for increases in upper and lower body
strength may need to be viewed with caution given that
these findings were limited to three results. Consequently,
the generalizability of these findings may be limited. Third,
the generalizability of the current findings beyond the popu-
lations and intervention protocols included may be limited.
Fourth, the results of the current meta-analysis, like any
meta-analysis, may suffer from ecological fallacy, phenomena
in which incorrect inferences about individual findings are
made based upon aggregate statistics [103]. Fifth, since the
search for studies focused on BMI in kg⋅m−2 as the primary
outcome, the results for all eight secondary outcomes may
represent a biased sample.

5. Conclusions

The results of the current systematic review of previousmeta-
analyses suggest that exercise is associated with reductions in
BMI in kg⋅m−2 among overweight and obese children and
adolescents. A need exists for randomized controlled trials
to identify sources of heterogeneity, including dose-response
studies.
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The low utilization of skilled birth attendants sustained high maternal mortality. The aim of this study was to assess its magnitude
and correlates in Northwest Ethiopia. A study was conducted on 373 randomly selected women who gave birth in the 12 months
preceding the survey. Correlates were identified using binary logistic regression. Skilled birth attendance was 18.8%. Inability
to perform cultural practices in health facilities (65.5%), expecting smooth delivery (63.4%), and far distance (62%) were the
main barriers. Women with urban residence (AOR = 5.46: 95% CI [2.21–13.49]), primary (AOR = 2.10: 95% CI [0.71–6.16])
and secondary-plus (AOR = 6.12: [1.39–26.92]) educational level, four-plus ANC visits (AOR = 17.33: 95% CI [4.22–71.29]), and
proximity to health centers (AOR= 5.67: 95%CI [1.47–25.67]) had higher odds of using skilled birth attendants thoughwomenwith
no labor complications had lower odds (AOR = 0.02: 95% CI [0.01–0.05]). Skilled birth attendance use was low. Urban residence,
primary-plus level of education, frequent ANC visits, living nearby the health centers, and a problem during labor were positively
correlated with skilled birth attendance utilization. Stakeholders should enhance girls’ education beyond primary level and ANC
services and shorten distances to health facilities.

1. Background

Though pregnancy and childbirth are a natural phenomenon
and is often an eventful process which most women aspire to
have at some point in their lives, this normal life affirming
process carries its own risk and complications to both the
mother and the newborn [1, 2]. Globally over half a million
reproductive age women (15–49 years) die every year from
pregnancy and childbirth complications and 300 million
women suffer from debilitating injuries [3, 4].

Many researchers documented that more than three-
fourths of maternal deaths are related to direct obstetric
causes, such as haemorrhage, sepsis, abortion, ruptured
uterus, and hypertensive diseases of pregnancy which are
easily preventable and treatable, and 77% of deaths occur
during or soon after childbirth (within 24 hours) [3, 5].
Eighty-eight to ninety-eight percent of these problems are
estimated to be avoidable, although over 99% of maternal

deaths in Sub-Saharan Africa (SSA) could not be prevented
[1, 2]. Maternal mortality in Ethiopia is the highest in the
World with an estimated maternal mortality ratio of 676
deaths per 100,000 live births in 2011 which slightly increased
from the 2005 maternal mortality ratio (MMR) level of 673
deaths per 100,000 live births [6, 7].

World leaders started to join their efforts together at
the dawn of the millennium by the MDG through the safe
motherhood initiative to decrease maternal morbidity and
mortality globally [8]. Targets were set at the International
Conference on Population and Development +5 (ICPD+5)
to have more than 80% of deliveries assisted by skilled birth
attendants globally by 2005, 85% by 2010, and 90% by 2015
[5]. In spite of all national and global efforts, the maternal
and newborn morbidity or mortality indices have shown no
change or only marginal reductions in the last five years
indicating that MDGs targets by 2015 are unachievable using
only current strategies [9]. One of the reasons for poor health
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outcomes among women and newborn is not using modern
health care services by sizable proportion of women [10–12].

Studies from both industrialized and developing coun-
tries indicated that maternal mortality has been generally low
when a higher proportion of deliveries are attended by skilled
birth attendants [13–16]. However, study result fromEthiopia,
Malawi, and Tanzania showed that socioeconomic status,
availability of facility, short labor duration, staff attitudes,
lack of privacy, reproductive behavior, cultural traditions, and
the patterns of decision making power within household are
mainly responsible factors for low utilization of skilled birth
attendants [17–19]. According to WHO, skilled birth atten-
dants are health professionals who have basic midwifery and
obstetric skills including nurses, midwives, and physicians
(WHO, 2004).

In Ethiopia, only 6% of births were delivered in health
facilities at 2000 and there is no significant increase in the
proportions of health facility delivery service utilization as
evidenced from the series of Ethiopian Demographic and
Health Surveys (EDHS) conducted in 2000, 2005, and 2011
whichwas found to be 6%, 8%, and 10% respectively [6, 7, 20].

Institutional delivery service utilization in Amhara
Region was only 10.1% according to the EDHS 2011 which
is equivalent to the national level of 10% [7]. However,
according to the service statistics report by Akansha Guagusa
Woreda Health Department, skilled delivery coverage was
21.7% in 2013 [21].

Therefore, this study was very crucial to measuring the
prevalence of skilled birth attendance utilization and its
correlates in remote areas of the second populous country
in Africa to enhance maternal health to thereby reduce
maternal morbidity and mortality in Ethiopia. The result will
also be very important for policy makers as documented
in the reproductive health road map to improve maternal
health in general and increase level of skilled birth attendance
by promoting quality antenatal care, make mothers have
skilled assistance during their delivery, strengthen capacity
of community health workers and community development
army to perform emergency obstetric care (EmOC).

2. Methods

This study was conducted in Akansha Guagusa Woreda
(district) inAwi zone, Amhara Regional State of Ethiopia.The
main town of the study district was located at a distance of
450 kilometers northwest of Addis Ababa. The Woreda was
administratively divided into seven clusters, 29 rural and 4
urban kebeles (the lowest administrative units). Clusters were
established according to availability of health center.The area
coverage of the study is 79881.75 square kilometers and was
inhabited by about 221,796 persons [22].

According to theWoredaHealthDepartment report there
were seven health centres and five private clinics. With
regard to health professionals employed in the woreda, there
were nine health officers, five B. Sc. nurses, 46 clinical
nurses, 16 midwifery nurses, one pharmacy technologist,
nine pharmacy technicians, two laboratory technologists,
11 laboratory technicians, and 80 health service extension

workers (primary healthworkers who had 10months training
onmainly disease prevention and promotion but do not have
obstetric skills) making a total of 179 health professionals.
The same source indicated that 28.4% mothers had four or
more ANC visits and 74% of children had taken Penta three
immunization.The average number of expected deliveries per
annum in the Woreda was 6520, that is, 2.9% of the total
population [21].

A community based cross-sectional study was conducted
in February 2014 among 373 women who had delivered in 12
months prior to the study.

The sample size was calculated using single population
proportion formula considering the Amhara Region skilled
birth attendance utilization level of 10.1% [5], a 95% confi-
dence level, 4% margin of error, 1.5 design effects, and 10%
nonresponse rate. First, Akansha Guagusa Woreda (district)
was purposely selected from eight Woredas from Awi zone.
Three clusters in the Woreda, from available seven, were
selected randomly. Two kebeles from each of the selected
three clusters were also drawn randomly which made it a
total of six kebeles. In each cluster, there are five health posts
and one health center which cater approximately 5000 and
25,000 households and people, respectively. The number of
womenwhodelivered in the past one year (about 6520 in size)
was obtained from registries of Health Services Extension
Workers (HSEWs) in selected kebeles. To select the estimated
sample size of 373, we used a multistage sampling scheme.
The sample size was then proportionally allocated (using
probability proportionate to size technique) according to the
size of women who delivered in the past one year in each
selected kebele. Then, in each kebele, study mothers were
randomly selected from the rosters of HSEWs. Finally, study
participants were identified using HSEWs as field guides.

An interviewer-administered pretested and close ended
questionnaire developed in the local language was used.
Mothers were briefed about the purpose of the study and
data were collected after a verbal informed consent. The
data collection was done by 12 female nurses supervised
by two senior supervisors with public health background.
Data quality was assured through careful design of the
questionnaire and training of the field staffs. Moreover, data
were checked for completeness and consistency.

Data were entered in Epi Info and exported to SPSS
for analysis. Bivariate and multivariate models using binary
logistic regression were run to assess any relationship
between independent variables and skilled birth attendant
utilization. Crude and adjusted odds ratios were used to
ascertain effect sizes for any association between the depen-
dent and predictor variables while significance was deter-
mined using 95% confidence intervals. Independent variables
found to be significant with 𝑝 value less than 0.05 at the
bivariate level were included in a multivariate logistic regres-
sion model to control for potential confounding variables.

Ethical approval was obtained from the Research Ethics
Committee of the School of Public Health, Addis Ababa
University, and approval letter was obtained from theWoreda
Administration Council. The purpose of the study was
explained to mothers and the survey was commenced after
obtaining verbal consent. Confidentiality of information was
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maintained by omitting any personal identifier from the
questionnaires.

3. Results

Altogether, 373 mothers participated in the survey. Of these,
more than three-fourths, 282 (75.6%), of them were from
rural areas and almost all, 367 (98.39%), of them were
Orthodox Christians. The main ethnic group was Agew,
290 (77.75%), and nearly one-third, 115 (30.83%), of them
were in the age range of 25–29 years with a mean age of
30.41 (±5.56) years. With regard to educational status of
respondents’, nearly two-thirds, 233 (62.47%), of them could
not read and write whereas only 54 (14.48%) of them had
attained secondary educational level and above.Majority, 347
(93.03%), of them were currently married. Among married,
19 (5.5%) of respondents’ husband were polygamous. Three
quarters, 278 (74.53%), of the mothers were housewives and
nearly half, 186 (49.87%), of them had five to seven house-
hold members. Concerning respondents’ monthly income,
majority, 124 (33.24%), of mothers were found in 701–1249
Ethiopian birrs income group which is less than two dollars
per day (a dollar is approximately 20 ETB during our study
period) (Table 1).

Analysis of the obstetric characteristics of study women
showed that 165 (44.24%) of respondents weremarried before
celebrating their 16th birthday and the mean age at first
marriage was 16.38 (±3.77) years. More than a third, 138
(37.00%), got their first pregnancy before the age of 19 years
with the mean age of 19.73 (±3.00). About 101 (27.08%) gave
their first birth before celebrating their 19th year of age
with the mean age at first childbirth of 20.52 (±2.99) years.
Moreover, 145 (38.87%) of them had more than four children
and 285 (76.41%) of them who recently gave birth to a child
had received antenatal care visits. Among 285 mothers who
had ANC visit, about 89 (31%) of them had only one visit
while 45 (16%) had four and more antenatal visits (Figure 1).
Out of the 285 pregnant mothers, only 150 (52.63%) of them
started ANC follow-up during the fourth month of their
recent pregnancy.

In addition, this study revealed that only 78 (20.91%) of
the mothers gave birth to their last babies at health facilities
including health posts where health extension workers (who
do not have education and training about basic obstetric
skills) are working, whereas only 70 (18.77%) of them were
attended by skilled birth attendants with basic obstetric
skills (with nursing and above level of training). Among
institutional deliveries assisted by skilled birth attendants, 43
(61.43%) of them delivered by spontaneous vaginal deliveries
while 21 (30.00%) and 6 (8.57%) of them were assisted to
give birth using instruments and through caesarean section,
respectively. On the other hand, 71 (19.0%) of women who
gave birth 12 months preceding the survey had history of
labor complications, mainly prolonged labor, vaginal bleed-
ing, and severe headache.

Nevertheless, from mothers who were not attended by
skilled birth attendants, 219 (58.71%) were assisted by family
members and relatives, 60 (16.08%) by health extension

Table 1: Sociodemographic characteristics of respondents in
Ankasha Guagusa Woreda, Awi zone, Amhara Region, Northwest
Ethiopia, 2014 (𝑛 = 373).

Characteristics of respondents Numbers Percent
Residence
Rural 282 75.60
Urban 91 24.40

Religion
Orthodox 367 98.39
Muslim 6 1.61

Ethnicity
Agew 290 77.75
Amhara 83 22.25

Woman’s education
No education 233 62.47
Primary 86 23.06
Secondary and above 54 14.48

Age group
≤24 53 14.21
25–29 115 30.83
30–34 110 29.49
≥35 95 25.47

Marital status
In marital union 347 93.03
Not in union† 26 6.97

Polygamous
No 328 94.5
Yes 19 5.5

Husband’s education
No education 192 55.33
Primary 88 25.36
Secondary and above 67 19.31

Woman’s occupation
Housewife 278 74.53
Others†† 95 25.47

Husband’s occupation
Farmer 264 76.08
Others†† 83 23.92

Household size
≤4 130 34.85
5–7 186 49.87
≥8 57 15.28

Monthly income (Eth. Birr)++
≤700 61 16.35
701–1249 124 33.24
1250–1799 121 32.44
≥1800 67 17.96

Source of income
Women themselves 54 14.5
Family and relatives 52 13.9
Both women and husbands 178 47.7
Husbands 89 23.9

†Not in union: single, divorced, and widowed and ††others: employee (gov-
ernment and private), petty traders, daily laborer, student, and handcrafter.
++Monthly income is calculated by converting annual crop yields and other
agricultural products they had in that year into monthly cash income using
the then market price of each merchandise and ultimately dividing it by 12.

workers, and 12 (3.22%) by traditional birth attendants, and
12 (3.22%) had to do it by themselves without any assistance.
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31%

53%

16%

Frequency of ANC visits
One visit
Two and three visits
Four visits and more

Figure 1: The distribution of respondents by their category of
frequency of antenatal care visits in Akansha GuagusaWoreda, Awi
zone, Amhara Region, Northwest Ethiopia, 2014.
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Figure 2: Reasons for home delivery among mothers in Akansha
Guagusa Woreda, Awi zone, Amhara Region, Northwest Ethiopia,
2014 (𝑛 = 295).

About 295 (79.09%) mothers gave a variety of reasons for
delivering at home; of these, 193 (65.42%) felt more com-
fortable to deliver at home since they will perform variety of
cultural practices, 187 (63.39%) assumed no problem during
home delivery as it is natural, 183 (62.03%) considered that
health facilities are located far from their places of residences,
and for 148 (50.17%) of the mothers their parents decided
where they should have a baby and preferred home as their
place of delivery (Figure 2).

Binary logistic regression models were fitted to iden-
tify correlates of skilled birth attendant utilization. The
first model which attempted to calibrate sociodemographic
correlates revealed that residence type has been found to

be strongly and significantly associated with skilled birth
attendance at both bivariate and multivariate levels.

Skilled birth attendance was COR = 7.15: 95% CI (4.07–
12.28) times more likely to be utilized among urbanites com-
pared with rural residents whereas when other confounding
sociodemographic variables were controlled, the odds of
skilled birth attendance utilization were AOR = 5.46: 95% CI
(2.21–13.49) times higher among urban residents compared
with their rural counterparts. On the other hand, skilled birth
attendance was COR = 2.59: 95% CI (1.33–5.05) and COR
= 9.83: 95% CI (4.95–19.52) times more likely to be utilized
among mothers who completed primary and secondary and
above level of education, respectively, compared with those
who had never been into formal schooling. However, the
significance of association vanishes at multivariate level for
primary level of education. When all the other sociodemo-
graphic variables are controlled, the odds of skilled birth
attendancewereAOR=6.12: 95%CI (1.39, 26.92) times higher
among those mothers whose educational level was secondary
and above compared with those with no education (Table 2).

The focus of the second model was to identify the repro-
ductive health related correlates of skilled birth attendance
utilization. Skilled birth attendant utilization among women
who had four or more antenatal care visits was AOR =
17.33: 95% CI (4.22–71.29) times higher compared to those
mothers with three and lower antenatal care visits (Table 3).
On the other hand, women who had been living in an area
nearby the health center were more likely to be assisted by
skilled birth attendants in their parturition time than those
mothers living closer to health post (AOR = 5.67: 95% CI
[1.47–25.67]) (Table 3). Moreover, the odds of skilled birth
attendant utilization among mothers who did not encounter
labour complication during current delivery was 98% times
less likely to deliver with the assistance of skilled professionals
than women who encountered complication (AOR = 0.02:
95% CI [0.01–0.05]) (Table 3).

4. Discussion

This study showed that about one-third of the women in
Akansha Guagusa Woreda had completed three visits of
antenatal care services. However, institutional delivery and
skilled birth attendant utilization were low, especially among
women from rural areas, who had three and less antenatal
care visits and were uneducated.

In this study less than one-fifth of the mothers (18.77%)
were assisted by skilled birth attendants during their recent
deliveries. Moreover, the study documented women who
were not attended by anyone during delivery. The prevalence
of skilled birth attendant utilization for the study district was
somewhat similar to the findings of other studies done in
Ethiopia, that is, Ephrtanagidim district, Kembata-Tembaro
zone, and Raya Alamata district [23–25]. However, it was
higher than the 2011 Ethiopian Demographic and Health
Survey finding, a study done in Sekela district, Metekel zone
of Ethiopia, and Afghanistan [7, 14, 23, 26]. This might be
due to improvements in accessing and utilizing the service
and community mobilization through health developmental
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Table 2: Sociodemographic characteristics associated with skilled birth attendance in Akansha GuagusaWoreda, Awi zone, Amhara Region,
North West Ethiopia, 2014.

Variables SBA use Crude odds ratio (95% CI) Adjusted odds ratio (95% CI)
No Yes

Residence
Rural 253 29 1.00 1.00
Urban 50 41 7.15 (4.07–12.58)∗∗∗ 5.46 (2.21–13.49)∗∗∗

Women’s education
No education 210 23 1.00 1.00
Primary 67 19 2.59 (1.33–5.05)∗∗ 2.10 (0.71–6.16)
Secondary and above 26 28 9.83 (4.95–19.52)∗∗∗ 6.12 (1.39–26.92)∗

Polygamy
No 271 57 0.36 (0.14–0.96)∗ 0.36 (0.12–1.16)
Yes 12 7 1.00 1.00

Husbands’ education
No education 172 20 1.00 1.00
Primary 77 11 1.23 (0.56–2.69) 0.68 (0.23–1.98)
Secondary and above 34 33 8.35 (4.29–16.25)∗∗∗ 2.04 (0.45–9.33)

Women’s occupation
Housewife 245 33 1.00 1.00
Others+ 58 37 4.74 (2.73–8.21)∗∗∗ 0.07 (0.00–2.00)

Husbands’ occupation
Farmers 234 30 1.00 1.00
Others† 49 34 5.41 (3.03–9.66)∗∗∗ 7.72 (0.17–83.54)

Household size
2–4 94 36 5.07 (1.29–6.61)∗∗∗ 0.83 (0.52–6.37)
5–7 156 30 1.06 (0.41–2.76) 0.76 (0.55–5.62)
8–12 53 4 1.00 1.00

Source of income
Women themselves 36 18 2.92 (1.92–6.61)∗∗ 1.43 (0.49–4.16)
Relatives and family 44 8 1.06 (0.41–2.76) 1.79 (0.58–5.49)
Both women and husbands 147 31 1.23 (0.61–2.49) 0.82 (0.34–1.99)
Husbands 76 13 1.00 1.00

Significance at ∗𝑝 value < 0.05, ∗∗𝑝 value < 0.01, and ∗∗∗𝑝 value < 0.001.
+Others: governmental workers, housewives, merchants, and daily laborers for respondents.
†Others: governmental workers, merchants, and daily laborers for husbands.

army which has been implemented in the country in recent
years. On the other hand, it was lower than those studies
conducted outside of Ethiopia (Southern Tanzania, Nigeria,
Namibia, and Nepal) and in Ethiopia (Bahir Dar, Woldia,
and Kilte Awlaelo) [8, 12, 26–30]. The differences could be
explained by the fact that women in those countries had
better economic status, educational status, and antenatal care
service coverage. However, Ethiopian studies were done in
urban contexts for which ANC coverage is higher.

This study also showed the association of place of resi-
dence with skilled birth attendant utilization. In particular,
mothers who resided in urban areas were more likely to
get skilled birth attendance compared to their counterparts
which is consistentwith the findings of similar studies done in
Ethiopia and other countries [4, 8, 13, 14, 24, 25, 29–35]. This
might be due to the increased availability and access to health

services and other infrastructures such as shorter distance to
health facilities, better roads and transportation, and more
information and education in urban than rural areas. The
media promoting good health have been widely available
in urban areas and rural residents might be influenced by
traditional practices.

Educational status of mothers was also significantly
associated with the utilization of skilled birth attendants.
Mothers who had attained primary and secondary and above
educational level were more likely to utilize skilled birth
attendant than those mothers who were unable to read
and write. This finding was in line with other studies that
were done in Ethiopia and other developing countries [8,
12–14, 25, 31–34, 36, 37]. This could be due to the fact
that educated women might have more access to written
information and could adapt tomodern cultural perspectives.
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Table 3: Obstetric characteristics associated with skilled birth attendance in Akansha GuagusaWoreda, Awi zone, NorthWest Ethiopia, 2014.

Variables SBA use Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI)
No Yes

Age at first marriage
8–15 years 148 17 0.21 (0.11–0.40)∗∗∗ 1.64 (0.35–7.64)
16–18 years 84 14 0.30 (0.15–0.60)∗∗ 0.76 (0.25–2.28)
19–27 years 71 39 1.00 1.00

Age at first pregnancy
14–18 years 120 18 0.53 (0.30–0.95)∗ 0.44 (0.11–1.67)
19–31 years 183 52 1.00 1.00

Parity
1–4 children 173 55 2.76 (1.49–5.09)∗∗ 1.82 (0.68–4.88)
5–12 children 130 15 1.00 1.00

Frequency of ANC visit
One visit 78 11 1.00 1.00
Two and three visits 121 30 1.76 (0.83–3.71) 2.52 (0.81–7.83)
Four visits and more 22 23 7.41 (3.14–17.52)∗∗∗ 17.33 (4.22–71.29)∗∗∗

Type of nearby HF
Health post 253 29 1.00 1.00
Health center 50 41 7.15 (4.07–12.58)∗∗∗ 5.67 (1.47–25.67)∗

Travelling hour
<1 hour 81 46 9.94 (2.29–43.23)∗∗ 3.75 (0.54–25.67)
1 hour 187 22 2.06 (0.46–9.15) 1.50 (0.25–9.08)
>1 hour 35 2 1.00 1.00

Ever given birth at HF
No 240 36 1.00 1.00
Yes 63 34 3.60 (2.09–6.20)∗∗∗ 0.77 (0.29–2.04)

Problem during current labour
No 283 22 0.04 (0.02–0.07)∗∗∗ 0.02 (0.01–0.05)∗∗∗

Yes 23 48 1.00 1.00
Significance at ∗𝑝 value < 0.05, ∗∗𝑝 value < 0.01, and ∗∗∗𝑝 value < 0.001.

Moreover, education empowers women so as to increase
autonomy and self-confidence to make them decide for their
better reproductive health needs.

Controlling other variables, frequency of antenatal care
visits during their last pregnancy was also found to be a
strong predictor of utilization of skilled birth attendants.
Those mothers who had four antenatal care visits and above
were more likely to deliver through the assistance of skilled
birth attendants than those mothers who had three and less
antenatal care visits. This finding was consistent with studies
done in developing countries includingArsi, Alamata, Tigray,
Dabat, Woldia, Mekelle, Fogera in Ethiopia, Nepal, Tanzania,
and Cambodia [4, 8, 13, 14, 24, 25, 29–35]. This might be
due to the fact that as the number of antenatal care visits
increases, women will be acquainted with basic information
on pregnancy and delivery related risks that require skilled
providers’ assistance.

Another important finding of this study was that mothers
who did not face any labour complications during recent
labour and delivery were 98% less likely to get skilled atten-
dant during their delivery compared to those mothers who
faced maternal complications. This implies that labouring

mothers decide to give birth in health facilities and require
the assistance of skilled birth attendants when they faced
difficulties and when repeated trials at home failed. Similar
findings were documented by other studies done in Sekela,
North Shewa, Agemssa, Wollega, and Metekel zone [13, 14,
23, 38, 39].

5. Conclusions

Utilization of skilled birth attendant is still very low with
a high number of deliveries being attended by unqualified
persons at home. There are still women who deliver by
themselves.Women’s higher education, urban residence type,
higher frequency of antenatal care visits, proximity of living
to a health center, and encountering complications during
current labour were found to be positively correlated with
skilled birth attendant utilization.Therefore, the government
should enhance secondary and above level of educational
attainment among females, promote universal antenatal care
follow-up service, and encourage mothers to utilize skilled
birth attendants during pregnancy and delivery. Good refer-
ral linkages should be established, health facilities should be
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staffed by professionals with basic obstetric skills and with
necessary supplies and medicines, and different means of
behavioral changing communication should be designed to
improve the demand.
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staff characteristics, andworking atmosphere.Methods. Data from the integrated qualitymanagement system (IQMS) for the health
sector inKenyawere used. Job satisfactionwasmeasuredwith 10 items andwith additional 5 items adapted to job situation inKenya.
Working atmosphere wasmeasuredwith 13 item questionnaire. A stepwise linear regression analysis was performedwith overall job
satisfaction and working atmosphere, aspects of job satisfaction, and individual characteristics. Results. Out of 832 questionnaires
handed out, 435 questionnaires were completed (response rate: 52.3%). Health care staff indicated high commitment to provide
quality services and low levels regarding the adequacy and functionality of equipment at their work station. The aspect “support
of the ministry of health” (𝛽 = 0.577) showed the highest score of explained variance (32.9%) regarding overall job satisfaction.
Conclusions. IQMS which also evaluates job satisfaction and working atmosphere of health care staff provides a good opportunity
for strengthening the recruitment and retention of health care staff as well as improving the provision of good quality of care.

1. Introduction

“At the heart of each and every health system, the workforce
is central to advancing health” [1]. Health care staff are
crucial for health service delivery and the provision of quality
care to patients. However, constraints such as limited career
opportunities, insufficient workforce, and low remuneration
are known to increase the risk that health care staff migrate
from their countries but also within countries such as from
faith-based to public hospitals [2–5]. Unattractive working
conditions of health care staff in combination with increased
risk of occupational exposure or political violence have been
identified as critical push factors that cause health care
workers based on low- and middle-income countries to try
and migrate abroad, including OECD countries [6].

The shortages of health care staff in low- and middle-
income countries are dramatic. In America 24.8 health care
workers per 1000 population are available, whereas, in Africa,
where the burden of disease is higher, there are only 2.3
health care workers per 1,000 population [7].These shortages
have important social and economic costs to the countries
concerned. It has been demonstrated that the financial loss
to a country caused by the emigration of a single nurse
is US$ 338,868 [6]. This is without any attempt to capture
the financial value of the social costs. The out-migration of
health care staff results in a loss of institutional memory and
absolute shortages of much needed skills and experience.
For a low-income country like Kenya it is particularly cost-
intensive to continually invest in the training of health care
staff and policy makers are keen to find ways to strengthen
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the so-called pull factors like career development, improve-
ment of working conditions, and greater financial rewards
to retain and motivate their health workforce [8]. A detailed
description about the health system in Kenya is presented
by the Global Health Observatory and WHO and within a
report of the National Coordinating Agency for Population
and Development, Kenya [9, 10].

Maternal and reproductive health outcomes are impor-
tant markers of the functionality of health systems. Whilst
progress has been made, achievement of the Millennium
Development Goals (MDGs) for maternal and reproductive
health by the year 2015 will remain elusive [11]. Weak health
systems impede the performance of health care staff and
prevent the delivery of quality care. Low levels of training,
insufficient supervision, support, and recognition all serve
to erode the motivation of health care staff [12], whilst
the overall lack of staff and difficult working conditions
leave health workers particularly those that provide maternal
health care at high risk of burnout [13]. In the frame of the
MillenniumDevelopment Goals maternal services have been
prioritized and in many settings they are provided free of
charge at the point of delivery which can cause demand for
services to be high [14]. Moreover, maternal health has long
been recognized to be an area where health workers and
communities including providers of traditional health care
have to work together, which makes relationships between
the formal health system and the community particularly
important.

Despite the important attention human resource issues
have received in recent years, health workers in many low-
income settings report their superiors taking little interest
in their job satisfaction and work environment, although
relatively simple and cost-effective steps can be taken to
improve them. It was shown that recognition, responsibility,
and training are the main motivational factors for retention
of health workers [15]. These motivational factors are closely
linked with the perception of job satisfaction. Therefore, the
aim of this study was to evaluate the job satisfaction of health
care staff working in maternal and reproductive health care
in Kenya and to explore associations between job satisfaction,
staff characteristics, and working atmosphere.

2. Methods

2.1. Design and Participants. In the frame of the collaboration
between the Gesellschaft für Internationale Zusammenarbeit
(GIZ) and the Kenyan Ministry of Health, a consortium
including evaplan GmbH at the University of Heidelberg and
the AQUA Institute in Germany and the Institute of Health
Policy, Management and Research (IHPMR) in Nairobi was
contracted to develop and implement an integrated quality
management system (IQMS) that was initially focused on
facilities providing reproductive and maternal health ser-
vices. The development of the IQMS is described by Herrler
et al. [16] and was inspired by the European Practice Assess-
ment (EPA) methodology [17]. EPA represents a quality
management program including validated instruments based
on quality indicators for assessing practice management
aiming at continuous improvement process [18].

Once the quality assessment tool IQMS had been devel-
oped it was field-tested at two facilities between January
and February 2013. Public health authorities from different
districts supported by GIZ (Kisumu East, Vihiga, Bondo,
Butere, and Gucha) were asked to recruit interested health
facilities. In total 36 health facilities responded to this
call with a letter of motivation. Finally, 10 health facilities
were selected to participate in this study. Inclusion criteria
included the facilities provided services for the prevention
of mother to child transmission and for survivors of gender-
based violence.

One part of the IQMS focused upon evaluating the job
satisfaction andworking atmosphere of health care staff.After
a pilot study, data were collected from health care staff work-
ing in 10 health facilities providingmaternal and reproductive
health care (district hospitals and health centres) across the
aforementioned districts in Kenya.

2.2. Procedure and Measurement. To measure job satisfac-
tion, aspects of working atmosphere, and other individual
characteristics all participants completed a written question-
naire. Staff were encouraged to fill out the survey whilst the
project coordinator was still at the facility. A collection box
was left to also gather the responses from staff that were
absent that day. All responses were anonymous. The ques-
tionnaire included the following items: structural questions
about gender and age, how many hours a week the health
care staff were contracted to work, and how many years they
had worked in the facility. Job satisfaction was measured
with 15 items that included a modified version of the Warr-
Cook-Wall (WCW) job satisfaction scale developed by Warr
et al. and additional 5 job satisfaction items for the specific
job situation in Kenya [19]. The WCW-instrument measures
overall job satisfaction and satisfaction with nine aspects of
work which can be aligned to the theoretical background
of the Two-Factor Theory found in Herzberg and colleagues
[20]. These items were “amount of variety in job,” “opportu-
nity to use abilities,” “amount of responsibility,” “recognition
for work,” “freedom of working method,” “physical working
condition,” “hours of work,” “income,” and “relations with
colleagues.” The additional 5 job satisfaction items for the
specific job situation in Kenya were “quality of materials and
equipment,” “time needed to receive the results of laboratory
tests,” “opportunities to attend training,” “opportunities for
career advancement,” and “support fromministry of health.”
Each item was rated on a 7-point Likert scale (1 = extreme
dissatisfaction to 7 = extreme satisfaction). A higher overall
mean score indicates higher satisfaction with job.The aspects
of working atmosphere were measured by 13 items such
as “the responsibilities within the team are clear,” “offering
suggestions to improve the facility,” “I can speak my mind
without fear of reprisal,” “the work atmosphere in the team is
good,” and “communicationwithmanagement is enough and
frequent.” Rating options ranged from “1” (strongly disagree)
to “5” (strongly agree). A higher overall mean score indicates
better perception of working atmosphere.

2.3. Data Analysis. The analyses were performed using SPSS
version 20.0 (SPSS Inc., IBM, USA). Continuous data was
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Table 1: Description of the study population.

Characteristics
Health care

staff
(𝑛 = 435)

Gendera

Male 174 (40.0%)
Female 250 (57.5%)

Age, years; mean (SD) 35.2 (10.6)
Contracted working hours per week; mean (SD) 46.7 (21.3)
Time period of employment; mean (SD) 5.9 (5.6)
Type of health care staffa

Nurse 120 (27.6%)
Cleaner 50 (11.5%)
Clinical officer 32 (7.4%)
Secretary/administration 23 (5.3%)
Laboratory technician 18 (4.1%)
Security 13 (3.0%)
Doctor 12 (2.8%)
Pharmacist 9 (2.1%)
Midwife 7 (1.6%)
Public health officer 3 (0.7%)
Other 94 (21.6)

a
𝑛 various due to missing data; SD standard deviation.

summarized using means and standard deviations. Categor-
ical data was presented as frequency counts and percent-
ages. Furthermore, a stepwise linear regression analysis was
performed with overall job satisfaction as the dependent
outcome variable and the different aspects of satisfactionwith
work, working atmosphere, and individual characteristics as
the potential predictors. An alpha level of 𝑃 < 0.05 was used
for tests of statistical significance.

2.4. Ethical Approval. Ethical clearance was obtained from
the Institutional Research Ethics Committee at Moi Uni-
versity, Kenya. All participants gave their informed consent.
All participants received a briefing of the findings and have
been involved in subsequent steps to improve the working
conditions at these facilities.

3. Results

3.1. Description of the Study Sample. The 10 participating
facilities can be described as follows: 3/10 were located in
urban areas, 2 were located in rural areas (information from
5 facilities was missing), 4/10 were assigned as health center,
5 were assigned as district hospital (information from 1
facility was missing), and 7/10 were government-owned and
financed.

Out of 832 questionnaires handed out in 10 facilities, 435
questionnaires of health care staff were returned (response
rate: 52.3%). Table 1 shows the characteristics of the par-
ticipating health care staff and their professional group
affiliation.The participants who returned their questionnaire

had a mean age of 35.2 years (SD = 10.6). The mean of
contracted working hours per week was 46.7 (SD = 21.3).The
mean time period of employment at the facility was nearly 6
years (SD = 5.6). A high proportion of health care staff was
nurses (27.6%).

Table 2 shows the results from the job satisfaction scale
and the additional 5 job satisfaction items for the special job
situation in Kenya. Health care staff in Kenya were highly
satisfied with “colleagues” (mean = 5.21) and “recognition for
work” (mean = 4.92) and less satisfied with “remuneration”
(mean = 3.43) and “the needed materials and equipment”
(mean = 3.71). Furthermore, the health care staff had a
satisfactory feeling regarding their overall job satisfaction
(mean = 4.87).

The different aspects of working atmosphere concerning
health care staff inKenya are presented inTable 3.Theyhighly
agree with the factors “my colleagues are committed to doing
quality work” (mean = 3.99), “offering suggestions to improve
the facility” (mean= 3.93), and “a good collaboration between
my facility and community health workers” (mean = 3.91).
The health care staff less agree with “the equipment in my
work station is adequate and in good working condition”
(mean = 2.57) and “a good collaboration between my facility
and traditional birth attendants” (mean = 2.81).

Table 4 shows the stepwise regression analysis of the
individual characteristics, working atmosphere, and satis-
faction with aspects of work on overall satisfaction for
health care staff in Kenya in this study. A model with 5
steps was carried out and explained more than 47% (𝑅2 =
0.476) of the variance on the dependent variable “overall
job satisfaction.” All regression coefficients of the items in
the stepwise regression analysis were statistically significant.
These were four items of job satisfaction: “the support of the
ministry of health,” “remuneration,” “needed materials and
equipment,” and “physical working condition” and one item
of working atmosphere “responsibilities within the team are
clear.” In the first step of the stepwise regression analysis the
item “the support of ministry of health” showed the highest
score (𝑅2 = 0.329) of explained variance. The last step was
reported in Table 4.

4. Discussion

In the last years there has been a growing interest in the work-
ing situation of health care staff in low- and middle-income
countries [21, 22]. As there is limited published research
on the relationship between job satisfaction and working
atmosphere, this study contributes additional knowledge to
a field of increasing importance.

Our study population presented a broad range of health
care staff. The largest group was the nurses with a proportion
of 27.6%. However, a high proportion of participants did not
mention their professional group. There is scope important
to examine the working situation of staff other than nurses
in further studies. The current study gives a first impression
of job satisfaction of health care staff in Kenya. In our study
population we found young staff combined with a high
number of contracted working hours per week and with
a short time period of employment of health care staff in
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Table 2: Descriptive statistics of job satisfaction of health care staff in Kenya (𝑛 = 435).

Rate your satisfaction with following statements. . .1 Mean (SD) CI (95%)
The physical working condition 4.37 (2.02) 4.12–4.56
The freedom to choose your own method of working 3.81 (2.20) 3.62–4.09
Your colleagues and fellow workers 5.21 (1.88) 5.00–5.40
The recognition of work 4.92 (2.08) 4.71–5.15
The amount of responsibility you are given 4.67 (2.20) 4.50–4.97
Your remuneration 3.43 (2.18) 3.32–3.79
The opportunity to use your abilities 4.73 (2.15) 4.54–5.00
Your hours of work 4.63 (2.31) 4.33–4.82
The amount of variety in your job 4.26 (2.13) 4.13–4.59
The materials and the equipment you need 3.71 (2.17) 3.46–3.92
The time needed to receive the results of laboratory tests 4.40 (2.10) 4.14–4.59
The opportunities to attend training 4.05 (2.37) 3.85–4.36
The opportunities for career advancement 3.88 (2.28) 3.65–4.14
The support from ministry of health 4.07 (2.17) 3.85–4.32
Taking everything into consideration, how do you feel about your job 4.87 (2.01) 4.68–5.11
1Range from 1 “very dissatisfied” to 7 “very satisfied.”

Table 3: Descriptive statistics of working atmosphere of health care staff in Kenya (𝑛 = 435).

Rate your agreement with following statements. . .1 Mean (SD) CI (95%)
Supervision is provided in a supportive manner at this facility 3.71 (1.40) 3.59–3.95
Responsibilities within the team are clear 3.81 (1.37) 3.61–3.98
I feel encouraged to offer suggestions to improve the facility 3.93 (1.42) 3.81–4.17
My suggestions for improvement are taken seriously 3.17 (1.50) 3.07–3.47
The working atmosphere in the team is good 3.64 (1.36) 3.37–3.75
My colleagues are committed to doing quality work 3.99 (1.27) 3.75–4.10
At the workstations I can speak my mind without fear of reprisal 3.51 (1.54) 3.23–3.65
The ministry headquarters keep employees informed about official matters 3.31 (1.53) 3.09–3.51
The communication with management is enough and frequent 3.29 (1.48) 3.07–3.46
The equipment in my work station is adequate and in good working condition 2.57 (1.47) 2.26–2.64
There is a good collaboration between my facility and traditional birth attendants 2.81 (1.53) 2.57–2.97
There is a good collaboration between my facility and community health workers 3.91 (1.28) 3.72–4.06
There is a good collaboration between my facility and community midwives 3.22 (1.49) 3.02–3.41
1Range from 1 “strongly disagree” to 5 “strongly agree.”

the facility. A possible explanation could be that positions
may be vacant and only few staff are working with a high
number of contracted working hours. This would reinforce
the impression of the highworkload being shouldered by very
few staff in Kenya. In general, a high turnover rate of health
care staff in Kenya can be observed [23]. Between 1999 and
2007 over 22% of the nurses in Kenya applied to out-migrate
mainly to the United States or United Kingdom [6, 23].
Unattractiveworking condition, limited career opportunities,
and weak health care systems produce dissatisfaction and
demotivation with work which are reasons for leaving the
country [24–26]. The results of our study showed that
health care staff were least satisfied with their remunera-
tion, material and equipment, freedom of working methods,
and possibilities for career development. Different studies
reported similar results about job satisfaction of health care

staff in low- and middle-income countries [12, 21, 26, 27].
An improvement of the working situation of health care staff
should be an important aim to strengthen a health care system
[28]. Investments in training, retention, and sustenance of
skilled health care workers in combination with recognition
of their performance are a promising approach [29]. Fur-
thermore, it was shown that recognition for work seems to
be a strong predictor for job satisfaction of health care staff
[30]. Moreover, as assumed by our data the collaboration
between the facility and traditional birth attendants should be
improved. It has been strongly recommended that qualified
and motivated staff are available to build relationships and
facilitate good cooperation with community members like in
our study and traditional birth attendants [28]. Reasons for
the poor cooperation between facility and traditional birth
attendants should be examined in further studies.
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Table 4: Associations of individual characteristics, working atmosphere, and satisfaction of aspects of work of health care staff on overall job
satisfaction (results of stepwise linear regression analysis, under specification of standardized beta coefficient, 𝛼 = 5%).

Step 1 Step 2 Step 3 Step 4 Step 5
The support of the ministry of health 0.577 0.440 0.382 0.326 0.281
Your remuneration 0.313 0.284 0.218 0.198
Responsibilities within the team are clear 0.221 0.193 0.176
The materials and the equipment you need 0.193 0.170
The physical working condition 0.137
Pseudo 𝑅2 0.329 0.405 0.446 0.467 0.476

Our data showed that relationships with colleagues have
a high impact on satisfaction with job. This result does not
surprise and was commonly observed internationally before
[31–33]. However, collegial relationships at the workplace
have been shown to mitigate an excessive workload. It
was demonstrated that a high satisfaction with colleagues
could reduce stress leading to more positive work envi-
ronment [34]. In addition, this underlines the importance
of organizing teamwork as in shifts to allow staff time-off,
to build relationships with colleagues and especially with
communities. It was shown that working in teams could
motivate health care staff on the one hand and on the other
hand it could increase effectiveness, responsiveness, and
job satisfaction. Moreover, it is a cost-effective motivational
factor for personnel retention [28].

Effective human resource strategies which support work-
ing condition of health care staff in low- and middle-income
countries are necessary and should focuse on different levels:
health system (macro level), health facility (micro level), and
health workers (individual level) [28]. As a result of our
study, we found a strong association between overall job
satisfaction and the support by theministry of health. It could
be assumed that supporting the facilities by the ministry
influences the perception of job satisfaction by staff.With the
implementation of the EmergencyHiringProgram supported
by the government more staff could be hired, trained, and
deployed [35, 36]. On the level of health facility concerning
our results investing in equipment and material could be
recommended. An important factor related to out-migration
pertains to workforce concerns regarding occupational risks
associated with the availability of safety equipment [6].
Paying attention to protecting staff from occupational risk is
also known to make staff feel more appreciated [37].

The study benefited from the usage of internationally
validated measures for the evaluation of job satisfaction
[17]. The results of this study have to be seen in relation
to maternal and reproductive health service and no general
conclusions of the results regarding health care staff could be
drawn. Moreover, our sample may not be representative for
all facilities that provide maternal and reproductive health
care in Kenya because we only involved facilities that took
part in the IQMS. Participation depended upon the facility
management’s interest to improve the quality of care as
articulated in a letter ofmotivation.The recruitment of health
facilities was conducted by public health authorities. There-
fore, a potential selection bias is indicated. Moreover, we
cannot analyze the job satisfaction of each professional group

separately because therewas no balanced proportion between
the different health care professional groups. Furthermore,
we cannot analyze the data regarding facility description
because there is too much information which is missing. In
addition, this was an exploratory study; 𝑃 values should be
interpreted carefully. Due to the exploratory character of this
study a sample size calculation could not be done. Significant
results might be due to chance and will need to be confirmed
in further targeted studies.

5. Conclusions

Job satisfaction and working atmosphere are important
indicators for recruitment and retention of health care staff
but also for the provision of good quality of care. Financial
and nonfinancial incentives serve as motivational factors
like increasing the remuneration, to invest in continuously
career development or to improve the work equipment.
However, these incentives will only have the desired effect,
if they are introduced in supportive work environments.
Therefore, an implementation of IQMS for maternal and
reproductive health care in Kenya which also evaluates job
satisfaction and working atmosphere of health care staff
in these facilities provides a good opportunity to develop
improvement strategies. Such improvement strategies should
be developed with the involvement of policy makers, health
facility managers, and health workers themselves.
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Background.Dietary exposure to high caffeine is a health risk for children.Governments are consideringmeasures to restrict the sale
of formulated caffeinated beverages (FCB) to children. Objectives. To investigate community concern about sales of high-caffeine
drinks to children amongWestern Australian adults and describe Australian andNewZealand regulatory processes regarding FCB.
Methods. Data from the 2009 and 2012 Department of Health’s Nutrition Monitoring Survey Series of 2,832 Western Australians
aged 18–64 years was pooled with descriptive and ordinal logistic regression analysis performed. Current regulatory processes for
FCB are reported. Results.Most (85%) participants were concerned about the sale of high-caffeine drinks to children; 77.4% were
very concerned in 2012 compared to 66.5% in 2009, p < .008. Females and those living with children had higher concern (odds
ratio (OR) 2.11; 95% confidence interval (CI) 1.44–3.10; OR 2.16; 95% CI 1.51–3.09, resp., p < .001). Concern increased with each
year of age (OR 1.04; 95% CI 1.02, 1.05, p < .001). Conclusions. Community concern regarding sale of high-caffeine energy drinks to
children is high and increasing. Being female and living with children were associated with greater concern.These findings support
the Australian and New Zealand regulatory controls of FCB, including labelling, promotion, and advertising to children.

1. Introduction

The growing concern regarding the consumption of caf-
feinated beverages such as energy drinks by children and
adolescents has led to considerations of how to control or
limit their intake by regulators andpublic health professionals
[1–4]. Currently, there is no established safe level of con-
sumption of caffeine for children and adolescents [5–7]. The
National Health and Medical Research Council’s Australian
Dietary Guidelines, 2013, specify that high-caffeine beverages
such as energy drinks are not suitable for children [8]. The
American Academy of Paediatrics states “that caffeine and
other stimulant substances contained in energy drinks have
no place in the diet of children and adolescents” [9].

Reports of the adverse health effects of consuming an
excess of energy drinks are increasing [10–13]. High acute

consumption of caffeine increases the risk of toxic effects,
particularly in children and adolescents who have not devel-
oped tolerance to caffeine [13, 14]. Clinical manifestations
of caffeine toxicity include serious adverse cardiovascular
effects, seizure, and deaths [14, 15]. Other effects include
sleep disturbance, increased anxiety, nausea, palpitations, and
headaches [6, 15, 16]. Childhood consumption may lead to
habitual intakes in adult life [6]. Concomitant consumption
of energy drinks and alcohol by youth has been identified
as a public health issue of concern for health promoters,
policy makers, and regulators [1, 12–14, 17, 18]. An additional
concern is thatmany caffeinated products are essentially a soft
drink, high in added sugar, nutrient poor, and energy dense,
promoted for sale based on their stimulatory effects [19].
The displacement of nutrients from the diets of energy drink
consumers and excess energy intake fromdiscretionary foods
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Table 1: Regulatory measures specific to the management of caffeine in food in Australia [22, 24, 25].

Regulatory measure Key requirements

Standard 2.6.4 of the Code-Formulated
Caffeinated Beverages

Must contain between 145mg/L and 320mg/L of caffeine and comply with labelling
provisions disclosing nutrient composition including caffeine content (per serving
and per 100mL), along with daily usage and warnings that product is not suitable
for children, pregnant, or lactating women

Standard 1.3.1 of the Code-Food Additives Caffeine is approved as a food additive (flavour) in cola type drinks to a maximum
amount of 145mg/L

Standard 2.6.2 of the
Code-Non-Alcoholic Beverages and
Brewed Soft Drinks

Caffeine is prohibited as an ingredient in formulated beverage products

Standard 1.2.4 of the Code-Labelling of
Ingredients Caffeine must be included in the ingredient list where caffeine is added to the food

Standard 1.2.3 of the Code-Mandatory
Warning and Advisory Statements and
Declarations

Foods that contain guarana (rich in caffeine) are required to have an advisory
statement on the label that the food contains caffeine. Other foods such as coffee,
tea, and cocoa are not required to declare the presence of caffeine

New Zealand Food Safety Authority.
New Zealand Food (Supplemented Food)
Standard 2013

Foods that meet the definition of supplemented foods (excluding foods that meet
the definition specified in Standard 2.6.4 of the Code) may contain caffeine for
purposes other than as an additive. If containing more caffeine than is required to
achieve a technological function under conditions of Good Manufacturing Practice
the label on the package of supplemented food must include caffeine content (per
serving and per 100mL), along with daily usage and warnings that product is not
suitable for children, pregnant, or lactating women
Guarana may be added to a supplemented food, with the restriction that the label
must include an advisory statement that the food contains caffeine

contribute to obesity and related chronic disease, including
cardiometabolic disease [8, 19].

Health promotion uses a combination of strategies to
improve health of the population including environmen-
tal changes through food regulation [20]. The Australian
Beverage Council asserts that energy drinks in Australia
are stringently regulated [21]. Energy drinks are classified
and regulated as a food under Standard 2.6.4-Formulated
Caffeinated Beverages (FCB) of the Australia New Zealand
Food Standards Code (the Code).This standard specifies that
energy drinks contain between 145mg/L and 320mg/L of
caffeine; comply to labelling provisions disclosing nutrient
composition including caffeine content (per serving and per
100mL) along with daily usage; and display warnings that
product is not suitable for children, pregnant, or lactating
women [22]. The United States (US) and Europe do not have
an upper limit for caffeinated beverages [2]. The industry
claims that the products are not marketed or promoted to
children; however, half of sales are through the supermarket
where there is no restriction on who purchases them [21].

Standard 2.6.4 of the Code was developed in 2001,
amidst community concern regarding the availability of
these caffeinated beverages to children [2]. Energy drinks,
termed as FCB, are defined as “a non-alcoholic water-based
flavoured beverage which contains caffeine and may contain
carbohydrates, amino acids, vitamins and other substances,
including other foods, for the purpose of enhancing mental
performance” [22]. Although the concentration of caffeine in
FCB is specified, the volume of a retail unit and therefore
the amount of caffeine consumed per retail unit are not
regulated. In addition to Standard 2.6.4, other standards
regulate caffeine in food (Table 1).

Community opinion can inform regulatory process with
consultation with key stakeholders, including the commu-
nity, identified as “an instrumental component of the joint
food regulation system, and is fundamental to the develop-
ment of good food regulation policy” [23]. Assessing commu-
nity attitudes and perceptions toward regulatory issues helps
inform decision making.

This paper explores the attitudes of adults living in
Western Australia to the sale of caffeinated beverages to
children aged 12 years or younger. The aim was to measure
the current level of community concern; assess changes
between 2009 and 2012; and explore factors associated with
attitudes including demographics and behaviour. This paper
also describes the Australian and NZ regulatory decision
making process and outcomes regarding FCB and other foods
containing caffeine.

2. Methods

2.1. Surveys. Data from theDepartment of Health inWestern
Australia’s (WA) statewide 2009 and 2012 Nutrition Monitor
Survey Series (NMSS) were pooled for this analysis. Com-
puter assisted telephone interviews of WA adults aged 18 to
64 years were conducted in July to August 2009 and 2012.
The sampleswere randomly drawn from the ElectronicWhite
Pages for WA and stratified according to area of residence.
All sample households with an address were sent a primary
approach letter explaining the purpose of the survey, how the
sample was selected, who would be asked to do the survey,
and about how long it would take. Every household in the
initial sample was called and asked if someone aged 18–64
years was resident and, if so, which one had the most recent
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Table 2: Sample demographics of Nutrition Monitoring Survey Series, Western Australia, 2009 and 2012.

2009
𝑛 = 1284

2012
𝑛 = 1548

Total
𝑛 = 2832

Weighteda
%

Gender
Female 830 1005 1,835 49.2
Male 454 543 997 50.8

Age groups
18–24 years 71 66 137 15.6
25–34 years 180 144 324 22.5
35–44 years 340 377 717 22.7
45–54 years 356 466 822 21.6
55–64 years 337 495 832 17.7

Area of residence
Metropolitan 965 1011 1976 79.3
Remote (Kimberley and Pilbara) 29 82 111 3.6
Rural 290 455 745 17.1

aPercentages were weighted for probability of selection and adjusted by age, sex, and geographic area to the 2011 Estimated Resident Population of Western
Australia.

birthday. No substitutes were accepted. The response rate
(completed/contacted) was 81.6% and 82.4% for 2009 and
2012, respectively. Surveys were granted approval from the
WA Department of Human Research Ethics Committee.

2.2.Measures. Participants were asked to rate how concerned
they were about the sale of high-caffeine drinks to children
12 years or younger using a five-point Likert scale from
one “not very concerned”; “somewhat concerned”; “neither
unconcerned nor concerned”; and “quite concerned” to five
points “very concerned.”

Their attitudes towards healthy eating were gauged by
asking about the attention they paid to the health aspects of
the food they eat, with the options of “pay a lot of attention,”
“take a bit of notice,” or “don’t really think about it.”

Demographic data collected were age, gender, education
level, household income, employment status, country of
birth, residential area, and living arrangement. Participants’
self-reported height and weight were used to derive their
body mass index.

2.3. Statistical Analysis. Data were pooled and weighted to
account for sample design and post adjusted for age, sex,
and geographic area of 2011 Estimated Resident Population
of WA as it was the most recent census year. Descriptive
statistics were used to report the prevalence of participants’
concern about sales of high-caffeine drink to children 12
years or younger. Ordinal logistic regression on participants’
attitude toward sales of high-caffeine drink was performed.
The direction of the rating in the regression went from one
“not very concerned” to five “very concerned.” A full model
includes the following variables: survey year, demographics
(gender, age group, education level, income, employment
status, whether living with children, country of birth, and
residential area), body mass index, and attention they paid to
the health aspect of the food they eat. 𝑝 values were derived

from a survey design-based Pearson chi square test. Only
variables with 𝑝 value < .05 were retained in the final model
and reported, with the exception of survey year which was
retained in the model regardless of its significance. Survey
module of Stata software version 12.0 (StataCorp LP, College
Station, TX) was used for all analyses.

3. Results

A total of 2832 adults participated in the 2009 and 2012
surveys, and the sample details are shown in Table 2.

Table 3 shows that overall 85% of participants were
“quite” or “very” concerned about the sales of high-caffeine
drinks to children. Significantly more participants were
“very concerned” in 2012 (77%) than in 2009 (67%), 𝑝 <
.008 (Table 3).

Regression analysis revealed female participants (OR 2.11)
and those who live with children (OR 2.16) were twice as
likely to be more concerned than their counterparts (Table 4,
all 𝑝 values < .05). Participants’ concern also increased with
age; for each incremental yearly increase in age participants
were more likely to rate a high level of concern (OR 1.04).
Participants residing in remote areas were significantly less
likely to be very concerned than those living in other areas.
There was no significant difference between participants’
concern level across survey years when the other variables
(body mass index and attention paid to the health aspect of
food eaten) were included in the model.

4. Discussion

Community concern regarding the sale of high-caffeine
drinks to children 12 years or younger remains high and
increased between 2009 and 2012. As would be expected,
females and participants living with children showed a
higher level of concern. People in the community who are
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Table 3: Prevalence of how concerned participants are about the sale of high-caffeine drinks to children 12 years or younger, NMSS, 2009
and 2012.

Total 2009 2012
𝑝 valueb

% % [95% CI] % [95% CI]
Original categories (𝑛 = 2192) .008

Not very concerned 5.3 [4.0, 7.1] 6.3 [4.4, 8.9] 3.5 [2.1, 5.7]
Somewhat concerned 5.9 [4.5, 7.9] 6.1 [4.3, 8.4] 5.7 [3.3, 9.7]
Neither unconcerned or concerned 2.9 [2.1, 4.0] 3.4 [2.3, 5.0] 2.0 [1.2, 3.4]
Quite concerned 14.9 [12.9, 17.1] 17.1 [14.4, 20.2] 10.8 [8.2, 13.9]
Very concerned 70.3 [67.7, 72.9] 66.5 [63.0, 69.8] 77.4 [73.0, 81.3]
Do not know 0.6 [0.3, 1.1] 0.6 [0.3, 1.4] 0.5 [0.2, 1.4]

Combined categories (𝑛 = 2122)a .003
Not very concerned 5.5 [4.1, 7.3] 6.6 [4.6, 9.3] 3.6 [2.2, 5.8]
Somewhat/quite concerned 21.7 [19.2, 24.3] 24.2 [21.0, 27.7] 17.1 [13.4, 21.5]
Very concerned 72.8 [70.2, 75.4] 69.3 [65.7, 72.6] 79.4 [74.8, 83.3]

aExcluded participants who said “neither unconcerned or concerned” and “don’t know.”
bp values were derived from a survey design-based Pearson chi square test.

Table 4: Factors related to how concerned the participants are about sale of high-caffeine food to children 12 years old or younger, NMSS,
2009 and 2012.

How concerned the participants are about sales of high-caffeine
food to children (from “not very” to “very” concerned)

OR [95% CI]
Survey year

2009 1.00
2012 1.38 [0.88, 2.17]

Gender
Male 1.00
Female 2.11 [1.44, 3.10]∗∗∗

Age (years) 1.04 [1.02, 1.05]∗∗∗

Living with children
No 1.00
Yes 2.16 [1.51, 3.09]∗∗∗

Residential area
Metro 1.00
Remote (Kimberley and Pilbara) 0.55 [0.31, 0.99]∗

Rural 1.21 [0.82, 1.78]
∗

𝑝 < .05; ∗∗∗𝑝 < .001. Results are odds ratio [95% confidence interval] from an ordinal logistic regression. The outcome variable is on a five-point Likert
scale, from “not very concerned” (1) to “very concerned” (5).

responsible for caring for children may be more aware of
the availability of high-caffeine energy drinks to children,
influences on children’s dietary choices, and adverse impacts
of energy drink ingredients.

Our findings show general population concern about
sales of high-caffeine drinks to children, broader than US
research which found that consumers of high-caffeinated
beverages were concerned about product safety. A market
research company assessed attitudes of consumers and non-
consumers of energy drinks in the US finding that 59% of
those consuming energy drinks were concerned about possi-
ble adverse health effects [26]. Thirty-nine percent of people
surveyed had reduced their intake due to perceived adverse

health effects, and the majority supported the inclusion of
maximum daily intake levels of caffeine information on the
label (79% female; 71% male).

Our findings of high community concern are important
as there has been a rapid growth in the number and types of
caffeinated beverage products on the market. Between 2001
and 2010, energy drink sales in Australasia have quadrupled
from 34.5 to 155.6 million litres and are predicted to reach
220 million litres by 2018 [2, 27]. The market leader, Frucor
Beverages brand V, owned by Suntory Holdings, accounts
for more than a third of sales volumes in Australasia. Red
Bull (owned by Red Bull Australia Pty Ltd.) and Mother
(owned by Coca-Cola Amatil) are also brand leaders, with



BioMed Research International 5

Mother and V Australasian market specific brands [27]. The
marketing of energy drinks is designed to appeal to young
people, for example, edgy campaigns incorporating extreme
sports [2, 28] such as the Red Bull Stratos promotion of Felix
Baumgartner 9.09-minute fall from the stratosphere back to
earth [29].

Regulatory organisations, researchers, and health pro-
moters across the world are investigating the risks of energy
drink consumption in vulnerable populations and there is
national and international discourse on the risk of caffeine
of consumption by vulnerable groups amidst increasing
sales in the energy drink market. These risk assessments on
energy drinks may help inform regulatory decision making
in Australia. In 2010, Health Canada created the expert
panel on caffeinated energy drinks to review the safety of
caffeinated energy drinks in the food supply which concluded
that although the risk of adverse health effects following the
consumption of energy drinks in the Canadian context was
low, serious adverse event signals had occurred [30]. The
EFSA safety assessment of caffeine concluded that there was
a lack of evidence on which to set a safe level of caffeine
consumption for either children or adolescents [31]. The
French Agency for Food, Environmental and Occupational
Health& Safety (ANSES) concluded that a causal relationship
between energy drink intake and adverse symptoms was
assessed likely or very likely in 25 out of 212 analysed cases,
reported to the agency since 2008 [10]. ANSES recommended
that “at risk” individuals including children and adolescents
should avoid consuming energy drinks and that energy
drinks should not be consumed with alcohol or during
exercise [10].

Globally, the consumption of caffeinated beverages
amongst children and younger adolescents appears to be
increasing [10, 17, 32]; however, there is a lack of current
Australian and NZ dietary consumption trend data. The
current risk assessment of caffeinated beverages in children
used NZ intake data that is over 10 years old to guide policy
options deliberations [2]. The estimated caffeine consump-
tion derived from the 2002 NZ Children’s National Nutrition
Survey with the addition of one retail unit of an energy drink
estimated that 70% of children and 40% of teenagers would
exceed an adverse effect level of 3mg/kg bw/day [7].The 2012
Australian Health Survey estimated that the usual daily caf-
feine consumption in children 9–13 years was 23mg per day
for boys and 18mg/day for girls; and the intake at the 95th per-
centile was 81mg per day and 63mg per day, respectively [33].

There is no established dietary reference standard, such
as an acceptable daily intake (ADI) level, for caffeine
intake in children or adolescents; however, ≤2.5mg/kg body
weight/day level has been used in risk assessments [6, 7, 10,
34]. In 2000, in a review of safety of dietary caffeine con-
sumption including toxicological/pharmacological effects,
addictive effects, or other hazards at low doses, the authors
concluded that the “no effect” dose response, along with
the threshold dose for behavioural effects in children, has
yet to be established [6]. A recent systematic review of the
health effects of energy drinks concluded that a precautionary
approach was warranted until sufficient scientific evidence is
available to establish safe levels of dietary consumption [5].

Consumption needs to be explored beyond mean intakes
as there is evidence of high chronic and high acute caffeinated
beverage consumption among children and adolescents. A
survey across 16 European Union countries found that 18%
of children and 68% of adolescents consumed at least one
energy drink in the past year (average exposures were
1.01mg/kg bw/day and 0.38mg/kg bw/day, resp.) and energy
drinks contributed on average 43% and 13% to total caffeine
intakes [35]. However, this does not identify high or chronic
consumption patterns. The proportion of children and ado-
lescents assessed as “high chronic consumers” (minimum
intake of 4-5 energy drinks per week) was 16% (average intake
0.95 L/week) and 12% (average intake 7 L/month), respec-
tively. Of note, 12% of adolescents were also assessed as “high
acute consumers” (energy drink intake ≥1.065 L/session).

In Australia the number of calls to the New South Wales
PoisonCentre inAustralia regarding toxic effects experienced
following energy drink exposure increased from 12 in 2004 to
65 in 2010, highlighting this issue of high acute consumption,
with adolescents identified as being particularly at risk [12].
This led to the recommendation that energy drinks include
the national poison hotline number on the energy drink label.

The Australia and New Zealand Food Regulatory System and
Response. In Australia and New Zealand (NZ), the system
of food policy and laws is founded by two key agreements.
Firstly, the Food Regulation Agreement (Australia) between
the Commonwealth and the States and Territories brings
into operation a consistent and cooperative approach to
food regulation across Australia. This agreement established
several policy bodies: the Australia and New Zealand Food
Regulation Ministerial Council (Ministerial Council), which
became the Legislative and Governance Forum on Food
Regulation (the Forum) in February 2011, alongwith the Food
Regulation Standing Committee (FRSC). Secondly, the Joint
Food Standards Treaty between Australia and NZ principally
facilitates trade between these nations. These agreements are
supported by the Food Standards Australia New Zealand Act
1991 (FSANZAct), which established FSANZ as the statutory
organisation charged with developing and administering the
Code. The Food Regulatory System (FRS) separates policy,
standards development, and implementation and enforce-
ment decision making processes [23].

Provision of safe food for all Australians andNewZealan-
ders, especially for vulnerable subgroups in the population, is
a key tenet of the FRS. Under the FSANZ Act, the objectives
(in descending priority order) of the Authority in developing
or reviewing food regulatory measures and variations of
food regulatory measures are (a) protection of public health
and safety; (b) provision of information relating to food
to enable consumers to make informed choices; and (c)
prevention of misleading or deceptive conduct [36]. The
Act also requires FSANZ to consider trade and industry
issues such as competitiveness and efficiency, along with
alignment to both national and international food standards.
Additionally, risk assessments need to be based on the best
scientific evidence. During the review or development of the
Code, FSANZ is required to have regard to policy guidelines
[36].
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In 2003, the Ministerial Council developed its Policy
Guideline on the Addition of Caffeine to Foods (Policy
Guideline) with the aim of minimising the risk of dietary
exposure to caffeine of at risk individuals in the popula-
tion [2, 37]. In addition to the high order principles, the
policy guidance statements include specific policy principles
relating to caffeine risks [37, p. Ministerial Council Policy
Guideline on the Addition of Caffeine to Foods] as follows.

2003 Ministerial Council Policy Guideline on
the Addition of Caffeine to Foods
“Other Principles

(1) Endeavour to limit the possible adverse effect of
caffeine-containing foods on vulnerable subgroups of
the population.

(2) Ensure that the effect of caffeine additions to individ-
ual foods is considered in the context of the total diet.

(3) Ensure the appropriate use of advisory statements on
caffeine-containing foods in alignment with scientifi-
cally substantiated risk to vulnerable subgroups of the
population.

Until further evidence becomes available, maintain the status
quo (as currently in place in Australia) for caffeine regulation
by

(i) Maintaining the current additive permissions for
caffeine;

(ii) Restricting the use of new products containing
non-traditional caffeine rich ingredients (including
guarana) to boost the caffeine content in other foods,
beyond the current provisions for caffeine.

Caffeinated cola drinks and formulated caffeinated beverages
will be permitted in accordance with the current standards.
Foods, which naturally contain caffeine and have a long
history of use and consumer awareness/association with
caffeine, such as tea, coffee, and cocoa, are to be exempted
from the labelling provisions and the use of these foods
naturally containing caffeine to be added to other foods will
continue to be allowed. Guarana, as a non-traditional food
containing caffeine, will continue to have special labelling
provisions outlined in the Food Standards Code.”

The review was ordered in response to ongoing public
concern regarding the health implications of caffeinated
beverage consumption, given the growth in the number
and types of caffeinated products on the market [2]. The
scope of the review included examination of current scientific
evidence on the health effects of consuming caffeine (with
a focus on the effects of dietary exposure of vulnerable
population subgroups including children and adolescents);
industry energy drink developments, for example, growth
in the marketplace; and consideration of regulatory actions
taken in other countries (e.g., for best practice and trade
implications) [2]. Three policy options were proposed: to
update; to maintain (keep the status quo); or to rescind
the current Policy Guideline. After reviewing the evidence
and following public consultation, a new Ministerial Policy

Guideline-Regulatory Management of Caffeine in the Food
Supply was endorsed on 27 June 2014 [38], with policy
guidance statements, in addition to the high order principles
[38, p. Ministerial Policy Guideline Regulatory Management
of Caffeine in the Food Supply], as follows.

2014 Ministerial Policy Guideline Regulatory Management of
Caffeine in the Food Supply
“Specific Policy Principles. The regulatory management of
caffeine in the food supply should

(a) be based on risk analysis ensuring consideration of
general population and taking into account vulner-
able population groups including children, adoles-
cents, pregnant, and lactating women and caffeine
sensitive consumers;

(b) consider exposure to caffeine from all dietary sources;
(c) be informed by emerging evidence and the regulation

of caffeine in overseas jurisdictions.

Additional Policy Advice

FSANZ is encouraged to work with research agencies
to monitor caffeine consumption across the popula-
tion, including consumption by vulnerable popula-
tion groups.
Regulatorymanagement of caffeine in the food supply
may include regulatory and non-regulatory riskman-
agement approaches.”

Despite the regulatory controls for FCB already in place,
there is a high level of concern about sale of these bev-
erages to children. In Australia, there have been calls to
ban the sale of energy drinks to children and adolescents
by the Country Women’s Association with backing from
the Australian Medical Association (AMA) [39]. Following
the inaugural international energy drinks 2014 conference
held in Australia, attendees released a statement highlighting
evidence of adverse events associated with energy drink
consumption and called for stronger regulatory approaches
as the current measures had failed to protect the at risk
subgroups, particularly children [40].

Measures proposed to reduce caffeine consumption in at
risk subgroups include specifying a maximum retail unit vol-
ume, reducing the caffeine level in energy drinks, banning the
sale of energy drinks to people under 18 years of age, restrict-
ing advertising and marketing of energy drinks to children
and adolescents including events targeting this age group,
and strengthening health warning advice to consumers [3,
13, 28, 30, 40, 41]. In response to concerns raised in Europe,
Lithuania enacted a law banning the sale and advertising of
energy drinks to people under eighteen years of age [42].

The findings of this current research suggest that the
Australian and NZ government policy response is lagging
behind public concern regarding the sale of caffeinated bev-
erages to children. The Australian and NZ Food Regulation
System identifies its stakeholders as including individual
consumers, industry bodies, primary producers, food manu-
facturers, importers and retailers, public health organisations,



BioMed Research International 7

consumer advocacy organisations, and community groups.
There are opportunities during the development of standards
for stakeholders to respond to public consultations. From
time to time consumer research is undertaken by FSANZ and
regular monitoring of public concern and opinion regarding
contemporary food regulation issues is a role of government,
such as the NMSS reported here.

Minimising the adverse events related to energy drink
consumption is the policy goal and there are increasing calls
for urgent action [40, 43, 44]. Strength of community opinion
is considered when developing regulatory policy options and
currently, across the WA population, adults support the use
of food regulatory control of food labelling and advertising
[45]. It is important that governments set limits to control the
supply and promotion of food products with adverse health
implications, particularly for vulnerable population groups.
The Forum endorsement of the revised policy guideline on
the regulatory management of caffeine in the food supply
was, in part, in response to public concerns raised about risks
associated with dietary exposure. This policy guideline will
be used to guide the development or review of food standards
relating to this important issue.

A limitation of this current research is that it is a
cross-sectional study based on self-reported opinion which
may be influenced by perceived social desirability and as
the survey was conducted on an Australian population,
care should be taken in generalising the findings. Further
monitoring and surveillance of the contribution of specific
foods to total caffeine intake is recommended, including
coffee, tea, soft drinks, and energy drinks. Monitoring should
report on mean caffeine intake, high acute and high chronic
consumption levels, and the intake of population groups who
are sensitive to caffeine, particularly children and adolescents.

5. Conclusion

Thefindings of high and growing level of community concern
in WA regarding consumption of high caffeinated beverages
to children, particularly by females, those living with chil-
dren, and with increasing age, coupled with the worldwide
public and scientific community concerns regarding adverse
health effects for children and adolescents, are of interest to
health promoters and regulators. In the current context of
limited dietary intake data and the lack of an established
acceptable daily intake level and considering the potential
adverse health effects of acute or high intake, the precau-
tionary principle applies. It is important that government
maintain regulatory controls of formulated caffeinated bev-
erages, including labelling, promotion, advertising, and sale
of these beverages to children. The research findings suggest
that the Australian and New Zealand government policy
response is lagging behind public concern regarding the sale
of caffeinated beverages to children.
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Recently, two quantitative tools have emerged for predicting the health impacts of projects that change population physical activity:
the Health Economic Assessment Tool (HEAT) and Dynamic Modeling for Health Impact Assessment (DYNAMO-HIA). HEAT
has been used to support health impact assessments of transportation infrastructure projects, but DYNAMO-HIA has not been
previously employed for this purpose nor have the two tools been compared. To demonstrate the use of DYNAMO-HIA for
supporting health impact assessments of transportation infrastructure projects, we employed the model in three communities
(urban, suburban, and rural) inNorthCarolina.We also comparedDYNAMO-HIAandHEATpredictions in the urban community.
Using DYNAMO-HIA, we estimated benefit-cost ratios of 20.2 (95% C.I.: 8.7–30.6), 0.6 (0.3–0.9), and 4.7 (2.1–7.1) for the urban,
suburban, and rural projects, respectively. For a 40-year time period, the HEAT predictions of deaths avoided by the urban
infrastructure project were three times as high as DYNAMO-HIA’s predictions due to HEAT’s inability to account for changing
population health characteristics over time. Quantitative health impact assessment coupled with economic valuation is a powerful
tool for integrating health considerations into transportation decision-making. However, to avoid overestimating benefits, such
quantitative HIAs should use dynamic, rather than static, approaches.

1. Introduction

In theUnited States, approximately 234,000 premature deaths
are associated with physical inactivity each year [1]. The
built environment influences walking and biking for trans-
portation and, in turn, total physical activity [2, 3]. Many
communities in the United States are designed in ways that
do not support walking and biking, thereby contributing to
low levels of physical activity [4]. Recently, transportation
agencies across the United States have sought to integrate
health considerations into decision-making [5, 6]. Health
impact assessment (HIA) has emerged as a systematic frame-
work for considering how decisions, such as modifications
to the built environment, may impact public health and
has informed a variety of decisions in the transportation

sector [7, 8]. However, most transportation HIAs conducted
to date have provided qualitative rather than quantitative
estimates of health benefits arising from changes in physical
activity (e.g., indicating that physical activity is expected to
increase, without estimating the magnitude of the increase)
[9]. Existing research links the built environment to physical
activity levels and health outcomes, but quantitative models
to predict the health impacts of modifications to the built
environment remain poorly developed [10–12].

Within the past four years, two new tools to support
quantitative HIAs have emerged. The first tool, the Health
Economic Assessment Tool (HEAT) for cycling and walking,
was introduced by the World Health Organization in 2011
[13]. More recently, the European Union Health Programme
released the Dynamic Model for Health Impact Assessment

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 812325, 14 pages
http://dx.doi.org/10.1155/2015/812325

http://dx.doi.org/10.1155/2015/812325


2 BioMed Research International

(DYNAMO-HIA) [14]. These two tools employ fundamen-
tally different methods; while DYNAMO-HIA is dynamic,
capable of tracking changes in population health over many
years, HEAT is static, providing health impact estimates for
a single year. The HEAT method has been used in several
HIAs of policies or projects to promote active transportation
(walking or cycling instead of driving) [14]. DYNAMO-HIA
has been applied to estimate the health impacts of a ban
on alcohol imports in Sweden, smoking cessation in Great
Britain, reduced salt intake in Europe, decreased smoking
prevalence inCopenhagen, and bodymass index reduction in
Netherlands [15–18].However, to our knowledge,DYNAMO-
HIA has not yet been applied to predict the health impacts of
increased physical activity arising from changes in the built
environment. Further, the estimates from these two methods
have not been compared.

To demonstrate the use of quantitative tools for esti-
mating the health effects of physical activity in HIAs of the
built environment, this paper describes quantitative HIAs of
proposed changes to the built environment in three North
Carolina communities. All three HIAs used DYNAMO-HIA
to estimate the health effects of increased transportation
walking time expected to arise due to modifications to the
built environment. Changes in prematuremortality, coronary
heart disease (CHD), type 2 diabetes, hypertension, and
stroke were estimated for each community. In addition, each
HIA estimated the ratio of health benefits to expected project
costs. For one of the case studies, we additionally compared
results obtained from DYNAMO-HIA with those obtained
from theHEATmodel. Our objective inmaking this compar-
ison was to determine whether the health impact estimates
differ when using a dynamic approach (as in DYNAMO-
HIA) as compared to a static approach (as in HEAT).
We hypothesized that the static approach may overestimate
health benefits by failing to account for overall improvements
in population health from one year to the next and, as a
result, estimating benefits in each year relative to a population
for which no benefits have yet accrued. Our overall purpose
was twofold: first, to demonstrate that quantitative tools
in general may provide objective, evidence-based decision
support within the HIA framework and, second, to provide
insight into the advantages and disadvantages of emerging
quantitative tools and methods to conduct HIAs.

The HIAs presented in this study were conducted as
examples to support WalkBikeNC, a statewide bicycle and
pedestrian plan developed by the North Carolina Depart-
ment of Transportation (NCDOT) in 2013 [19].WalkBikeNC
presents a unified policy framework to support active travel
statewide, but it does not propose projects. Instead, specific
bicycle and pedestrian infrastructure projects are planned
and implemented by local authorities in accordance with
WalkBikeNC. Such projects may be included in a range of
local plans, including small-area plans, comprehensive trans-
portation plans, and bicycle and pedestrian master plans.
The three HIAs described in this paper consider pedestrian
infrastructure improvements aligned with the policy frame-
work established in WalkBikeNC at three planning scales: a
small-area plan, a comprehensive plan, and a streetscape plan.

2. Materials and Methods

All three case studies followed the six steps of HIA proposed
by the US National Research Council: (1) screening; (2)
scoping; (3) assessment; (4) recommendations; (5) report-
ing; and (6) monitoring and evaluation [7]. The first two
steps of HIA, screening and scoping, focus on identifying
and characterizing health concerns and disparities in the
community. The third step, assessment, explores how the
decision to be made influences these concerns and dispar-
ities through qualitative understanding and/or quantitative
modeling of causal pathways as understood in the scientific
literature. The conclusions from the assessment stage inform
the fourth stage, recommendations. Finally, reporting and
monitoring and evaluation aim to engage stakeholders, hold
decision-makers accountable, and evaluate the effectiveness
of the decision in addressing identified health concerns
at some point in the future. Because this paper focuses
on improving the assessment stage through the application
of quantitative methods, details of steps 4–6 are not pre-
sented; these details can be found elsewhere [19, 20]. Details
on the screening and scoping stages are provided below,
because these steps influenced the scope of the assessment
phase.

2.1. Site Selection (Screening). Case study sites were selected
in coordination with NCDOT. In all three communities, the
proposed changes to the built environment were included
in adopted local plans but had not received funding as
of October 2012 (when this project began). Projects were
selected to provide variation across three dimensions: (1)
development context (rural, suburban, and urban); (2) plan-
ning scale (corridor plan, small-area plan, and comprehen-
sive plan); and (3) geographic region within North Carolina
(Piedmont region, coastal region, mountain region). Table
S1 and Figures S1–S3 in Supplementary Material available
online at http://dx.doi.org/10.1155/2015/812325 provide maps,
demographic data, and information about the changes to the
built environment proposed for each project.

The first HIA is conducted on changes to the built
environment proposed in the City of Raleigh’s Blue Ridge
Road Corridor (BRRC) small-area plan (urban, small-area
plan, Piedmont region). The BRRC is located eight kilome-
ters east of downtown Raleigh, the second-largest city in
North Carolina and the state capital. The BRRC small-area
plan is the result of a planning and visioning process to
guide development in the corridor as it urbanizes. The plan
includes dense, mixed-use land development, construction
of a compact street network, and construction of additional
pedestrian and bicycling facilities. We considered the effects
on time spent walking for transportation and the resulting
health outcomes if the plan were implemented in its entirety
[21].

The second HIA is conducted on construction of new
sidewalks in the town of Winterville as proposed in the
Greenville Metropolitan Planning Organization’s Bicycle
and Pedestrian Master Plan (suburban, comprehensive plan,
coastal region). This plan proposes both pedestrian and
bicycle projects throughout the Greenville metropolitan area,
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a mid-size community in eastern North Carolina. We esti-
mated the health impacts of building all sidewalks proposed
in the plan within the municipal boundaries of Winterville,
a suburban community on the outskirts of the Greenville
region [22].

The third HIA is conducted on streetscape improvements
proposed in the Town of Sparta’s Downtown Streetscape
Master Plan (rural, corridor plan, mountain region). Sparta
is a prototypical rural main-street community, with a small,
walkable downtown containing shops and services sur-
rounded by low-density development. We estimated the
health impacts of proposed improvements to the downtown
streetscape, including improved sidewalks and street cross-
ings [23].

2.2. Selection of Health Outcomes (Scoping). Facilitated dis-
cussions with local decision-makers and residents in each
community confirmed that existing transportation infras-
tructure (e.g., lack of sidewalks) and overall community
design (e.g., lack of destinationswithin easywalking distance)
limit opportunities for walking as a means of transportation.
The potential health outcomes that could be affected if new,
pedestrian-friendly infrastructure were in place and if, as a
result, residents spent more time walking for transportation
were then selected from a literature review. The literature
review identified several health outcomes for which non-
vigorous transportation physical activity has been shown
to have a preventive effect: coronary heart disease (CHD),
type 2 diabetes mellitus, hypertension, stroke, and premature
mortality from all causes [24–27]. Additionally, these four
diseases were identified as existing health concerns related to
physical activity levels in each community.

2.3. Health Impacts Model (Assessment). We used DYN-
AMO-HIA to estimate the health impacts of increased trans-
portation physical activity in all three communities. We then
additionally used a modified version of the HEAT model,
implemented inAnalytica 4.5 (LuminaDecision Systems, Los
Gatos, CA) in the BRRC. These two models and their data
requirements are described in turn below.

DYNAMO-HIA is a dynamic health impacts model that
employs Markov Chain modeling to estimate the effects of
a health intervention on a population over time [15]. Con-
ceptually, Markov Chain models divide a system into distinct
groups of risk factor states linked by transition probabilities,
which define the likelihood that a member of one group will
transition to another group over time (Figure 1). The model
moves forward in discrete one-year time steps, estimating
the population in each group at time step using the previ-
ous group populations and transition probabilities between
groups. To estimate the health impacts of an intervention
that changes health behaviors, an intervention scenario is
specified in which the probabilities of transitioning from a
healthy to a diseased state (represented in Figure 1 as 𝑃

1
, 𝑃
2
,

𝑃
4
, and 𝑃

5
) or from a healthy or diseased state to death (𝑃

3

and 𝑃
6
–𝑃
9
) are altered based on changes in the distribution

of risk factors in the population (e.g., amount of time walking
for transportation). As themodel steps forward through time,

changes in these transition probabilities affect the rate at
which healthy individuals transition to diseased states and/or
death. Alongside the intervention scenario, a baseline sce-
nario is also specified in which transition probabilities are not
affected by the intervention. Health impacts are estimated by
comparing health outcomes between the two scenarios over
time. DYNAMO-HIA requires a large amount of baseline
health data: age- and sex-specific population distributions,
mortality rates, disease prevalence, disease incidence rates,
and risk factor prevalence. In the intervention scenario, a
change in risk factor prevalence and/or a transition between
risk factor states over time must also be specified. Finally,
dose-response functions must be characterized for each
health outcome of interest. DYNAMO-HIA is available free
of charge (http://www.dynamo-hia.eu/) and may be installed
on any Windows-based machine.

We developed DYNAMO-HIA models for each commu-
nity. Each model included community-specific population
and health data as described in Section 2.3.1. A baseline, “no-
build” scenario and an intervention scenario were specified
for each community. In the baseline scenarios, weekly time
spent walking for transportation was taken from recent
surveys as described in Section 2.3.3. In the intervention sce-
narios, studies linking proposed built environment changes
in each community to increases in walking for transportation
were used to estimate post-constructionwalking as described
in Section 2.3.4. Relative risks linking time spent walking for
transportation to modeled health outcomes were taken from
epidemiological studies (Table 1). Health impacts were esti-
mated by taking the difference in projected health outcomes
between the two scenarios over time each year for 40 years.

To develop 95% confidence intervals for our health
impact estimates, each model was run five times, changing
relative risk parameters in the model to the upper and lower
bound of the 95% confidence intervals reported in epidemio-
logical studies in each iteration. The first model used central
values for all relative risk parameters, the second model used
the lower bound of the confidence interval for mortality and
central values for all diseases, the third model used the upper
bound of the confidence interval for mortality and central
values for all diseases, the fourth model used lower bounds
for all diseases and the central value for mortality, and the
fifthmodel used upper bounds for all diseases and the central
value for mortality. Varying each relative risk parameter in
turn and rerunning each model enabled the construction
of 95% confidence intervals for all of our results reflecting
uncertainty in the relative risk parameters used; however,
uncertainty in other model parameters (e.g., magnitude of
changes inwalking for transportation) is not reflected in these
estimates. All confidence intervals reported throughout this
paper were developed using this approach.

Unlike DYNAMO-HIA, the HEAT model is static: it
estimates a fraction of cases of premature mortality that
could be avoided if a population spent more time walking or
cycling and assumes that this fraction is constant from year
to year. That is, health benefits of increased activity do not
accrue from year to year for a given individual. The WHO
has made an online tool for automating these calculations
(http://www.heatwalkingcycling.org/) available. In order to
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Figure 1: Schematic of DYNAMO-HIA model representing simulation of one time step for one scenario (reference or intervention). Each
circle represents a population state. Solid lines represent possible transitions between states at each time step, whereas dotted lines represent
staying in the same state during a time step. The variables 𝑃
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represent transition probabilities between states.

Table 1: Relative risks.

Health outcome Sex
Low category

(1–149 minutes’ walking for
transportation per week)

High category
(150+ minutes’ walking for
transportation per week)

All-cause mortality [23] Combined 0.95 (0.98–0.92)a 0.90 (0.96–0.85)

CHD [24] Male
Female

0.99 (1.08–0.91)c
0.95 (1.08–0.83)c

0.99 (1.10–0.90)c
0.80 (0.92–0.69)c

Type 2 diabetes [26] Combined 0.77 (1.02–0.58)b 0.69 (0.88–0.54)b

Hypertension [26] Combined 0.76 (0.94–0.61)b 0.69 (0.83–0.58)b

Stroke [25] Male
Female

0.94 (1.06–0.83)c
0.88 (1.01–0.77)c

0.88 (1.02–0.77)c
0.87 (1.01–0.75)c

a95% confidence interval shown for all relative risks.
bAdjusted for race, education, income, and smoking status.
cAdjusted for education, smoking status, alcohol consumption, body mass index, systolic blood pressure, cholesterol, history of diabetes, and occupational and
leisure-time physical activity.

compare the results obtained with DYNAMO-HIA with
those obtained using the HEAT model approach, we recon-
structed the HEAT tool using Analytica. This reconstruction
additionally includes morbidity, which is not included in the
baseHEATmodel. Details of this reconstruction are provided
elsewhere [28].

Like DYNAMO-HIA, our reconstructed version of the
HEAT model requires baseline data on population size by
age and sex, baseline death rates, baseline disease prevalence
and incidence rates for each health outcome of interest, and
relative risks linking each health outcome to a risk factor (in
this case, walking for transportation). In addition, informa-
tion about the time spent walking for transportation under
current conditions and under the intervention scenario is
needed. Sources for these data, used in both the DYNAMO-
HIAmodels the reconstructedHEATmodel in the BRRC, are
described below.

2.3.1. Baseline Population and Health Data. We estimated
age- and sex-specific population distributions by applying
county-level age and sex distributions to refine Census
block-group data for each case study location (Figure S2)
[29, 30]. Baseline death and birth rates were taken from
county-level data obtained from the NC State Center for
Health Statistics [31]. We developed age-specific prevalence
functions for CHD, type 2 diabetes mellitus, hypertension,
and stroke for each case study location by fitting second-
order prevalence functions to data from the Behavioral Risk
Factor Surveillance System (BRFSS) survey [32]. Disease
prevalence data were not available stratified by both age and
sex; thus, we stratified by age only and assumed identical
prevalence functions for males and females. Incidence data
are not available from the State Center for Health Statistics
for the diseases considered in this study. Thus, incidence
functions for each case study location were estimated using a
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differential equation-based method described in Brinks (see
Supplementary Material, Section 2.1 and Table S4) [33].

2.3.2. Relative Risks. Relative risks of each health outcome
as a function of transportation walking were drawn from
previous studies (summarized in Table 1). Categorical dose-
response functions for type 2 diabetes mellitus and hyperten-
sion were taken from a study of US adults that used data from
the National Health and Nutrition Examination Survey [26].
To our knowledge, no studies exist linking transportation
physical activity levels to CHD or stroke risk in US adults;
thus, relative risks were taken from two studies of a large
cohort of Finnish adults [24, 25]. To estimate the relative risk
of prematuremortality as a function of time spent walking for
transportation, a dose-response function derived in a recent
meta-analysis was employed; this same function is used to
calculate the relative risk of all-cause mortality in the HEAT
model [13, 27]:

RRmortality = 0.89
(𝑦/168)
, (1)

where 𝑦 is weekly minutes spent walking for transporta-
tion. We used (1) to estimate the relative risk of all-cause
mortality for the same exposure categories used in studies
linking walking for transportation to disease risk. Specifi-
cally, these studies grouped populations into three levels of
time spent walking for transportation: a reference category
(none), a low category (1–149min/week), and a high category
(150+min/week). The high category reflects the Centers for
Disease Control and Prevention (CDC) minimum recom-
mendation for total adult physical activity [34]. Using (1), we
calculated relative risks for all-causemortality at themidpoint
of the low transportation walking category (75min/week)
and at the low point of the high transportation walking
category (150min/week).

2.3.3. Baseline Active Transportation Behavior. InWinterville
and Sparta, we estimated baseline transportation physical
activity using data from the 2009 North Carolina BRFSS
survey [32]. In the BRRC, we used an active transportation
survey conducted within the neighborhood in 2012 utilizing
a widely used and validated physical activity questionnaire
[20, 28, 35]. Responses to these surveys were recategorized
according to the CDC physical activity categories described
above.

2.3.4. Estimating Changes in Active Transportation Behavior.
Due to differences in data availability and the nature of
the plans considered, different methods were used in each
case study community to estimate how changes in the built
environment are expected to affect transportation physical
activity.

The method for estimating changes in walking time if
the BRRC small-area plan were implemented is described
in detail elsewhere [20, 28]. Briefly, because multiple built
environment changes are proposed in addition to pedestrian
infrastructure improvements, the net effect of all of these
changes on transportation walking is estimated using a
multidimensional walkability index that links intersection

density, population density, land-use diversity, and retail floor
area ratio to walking for transportation [36]. The walkability
index is calculated from

Walkability Score = (2 × 𝑍intersetion) + (𝑍residential)

+ (𝑍FAR) + (𝑍land-use) ,
(2)

where 𝑍 variables represent normalized versions of intersec-
tion density (𝑍intersetion), the number of intersections divided
by land area; residential density (𝑍residential), the number of
housing units divided by the residential land area; retail
floor area (𝑍FAR), the square footage of retail floor area
divided by the square footage of land devoted to retail use;
and land-use diversity (𝑍land-use), computed as described in
Cervero and Kockelman [37]. Previous studies that have
linked transportation walking time to the walkability score
were then used to estimate the increase in time spent walking
as a result of the increase inwalkability score thatwould occur
if the small-area plan were fully implemented [28, 38].

In Winterville, the proposed changes to the built envi-
ronment consist solely of new sidewalk construction. Thus,
a relationship linking sidewalk density to transportation
walking was used to estimate changes in transportation
physical activity. A 1 km/km2 increase in sidewalk density
is associated with an increase in the odds of an individual
having taken a walking trip in the previous week by 2.3
percent [39]. Thus, the odds ratio of walking before and after
construction may be expressed as:

𝑂
𝑊,after

𝑂
𝑊,before
= 1.023

(𝐷
𝑠,after−𝐷𝑠,before). (3)

𝑂
𝑊,before is the odds of walking given the density of side-

walks before construction,𝐷
𝑠,before (km/km2), and 𝑂

𝑊,after is
the odds of walking given the density of sidewalks after con-
struction, 𝐷

𝑠,after (km/km2). Rearranging (3) and expressing
in terms of probabilities, this becomes:

𝑃
𝑊,after

(1 − 𝑃
𝑊,after)
=
𝑃
𝑊,before1.023

(𝐷
𝑠,after−𝐷𝑠,before)

(1 − 𝑃
𝑊,before)

. (4)

𝑃
𝑊,𝑎𝑓𝑡𝑒𝑟

is the probability that an individual takes at least
one walk trip per week after construction, and 𝑃

𝑊,before is
the probability that an individual has taken a walking trip
in the past week before construction, assumed to be equal
to the proportion of the population reporting any walking
in the BRFSS. We iteratively solved for 𝑃

𝑊,after and adjusted
the proportion of non-walkers in the population accordingly.
We assumed that new walkers were distributed between the
low- and high-walk-time categories in the same manner as
walkers were distributed between these two categories before
construction.

In Sparta, we used changes in a composite pedestrian
environment factor (PEF)—which includes sidewalk quality,
ease of street crossings, topography, and density of the street
grid—to estimate changes in average weekly walking distance
[40]. Each subcategory is assessed on a 3-point scale; the
PEF is calculated by adding these four subcategory scores
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and transforming the result into an ordinal variable (low,
medium, or high). After construction of streetscape improve-
ment in Sparta, sidewalk quality and ease of street crossings
would improve significantly while topography and the con-
figuration of the street network would remain unchanged.
Therefore, we assumed that the sidewalk quality and ease of
street crossings subcategories would change from 1 (current
conditions) to 3 (post-construction), while the topography
and street grid density would remain unchanged.This change
in subscores would change the PEF from low to medium.
In turn, per-capita weekly walking distance would increase
by 0.92 kilometers [40]. Assuming a typical walking speed
of 4 kilometers per hour, per-capita transportation walking
time would increase by 13.6 minutes per week, on average
[41]. Because this relationshipwas derived in an urban setting
using small geographies, while Sparta is a rural town, we
assumed that only individuals living within a 0.4-kilometer
buffer of the proposed improvements (25% of the population)
would increase their walking. We increased the percentage
of population in each walking time bin proportionally so
that the average per-capita walking time for individuals living
within 0.4 kilometers of the proposed improvements equaled
to the preconstruction average plus 13.6 minutes.

2.3.5. Economic Valuation. To compare the benefits of esti-
mated health impacts to project costs, we applied economic
valuations to each health outcome considered. For mortality,
we used the value of a statistical life suggested by the
United States Department of Transportation (USDOT) in
2013, $9.1M USD per avoided premature death [42]. For
each disease, we used yearly disease costs estimated by the
Milken Institute that combine treatment costs and indirect
costs from productivity losses resulting from lost workdays
and reduced presenteeism (in Supplementary Material, Table
S7) [43]. For the BRRC andWinterville, we estimated project
costs using average bid data for North Carolina ($89.57 per
linear meter of sidewalk; $142.08 and $150.70 per square
meter of poured concrete sidewalk and curb and gutter,
resp.) [44]. For Sparta, we used the cost estimate provided
in the plan, $686,157 USD [23]. Ongoing maintenance costs
are not considered. Benefits and costs were discounted to
the present using a 5% discount rate per USDOT guidance
[45]. A sensitivity analysis was conducted using 3.5% and
7% discount rates based on guidance from the United States
Office of Management and Budget and NCDOT, respectively
(in Supplementary Material, Figure S5) [45, 46].

3. Results

3.1. Health Outcomes. To estimate the health impacts of
built environment changes in each community, we used
DYNAMO-HIA to predict changes in premature mortal-
ity and incidence of CHD, type 2 diabetes, hypertension,
and stroke over 40 years due to increased walking for
transportation. In the BRRC, DYNAMO-HIA estimates a
significant reduction in premature all-cause mortality as
well as significant preventive effects for hypertension, type 2
diabetes mellitus, and CHD (Figure 2). In Sparta, significant
reductions in premature mortality, cases of hypertension,

and cases of type 2 diabetes mellitus are estimated; however,
estimated effects on avoided cases of CHD are minimal. In
Winterville, DYNAMO-HIA estimates small, yet significant,
reductions in premature mortality and cases of hypertension
and minimal effects on type 2 diabetes and CHD. Across
all sites, no significant reductions in cases of stroke are
estimated. The total population benefits of avoided mortality
and the prevention of hypertension and type 2 diabetes accrue
over time but demonstrate diminishing returns (Figure 2,
Table 2). For example, DYNAMO-HIA estimates that the
cumulative number of premature deaths avoided in the BRRC
will increase from 4.9 (1.8–7.7) ten years after construction
to 14 (5.2–23) 40 years after construction (Table 2). Similarly,
within ten years of construction, an estimated 12 (4.5–17)
and 4.9 (2.6–7.6) cases of hypertension and type 2 diabetes
will have been prevented, and these numbers are expected
to increase to 32 (12–45) and 16 (8.3–24) within 40 years.
Generally, health outcomes for which a strong preventive
effect is demonstrated in the literature and for which baseline
community prevalence is high (e.g., hypertension) are most
influenced by increases in transportation physical activity.

Comparing across sites, DYNAMO-HIA estimates
stronger preventive effects on a per-capita basis in the BRRC
and Sparta than in Winterville (Figure 2). For example, the
cumulative cases of premature mortality prevented by year
40 are 0.99 and 0.36 per 1,000 people in the BRRC and
Sparta, respectively, as compared to 0.08 per 1,000 people
in Winterville. This result occurs because the proposed
changes to the built environment in the BRRC and Sparta
are estimated to increase transportation walking more in
the BRRC and in Sparta than in Winterville (Table 2). For
example, the average time spent walking per week is expected
to increase by 17 minutes in the BRRC and 2.2 minutes in
Sparta, in comparison to a smaller increase of 0.7 minutes
per week in Winterville (Table 2). Additionally, a preventive
effect on CHD is only estimated in the BRRC. As shown in
Table 1, the preventive effect of walking for transportation
on CHD is strong only for females in the highest physical
activity category. The population in the BRRC has a greater
proportion of women compared to the other two sites (in
Supplementary Material, Figure S4) and a greater predicted
change in the proportion of the population walking more
than 150 minutes per week for transportation (Table 2); thus,
the effect of increased transportation walking on avoided
cases of CHD is significant in the BRRC but not in the other
two sites.

3.2. Economic Valuation. To estimate the economic value of
health benefits in each community, we multiplied projected
avoided deaths and avoided disease cases per year by their
respective economic values.The economic value of estimated
health benefits exceeds project construction costs within one
year in the BRRC and within three years in Sparta (Table 2)
assuming a 5% discount rate. Over the 40-year time period
considered, the benefit-cost ratios in the BRRC and Sparta
are 20.2 (8.7–30.6) and 4.7 (2.1–7.1), respectively. However,
the present value of the health benefits in Winterville is less
than the estimated project costs: the benefit-to-cost ratio in
Winterville over 40 years is 0.6 (0.3–0.9) (Table 2).This latter
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Figure 2: Estimated health impacts per 1,000 persons for each community (solid lines), with 95% confidence intervals reflecting uncertainty
in relative risk parameters (dashed lines).

finding results from the design of theWinterville project and
the population density in that community; while significant
sidewalk construction is proposed, the new sidewalks will
be spread over a very large area of relatively low population
density, dampening the potential behavioral impact. The
net present value of the BRRC and Sparta projects remains

positive even when considering a higher discount rate (7%)
and remains negative in Winterville even when considering
a lower discount rate (3.5%) (in Supplementary Material,
Figure S5).

In all communities, health benefits are overwhelmingly
driven by avoided premature mortality (Figure S5). Avoided
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Table 2: Summary of findings, with 95% confidence intervals based on uncertainty in relative risk parameters.

Built environment
variables

BRRC Winterville Sparta
Before After Change Before After Change Before After Change

Walkability score −3.61 0.96 +4.57 — — — — — —
Sidewalk density
(km/km2) — — — 0.8 3.8 +3.0 — — —

PEF (categorical) — — — — — — Low Medium +1
Walking outcomesa Before After Change Before After Change Before After Change
No walking (percent) 40.7% 40.7% 0% 84.3% 83.4% −0.9% 85.4% 82.4% −3.0%
1–149min/week
(percent) 41.5% 21.2% −20.3% 12.3% 12.9% +0.6% 12.1% 14.6% +2.5%

150+min/week
(percent) 17.8% 38.1% +20.3% 3.4% 3.6% +0.2% 2.5% 3.0% +0.5%

Ave. walk time
(min/week) 13.1 30.4 +17 12.5 13.2 +0.7 10.4 12.6 +2.2

Health outcomesa Years after construction Years after construction Years after construction
10 20 40 10 20 40 10 20 40

Avoided premature
mortality

4.9
(1.8–7.7)

8.5
(3.1–13.3)

14.3
(5.2–22.6)

0.3
(0.1–0.5)

0.5
(0.2–0.9)

0.9
(0.3–1.4)

0.3
(0.1–0.4)

0.4
(0.2–0.7)

0.5
(0.2–0.8)

Avoided cases of
CHD

1.9
(1.6–2.1)

3.7
(3.1–4.1)

6.1
(5.1–6.7)

0.0
(−0.1–0.1)

0.0
(−0.1–0.2)

0.0
(−0.2–0.3)

0.0
(−0.1–0.2)

0.0
(−0.2–0.3)

0.0
(−0.2–0.3)

Avoided cases of type
2 diabetes

4.9
(2.6–7.6)

9.4
(5.1–14.5)

15.6
(8.3–24.1)

0.5
(0.0–1.0)

1.0
(−0.1–1.9)

1.5
(−0.2–2.9)

0.4
(0.0–0.7)

0.6
(−0.1–1.2)

0.8
(−0.1–1.6)

Avoided cases of
hypertension

11.8
(4.5–16.7)

21.4
(8.4–30.1)

32.1
(12.3–45.1)

1.5
(0.4–2.5)

2.7
(0.6–4.5)

4.0
(0.9–6.9)

0.9
(0.2–1.5)

1.4
(0.3–2.4)

1.8
(0.4–3.2)

Avoided cases of
stroke

1.1
(0.0–1.6)

1.8
(−0.1–2.9)

2.1
(−1.1–4.0)

0.1
(−0.1–0.3)

0.2
(−0.2–0.6)

0.3
(−0.3–0.8)

0.1
(−0.1–0.3)

0.2
(−0.1–0.4)

0.2
(−0.2–0.5)

Economic
outcomesb,c

Years after construction Years after construction Years after construction
10 20 40 10 20 40 10 20 40

Net present value
(2012 USD)

33.4M
(10.8–53.7)

50.4M
(18.4–79.0)

66.8M
(26.8–103)

−5.1M
(−6.5–−3.9)

−3.9M
(−5.9–−2.1)

−2.9M
(−5.3–−0.6)

1.4M
(0.1–2.5)

2.2M
(0.5–3.7)

2.6M
(0.7–4.2)

Benefit-cost ratio 10.6
(4.1–16.5)

15.5
(6.3–23.7)

20.2
(8.7–30.6)

0.3
(0.1–0.5)

0.5
(0.2–0.7)

0.6
(0.3–0.9)

3.0
(1.1–4.6)

4.1
(1.7–6.3)

4.7
(2.1–7.1)

Time for B : C to
exceed 1 1 year (1-2 years) Benefits do not exceed costs 3 years (2–9 years)

aEstimates of walking for transportation after construction in Winterville do not add to 100% due to rounding.
bFor all health and economic outcomes, 95% confidence intervals are estimated using the lower and upper bounds of the relative risk parameters as noted in
Table 1.
c5% discount rate assumed.

premature mortality constitutes 92%, 86%, and 89% of the
total net present value of health benefits over 40 years in
the BRRC, Winterville, and Sparta, respectively. This result
occurs due to the much higher value placed on an avoided
premature death, in comparison to the value placed on
avoided chronic disease cases (in Supplementary Material,
Table S7).

3.3. Comparison of DYNAMO-HIA and HEAT. To compare
the dynamic approach used in DYNAMO-HIA and the static
approach used in the HEAT model, we re-estimated health
impacts in the BRRC using our reconstructed HEAT model
and compared these findings to impacts estimated by our
DYNAMO-HIA model. For all health outcomes considered,
the HEAT model estimates a higher number of avoided
cases per year than the DYNAMO-HIA model (Figure 3).

The difference between the two approaches increases with
time (Figure 3). When considering the cumulative health
impacts over multiple years, the differences in the two
approaches become substantial (Figure 4).The reconstructed
HEAT model estimates that 41 premature deaths would be
prevented over 40 years—2.9 times as many deaths averted
as predicted by the DYNAMO-HIA model. Similarly, central
estimates of avoided hypertension, type 2 diabetes, CHD, and
stroke increase by factors of 3.3, 1.6, 2.5, and 6.7 when using
the static approach, in comparison to the dynamic approach
(Figure 4).

The static approach overestimates health benefits by
failing to account for changing disease prevalence over
time. In the static model, avoided cases for each year are
estimated for the population as a whole without accounting
for population disease prevalence. In contrast, the dynamic
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Figure 3: Estimated health impacts per year obtained using the HEAT (static) model (solid black lines) and DYNAMO-HIA (dynamic)
model (solid grey lines) for the BRRC case study.

model removes individuals who develop a disease from the
population that is able to avoid a new case in subsequent
years (i.e., individuals who develop a disease transition to
diseased states (Figure 1), after which they are not included in
estimations of new avoided cases). Additionally, the dynamic
model references data from the previous year in estimating
benefits for a given year whereas the static model has no
memory of population health data in the previous year.Thus,
relative to the dynamic model, the static model overestimates
benefits in the future because it fails to account for changes
in disease prevalence over time. In other words, the dynamic

model is able to incrementally approach a new steady state in
which an intervention has shifted disease incidence functions
downwards for a portion of the population; once this steady
state is reached, new benefits no longer accrue as lower risk
individuals delay the onset of disease but do not completely
avoid disease over time. Once these individuals transition
into a diseased state, they are no longer included in avoided
cases calculations. Static models, however, do not approach
a new steady state because benefits are always calculated
relative to a population in which no benefits have been
accrued and disease prevalence is not accounted for. Thus,
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Figure 4: Ratio of cumulative health impact estimates from HEAT
(static) and DYNAMO-HIA (dynamic) models at 10, 20, and 40
years after construction.

benefits will continue to accrue beyond the point at which
the dynamic model reaches a new steady state. As a result,
the static model increasingly overestimates benefits over time
relative to the dynamic model. This behavior is illustrated
in Figure 3; at each time step, the rate of change in avoided
cases of type 2 diabetes stays relatively stable for the static
model, increasing slightly as the population grows over time.
In the dynamic model, the rate of change in the number of
cases avoided decreases over time as the model approaches
steady state in which all individuals who walk more have
a decreased risk, but still some risk, for developing type 2
diabetes throughout their lifetimes (Figure 3).

4. Discussion

Using the dynamic DYNAMO-HIA tool, we predicted that
the health benefits of changes to the built environment
that support walking for transportation would exceed con-
struction costs in two of the three case study communities.
In the urban BRRC neighborhood, the benefit-cost ratio
of changes to the built environment that would increase
walkability was estimated to be 20 over 40 years. In the
small rural town of Sparta, the benefit-cost ratio of proposed
improvements to the downtown streetscape reached 4.7 over
40 years. In contrast, the benefit-cost ratio of constructing
proposed sidewalks in suburban Winterville reached only
0.6 over 40 years. In addition, our comparison of estimates
from the reconstructed HEAT model and estimates from
the DYNAMO-HIA model showed that the static approach
tends to over-predict benefits when considering effects over
multiple years. Thus, if sufficient data and capacity exist,
dynamic tools such as DYNAMO-HIA should be used rather
than static tools to estimate the health impacts of policies and
projects that increase transportation physical activity.

4.1. Comparison with Recent Active Transportation HIAs. A
number of transportation HIAs using a range of modeling
techniques to link changes in the built environment to health
benefits from increased transportation physical activity have
been completed in recent years [14]. To our knowledge,
only one example of a dynamic model used to estimate the
health benefits of built environment changes exists: a system
dynamics model was used in an HIA of large-scale bicy-
cle infrastructure construction in Auckland, New Zealand
[47]. This model linked bicycle infrastructure investment
scenarios to changes in the perceived safety of bicycling to
work and resultingmode shifts to bicycle commuting. Health
impacts were then estimated for resulting changes in bicycle
crash risk, air pollution exposure, and physical activity levels.
Bicycle mode shares were predicted for several investment
scenarios, including a business-as-usual scenario. A relative
risk function comparing cyclists to non-cyclists was used to
estimate changes inmortality from increased physical activity
for each scenario over time. Benefit-cost ratios ranged from
6 to 24, driven largely by the value of prevented premature
mortality resulting from increased physical activity [47].

A number of HIAs using static models, including HEAT,
have also recently been performed. A study in Dane County,
Wisconsin, estimated a benefit-cost ratio of 1.7 for a hypo-
thetical countywide sidewalk construction project.The study
used a regression model to link sidewalk presence to time
spent walking and biking for transportation. The results
of this model were used to estimate transportation physi-
cal activity given sidewalk construction across the county.
Increased physical activity was then linked to reduced weight
gain and ultimately reduced costs associated with obesity
using a static model [48]. An HIA of the construction of
a bicycle path in Dublin, Ireland, estimated benefit-cost
ratios ranging from 2.2 to 11.8. This HIA used a survey to
estimate increased bicycling to work after construction and
the HEAT model to estimate health and economic benefits
[49]. Finally, an assessment in Portland, Oregon, used a traffic
demand model to estimate increased bicycle commuting due
to past and planned investments in bicycle infrastructure
throughout the city. Using the HEAT model to estimate
benefits from resulting increases in physical activity, benefit-
cost ratios ranged from 20 to 53 [50]. As in our study, avoided
premature mortality dominated the monetary value of the
health benefits of increased physical activity (Figure S5).

Previous studies have found benefit-cost ratios for
changes in the built environment that support walking and
biking for transportation ranging 1.7 to 53. Our results are
within this range for the BRRC and Sparta but not in
Winterville. The population density in Winterville may be
too low for the proposed improvements to be economically
viable when considering health benefits alone. This finding
demonstrates that the health benefits of changes in the built
environment that increase physical activity may not always
exceed project costs. Thus, quantitative HIA may be an
important tool for prioritizing investments to maximize the
overall value of health benefits.

As HIA for active transportation projects and policies is
refined, it will be important to consider differential treatment
effects for different age groups and to include social equity



BioMed Research International 11

considerations [14]. Physical activity may have a stronger
preventive effect for older individuals, and many coun-
tries worldwide are seeing shifts in population distribution
towards older age groups. The dynamic model used in this
assessment is able to easily incorporate age-specific dose-
response information, if available. The usefulness of such
stratifications is demonstrated in our estimates for CHD:
due to differences in population characteristics and predicted
changes in behavior across sites, we estimate reduced inci-
dence of CHD in the BRRC but not in Sparta or Winterville.
This difference is driven by differential treatment effects at
higher doses of transportation walking for men and women
(Table 1). To increase the consideration of social equity in
transportation HIA, scalable models are needed. Using the
DYNAMO-HIA model at three different scales, we provide
evidence that quantitative assessment methods are robust
across scales. If modeling methods are robust at different
scales, a series of neighborhood-scale models may be used
to compare the health impacts of transportation decisions
in neighborhoods with different socioeconomic conditions
andmay reveal disproportionate impacts. Such an application
could better inform investments in active transportation
infrastructure to address social equity concerns.

In sum, previous studies provide strong evidence that
built environment changes meaningfully impact health out-
comes and are often quite economically advantageous. Our
application of a novel dynamic model yields findings con-
sistent with the existing literature, building the robustness
of the link between the built environment, physical activity,
and health benefits. Further, we demonstrate that dynamic
models may be applied across a variety of scales and are able
to incorporate differential treatment effects for different age
groups and for men and women. Thus, dynamic models may
help address identified limitations of transportation HIA in
practice.

4.2. Limitations. Our estimates of post-construction physical
activity do not consider activity substitution (i.e., reduc-
ing other activities after increasing transportation physical
activity) or self-selection (i.e., more active individuals may
be more likely to increase transportation physical activity).
However, longitudinal evidence suggests that activity substi-
tution is minimal, and increases in physical activity remain
when self-selection is accounted for [51–53]. In addition, our
estimates exclude potential increases in physical activity from
walking for leisure and from bicycling and, in this regard,
could underestimate health benefits.

Additionally, we consider only one health pathway (phys-
ical activity), while transportation influences health in other
ways, including exposure to air pollution and crash risk.
Other health pathways may respond to built environment
changes in opposite directions andwith differentmagnitudes.
For example, compact urban forms may increase physical
activity but also increase exposure to air pollution [54]. A
recent HIA in London found health benefits from increased
physical activity but also negative health impacts from
increased exposure to air pollution and elevated crash risk
for active commuters [55]. However, recent HIAs of active

transportation consistently find changes in physical activity
to be the largest contributor to estimated health impacts
[14].

While DYNAMO-HIA is able to use continuous relative
risk functions, continuous prevalence data are also required
when doing so and must be characterized using the mean,
standard deviation, and skewness of the distribution. Baseline
distributions of walking for transportation were noncontin-
uous (taken from categorical survey responses) and difficult
to characterize as continuous distributions due to excess
zeroes. Further, continuous dose-response functions were
not available linking walking for transportation with CHD,
type 2 diabetes, hypertension, or stroke. To overcome these
difficulties, the model uses a discrete dose-response function
that caps health benefits at 150 minutes of transportation
physical activity per week. As a result, the model may
underestimate benefits for those accruing more than 150
minutes of transportation physical activity per week. To
analyze the potential magnitude of this underestimation, we
recomputed the static (HEAT) model predicted mortality
reduction using a continuous dose-response function com-
binedwith categorical prevalence data using smaller bins (i.e.,
divided into eleven categories of weekly time spent walking
for transportation). The latter model estimates an additional
26 (+63%) avoided deaths after 40 years. However, since both
thesemodels are prone to overestimation, this differencemay
be artificially inflated.

This paper considered only three communities in North
Carolina. While representing a range of urban development
contexts (rural, suburban, and urban), all three communities
had low baseline levels of transportation physical activity and
limited public transit service. Further, community-specific
disease prevalence and incidence may reflect population
characteristics specific to North Carolina. Thus, our findings
concerning the relative costs and benefits of the planned
infrastructure investments in these three communities may
not generalize to highly urban settings with higher baseline
levels of transportation physical activity, higher levels of
public transit usage, and/or different demographic character-
istics than North Carolina. However, the differences revealed
comparing estimates from DYNAMO-HIA and the HEAT
model stem from the different structures of the modeling
approaches themselves and thus may be generalizable across
communities of many types.

Finally, disease prevalence and incidence are estimated
using county data. However, these data are identical in the
baseline and intervention scenarios so any resulting bias is
likely minimal.

5. Conclusion

Using DYNAMO-HIA to conduct three quantitative HIAs,
we demonstrated that investments in infrastructure that
supports active transportation may have meaningful impacts
on health outcomes via increased transportation physical
activity. These health outcomes may also have considerable
financial implications: in two of the three cases, the benefits
of avoided disease and premature mortality alone exceeded
construction costs.
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Dynamic health impact models, such as DYNAMO-HIA,
offer significant advantages over staticmodels, such asHEAT.
Static models may overestimate health benefits by failing to
account for changing population health characteristics over
time. However, it may be difficult to implement continuous
relative risk functions using existing dynamic modeling tools
if baseline exposure information is difficult to characterize
as continuous distributions or if continuous dose-response
information is available only for certain health outcomes.
If continuous dose-response functions are discretized into
just a few categories, the benefits of physical activity may
be underestimated for individuals who are very physically
active. Providing greater flexibility in characterizing exposure
or allowing continuous dose-response functions to be used
alongside categorical exposure data in existing tools would
address this shortcoming in practice. Overall, the advantages
of dynamic models outweigh the current limitations of
available tools.

Quantitative HIA is a feasible tool for objective,
evidence-based decision support linking health outcomes
to increased—or decreased—physical activity resulting
from changes in the built environment. Transportation
decision-makers routinely use models to estimate
congestion reduction and improvement in traffic safety
and translate these outcomes into monetary benefits [56].
Thus, quantitative HIA combined with economic valuation
enables the health benefits of increased transportation
physical activity from changes in the built environment to be
considered alongside traditional transportation metrics. As
transportation agencies search for ways to better integrate
health considerations into transportation decision-making,
quantitative HIA fills a critical gap, translating investment
in infrastructure that supports active travel into a metric
that enables direct comparison with other types of projects.
Further, quantitative assessments of competing built
environment risks, such as physical activity, air pollution,
and traffic fatalities, may help align larger planning efforts
(e.g., comprehensive plans) with health goals by comparing
the public health impacts of alternative future scenarios.
Using three cases across North Carolina, we demonstrated
that quantitative models linking built environment changes
to physical activity and health impacts are feasible, provide
meaningful results to decision-makers, and may help
prioritize resources in pursuit of public health goals.
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[27] P. Kelly, S. Kahlmeier, T. Götschi et al., “Systematic review and
meta-analysis of reduction in all-cause mortality from walking
and cycling and shape of dose response relationship,” Interna-
tional Journal of Behavioral Nutrition and Physical Activity, vol.
11, no. 1, p. 132, 2014.

[28] J. M. Gibson, D. Rodriguez, T. Dennerlein et al., “Predicting
urban design effects on physical activity and public health: a
case study,” Health & Place, vol. 35, pp. 79–84, 2015.

[29] US Census Bureau, “Census 2010, Summary File 1, Table DP-1,”
Generated by Theodore Mansfield using American FactFinder,
2013, http://factfinder2.census.gov.

[30] North Carolina State Center for Health Statistics, North Car-
olina Population Estimates: 2009, 2009, http://www.schs.state
.nc.us/schs/data/population/sdpop.cfm.

[31] North Carolina State Center for Health Statistics, “North
Carolina Selected Vital Statistics Volume 1–2009,” 2009,
http://www.schs.state.nc.us/schs/vitalstats/volume1/2009/.

[32] North Carolina State Center for Health Statistics, “Behavioral
risk factor surveillance system survey calendar year 2009
results,” 2009, http://www.schs.state.nc.us/schs/brfss/2009/index
.html.

[33] R. Brinks, “A new method for deriving incidence rates from
prevalence data and its application to dementia in Germany,”
http://arxiv.org/abs/1112.2720.

[34] United States Centers for Disease Control and Prevention,
Physical Activity Guidelines for Americans, 2008, http://www
.cdc.gov/physicalactivity/everyone/guidelines/index.html.

[35] C. L. Craig, A. L. Marshall, M. Sjöström et al., “International
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The evidence suggests that smoke-free workplace policies may change social norms towards exposing others to second-hand smoke
at home. The aim of the study was to assess whether being employed in a smoke-free workplace (SFWP) is associated with living
in a smoke-free home (SFH). We used the data from the Global Adult Tobacco Survey conducted in Nigeria in 2012, in which
9,765 individuals were interviewed including 1,856 persons who worked indoors. The percentage of Nigerians employed in SFWP
that reported living in a SFH was higher compared to those employed in a workplace where smoking occurred (95% versus 73%).
Working in a SFWPwas associated with a significantly higher likelihood of living in a SFH (OR= 5.3; 𝑝 < 0.001). Urban inhabitants
indicated more frequently that they lived in SFH compared to rural residents (OR = 2.0; 𝑝 = 0.006). The odds of living in a SFH
were significantly higher among nonsmokers and nonsmokeless tobacco users compared to smokers and smokeless tobacco users
(OR = 28.8; 𝑝 < 0.001; OR = 7.0; 𝑝 < 0.001). These findings support the need for implementation of comprehensive smoke-free
policies in Nigeria that result in substantial health benefits.

1. Introduction

Taking into account the level of exposure and its health
consequences, tobacco smoking and second-hand smoke
(SHS) constitute one of the biggest public health threats [1–
4]. According to the most recent data, about 40% of children
and a third of nonsmoking adults are exposed to SHS [1, 5].
The estimates of worldwide burden of a disease indicated that
approximately 600,000 deaths were attributed to SHS with
47% of deaths occurring in women, 28% in children, and 26%
in men [5].

Over the years many policies have been implemented in
order to improve the health of particular populations [6–9].
In 2008, the World Health Organization (WHO) identified
six evidence-based tobacco control measures that are the
most effective in reducing exposure to cigarette smoking and
environmental tobacco smoke [6]. Among them creation of
smoke-free public places and workplaces continues to be

the most commonly established measure with the highest
level of achievement [10].

Scientific evidence, unequivocally, indicates that there is
no safe level of exposure to SHS and that an environment
which is completely smoke-free and does not allow any
exceptions is the only proven way to fully protect people
from the harm of that exposure [2–4, 10]. The increase in
the number of countries with comprehensive smoke-free
legislation shows that effective laws are relatively easy to
pass and enforce and involve little or no cost [10]. This
policy measure has high levels of public support, causes no
financial harm to businesses, and improves the health of
both smokers and nonsmokers. Implementation of smoke-
free environments including smoke-free workplaces has been
associated with a reduction in tobacco consumption, an
increase in smoking cessation, and consequently a reduction
in hospital admissions due to cardiovascular and respiratory
diseases [11–18]. Moreover, public places smoking bans and
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home smoking bans are not isolated from each other and do
not only protect people from the health risk of SHS but also
reduce the likelihood that children will start smoking [11–20].

Despite the existing scientific evidence that creation of
100% smoke-free environments is an effective and inexpen-
sive way of protecting residents from health and economic
consequences of tobacco smoke exposure, Nigeria has still
not introduced comprehensive smoke-freemeasures [21–26].
Under provisions of the smoking decree number 20 of 1990,
reviewed in 2001, smoking in specific public places such as
health-care, educational (except for universities), and govern-
mental facilities is banned in Nigeria [21, 22]. On the other
hand, smoke-free environments are still not created and rein-
forced in the indoor offices, restaurants, cafes, pubs, and bars.

The Global Adult Tobacco Survey (GATS) in Nigeria,
as in the first country in Sub-Saharan Africa, provides a
special insight into the country’s tobacco use and control
measures context. Based on the survey estimates in 2012,
close to 5 million (5.6%) of Nigerian adults aged 15 years or
older used tobacco products and 3 million of them (3.9% of
the population) smoked tobacco [22]. Proportion of smokers
is higher for men (7.3%) than it is for women (0.4%). In
addition, estimated 17.3% of adults (2.7 million people) had
been exposed to SHS in their workplaces and 6.6% (5.2
million people) at their homes.

The prevalence of active and passive smoking in Nigeria
is not as high as in other low- and middle-income countries
but given the high number of smokers and passive smokers
together with an increasing trend in tobacco consumption
exposure to tobacco smoke is becoming a growing public
health threat [22]. The studies performed in Nigeria indicate
that despite a high level of awareness of the dangers of SHS
andpositive attitudes to smoke-free laws, a high proportion of
the population is still exposed to SHS in public places, which
calls for policy level interventions to improve the implemen-
tation of the smoke-free law [23–26]. In addition, the analysis
performed in Osun State in Nigeria indicated poor awareness
of the existing law of prohibition of smoking in public places
which generate the necessity to increase sensitization of the
general public [26]. Evaluation of the association between
smoke-free public places and SHS exposure at homemight be
crucial for strengthening implementation and enforcement of
the comprehensive legislation prohibiting smoking in public
and in workplaces in the country.

The aim of this study was to assess whether being
employed in a smoke-free workplace is associated with living
in a smoke-free home in Nigeria.

2. Materials and Methods

2.1. Study Design and Population. Data used for the current
analysis is available from the Global Adult Tobacco Survey
(GATS), which was conducted in Nigeria in 2012. The com-
plete description of themethodological assumptions has been
published elsewhere [22]. Briefly, the survey was designed
to generate precise cross-sectional estimates at the national
level. The final probability selection of the sample units was
equivalent to that of being selected under the three-stage

stratified-cluster sampling in order to produce key indicators
by gender, for the country as a whole as well as classified
by residence (urban or rural), and to allow for comparison
of the estimates among the 6 geopolitical zones of Nigeria.
Following the GATS sampling protocol, a sample of at least
8,000 respondents was required with 4,000 adults each from
urban and rural areas. The household sample size was then
adjusted to account for the potential sample size loss due to
ineligibility and nonresponse. A total of 11,107 households
were sampled, of which 5,776 were from urban areas and
5,331 were from rural areas. One eligible household member
was randomly selected from each participating household,
which resulted in 9,765 individuals completing the survey.
GATS Nigeria included a household questionnaire and an
individual questionnaire. The questionnaires were applied
during face to face interviews with the persons who were 15
years of age or older and they were recorded on an electronic
data collection device.

The overall response rate for GATS Nigeria was 89.1%.
The household response rate was 90.3% (86.8% urban, 94.1%
rural), while the individual response rate was 98.6% (98.0%
urban, 99.2% rural) [22].

Current analysis is restricted to the GATS respondents
working indoors or both indoors and outdoors but outside
their home (2277 participants). After removing people with
missing variables, the final analysis is focused on 1856 people
(82% of the population that reported indoor work).

2.2. Variables. For the purpose of the current analysis the
dependent variable was “living in a smoke-free home.” The
participant was classified as living in a smoke-free home if
she/he answered “smoking is never allowed inside my home”
to the question “Which of the following best describes the
rules about smoking inside your home?” If the answer was
“smoking is allowed inside my home,” “smoking is generally
not allowed inside my home but there are exceptions,” or
“there are no rules about smoking at home” he/she was con-
sidered as not living in a smoke-free environment. The inde-
pendent variable was “working in a smoke-free environment”
based on answer “no” to the question “During the past 30
days, did anyone smoke in the indoor areas where youwork?”

Additional factors included in the analysis were as fol-
lows: age (15–29, 30–44, 45–59, 60 years, and above), gender
(male, female), number of people in the household, residence
(urban, rural), region (North East, North Central, North
West, South East, South West, South-South), and education
(no formal education, primary school completed, secondary
school completed, higher secondary school completed, col-
lege/university, and above). Based on the question “Which
activity best describes your main work status over the past
12 months?” the participants were divided into the employees
(including government and nongovernment employees) and
self-employed. If the study subjects indicated current smok-
ing on a daily or less than a daily basis they were considered
smokers. Similar classification was considered for smokeless
tobacco use (yes, if the participant indicated usage of these
products daily or occasionally).
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2.3. Statistical Analysis. The STATISTICA Windows XP ver-
sion 10.0 program was used to carry out the statistical analy-
sis. Initially, a descriptive analysis for all the variables involved
in the analysis was completed. Univariate and multivariate
logistic regression analyses were run to estimate the odds
ratio (OR) and 95% confidence intervals (95% CI) of living
in a smoke-free home if employed in a smoke-free workplace
compared with being employed in a workplace where smok-
ing occurred. The logistic regression model was adjusted for
all the covariates (significant at a 0.1 level) to reduce the risk of
confounding. Age and number of household members were
treated as continuous variables. Analysis is performed for
total study population as well as for smokers and nonsmokers
separately (see S1–S3 in Supplementary Material available
online at http://dx.doi.org/10.1155/2015/618640). We tested
for multicollinearity for covariates that were controlled for
in the analysis. The multicollinearity diagnostics variance
inflation factors (VIF) were all less than five, which indicates
that the assumption of reasonable independence among
predictor variables was met.

3. Results

3.1. Characteristics of the Study Participants. Most of the
study subjects who worked indoors but out of their homes
were younger than 45 (Table 1). Males constituted 60.6%
of the population included in analysis. About 66% of the
respondents indicated that they completed a higher sec-
ondary school or have a college/university degree. Similar
percentages of the study participants lived in urban areas.
5.8% of the respondents were current smokers, whereas of
the people working indoors, 14.6% indicated SHS expo-
sure in the workplace and 7.9% at home. Among the self-
employed nonsmokers, 15.8% indicated exposure to SHS in
the workplace, whereas among the nonsmoking employees,
8.2% reported the same (Table 2). For the smokers those
percentages were 63.6% among the self-employed and 26.4%
among the employees.

3.2. Predictors of Smoke-Free Home. Among the Nigerians
who reported smoke-free workplaces 95.4% lived in smoke-
free homes, whereas among those who indicated SHS expo-
sure in their workplaces smoke-free home was declared
by only 73.1% (Table 1). Additional analysis, which was
performed for the smokers, indicated that among those who
had a smoke-free work environment about half also lived
in smoke-free homes (54.2%). The percentage of smoke-
free homes was indicated much less frequently by smokers
who declared SHS exposure in their workplace (22.4%)
(Supplementary Table S1). Among the nonsmokers, smoke-
free home was declared by 84.2% of those exposed to SHS in
the workplace and 97.0% of those who declared a smoke-free
workplace (Supplementary Table S2).The highest proportion
of the people who lived in smoke-free homes was observed
in the SouthWest region (95.4%) and among the participants
with college/university degrees (94.9%).Thepeoplewho lived
in urban areas weremore likely to indicate smoke-free homes
compared to those from rural areas (94.7% versus 87.1%).The
current smokers and smokeless tobacco users were less likely

to live in smoke-free homes compared to those who did not
indicate any of these habits (39.8% versus 95.4% and 63.6%
versus 92.5%, resp.).

Table 3 presents the results of the unadjusted and adjusted
logistic regression analyses of the predictors of a smoke-free
home. In the univariatemodel, working in a smoke-free envi-
ronment was associated with a significantly higher likelihood
of living in a smoke-free home (OR = 7.6; 𝑝 < 0.001). This
association persisted after including a variety of covariates in
themodel (OR = 5.3; 𝑝 < 0.001).The analysis performed sep-
arately for the smokers and nonsmokers indicated a similar,
more than 4 times higher chance of living in a smoke-free
home in the case of those working in a smoke-free workplace
comparing to the people who declared SHS exposure in the
environment of work (among the smokers adjusted OR = 4.4;
𝑝 = 0.005 among the nonsmokers adjusted OR = 4.9; 𝑝 <
0.001) (Supplementary Table S3). Women were significantly
more likely to live in a smoke-free home than men (OR =
2.2; 𝑝 < 0.001) in the univariate analysis but not in the
multivariate assessment (𝑝 = 0.8). The people living in
urban areas indicated significantly more frequently that they
lived in smoke-free homes than those from rural areas in
the unadjusted (OR = 2.6; 𝑝 < 0.001) and similarly in the
adjusted analyses (OR = 2.0; 𝑝 = 0.006). In the univariate
analysis the chance of having smoke-free homes was higher
in the South West region (OR = 2.5; 𝑝 = 0.002), but higher
in the North West Nigeria in the case of the multivariate
logistic regression (OR = 2.3; 𝑝 = 0.05). In the univariate
analysis, more respondents with a higher level of education
indicated that smoking was never allowed inside their homes
compared to those that have completed secondary school
education (higher secondary school OR = 2.4; 𝑝 = 0.007;
college/university OR = 3.0; 𝑝 = 0.003). However, in the
multivariate analysis, those that have completed a primary
school (OR = 3.9; 𝑝 = 0.003) and a higher secondary school
(OR = 2.9; 𝑝 = 0.005) had a higher chance of living in smoke-
free homes. The odds of living in a smoke-free home were
significantly higher for the nonsmokers and the nonsmoke-
less tobacco users relative to those who indicated they were
current smokers and smokeless tobacco users (OR = 31.1; 𝑝 <
0.001; OR = 7.0; 𝑝 < 0.001 resp.). The multivariate results
confirmed the figures observed in the univariate analysis
(OR = 28.8; 𝑝 < 0.001; OR = 7.0; 𝑝 < 0.001, resp.).

4. Discussion

The study indicated that working in a smoke-free workplace
was associated with a significantly higher likelihood of living
in a smoke-free home after adjusting for a variety of con-
founders. In addition, the people living in urban areas as well
as the nonsmokers and nonsmokeless tobacco users indicated
significantly more frequently that they lived in smoke-free
homes than those from rural areas, current smokers, and
smokeless tobacco users.

The analysis, which utilized data from the GATS con-
ducted in 15 low- and middle-income countries between
2008 and 2011, indicated, similarly as our assessment, pos-
itive associations between being employed in a smoke-free
workplace with living in a smoke-free home (for 13 countries
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Table 1: Descriptive statistics for the respondent characteristics.

Respondents (employee or self-employed) who worked indoors (out of home)𝑁 = 1856
Total respondents who worked indoors Smoke-free at home
𝑁 % 𝑁 %

Smoke-free in the workplace 1585 85.4 1512 95.4
SHS in the workplace 271 14.6 198 73.1
Age

15–29 478 25.7 439 91.8
30–44 895 48.2 820 91.6
45–59 365 19.7 342 93.7
60 and above 118 6.4 109 92.4

Gender
Male 1125 60.6 1014 90.1
Female 731 39.4 696 95.2

Residence
Rural 622 33.5 542 87.1
Urban 1234 66.5 1168 94.7

Geographical regions
North East 141 7.6 122 86.5
North Central 206 11.1 184 89.3
North West 253 13.6 225 88.9
South East 266 14.3 239 89.9
South West 718 38.7 685 95.4
South-South 272 14.7 255 93.8

Education
No formal education 326 17.6 284 87.1
Primary completed 209 11.3 193 92.3
Secondary school completed 100 5.4 86 86.0
Higher secondary school completed 852 45.9 797 93.5
College/university and above 369 19.9 350 94.9

Occupation
Employee 770 41.5 719 93.4
Self-employed 1086 58.5 991 91.3

Current smoking
Yes 108 5.8 43 39.8
No 1748 94.2 1667 95.4

Smokeless tobacco use
Yes 22 1.2 14 63.6
No 1834 98.8 1696 92.5

SHS: second-hand smoke.

Table 2: Second-hand smoke (SHS) exposure among the self-employed and employees depending on their smoking status.

SHS exposure in the workplace Self-employed𝑁 = 1086 Employee𝑁 = 770
Smokers 𝑛 = 55 Nonsmokers 𝑛 = 1031 Smokers 𝑛 = 53 Nonsmokers 𝑛 = 717

No 20 (36.4%) 868 (84.2%) 39 (73.6%) 658 (91.8%)
Yes 35 (63.6) 163 (15.8%) 14 (26.4%) 59 (8.2%)
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Table 3: Predictors of a smoke-free home. Crude and adjusted odds ratio (95% CI).

Crude
𝑝

Adjusted
𝑝

OR (95% CI) OR (95% CI)
Smoke-free in the workplace

Yes 7.6 (5.3–10.9) 𝑝 < 0.001 5.3 (3.4–8.5) 𝑝 < 0.001

No 1 (ref.) 1 (ref.)
Age (years) 1.0 (0.99–1.0) 𝑝 = 0.4

Gender
Male 1 (ref.) 1 (ref.)
Female 2.2 (1.5–3.2) 𝑝 < 0.001 0.9 (0.6–1.5) 𝑝 = 0.8

Residence
Rural 1 (ref.) 1 (ref.)
Urban 2.6 (1.9–3.7) 𝑝 < 0.001 2.0 (1.2–3.2) 𝑝 = 0.006

Regions
North East 0.8 (0.4–1.5) 𝑝 = 0.4 0.7 (0.3–1.5) 𝑝 = 0.3

North Central 1 (ref.) 1 (ref.)
North West 1.0 (0.5–1.7) 𝑝 = 0.9 2.3 (1.0–5.2) 𝑝 = 0.05

South East 1.1 (0.6–1.9) 𝑝 = 0.9 0.9 (0.4–1.9) 𝑝 = 0.8

South West 2.5 (1.4–4.4) 𝑝 = 0.002 1.2 (0.6–2.5) 𝑝 = 0.7

South-South 1.8 (0.9–3.5) 𝑝 = 0.08 1.1 (0.5–2.6) 𝑝 = 0.8

Education
No formal education 1.1 (0.6–2.1) 𝑝 = 0.8 2.2 (1.0–4.9) 𝑝 = 0.05

Primary completed 2.0 (0.9–4.2) 𝑝 = 0.08 3.9 (1.6–9.7) 𝑝 = 0.003

Secondary school completed 1 (ref.) 1 (ref.)
Higher secondary school completed 2.4 (1.3–4.4) 𝑝 = 0.007 2.9 (1.4–6.1) 𝑝 = 0.005

College/university and above 3.0 (1.5–6.2) 𝑝 = 0.003 2.3 (0.9–5.6) 𝑝 = 0.07

Occupation
Employee 1.4 (1.0–1.9) 𝑝 = 0.1 1.3 (0.8–2.2) 𝑝 = 0.9

Self-employed 1 (ref.) 1 (ref.)
Current smoking

Yes 1 (ref.) 1 (ref.)
No 31.1 (19.9–48.6) 𝑝 < 0.001 28.8 (16.8–49.5) 𝑝 < 0.001

Smokeless tobacco use
Yes 1 (ref.) 1 (ref.)
No 7.0 (2.9–17.0) 𝑝 < 0.001 7.0 (2.5–19.3) 𝑝 < 0.001

Number of people in household 0.99 (0.9–1.0) 𝑝 = 0.7

such associations were statistically significant) [11]. However,
substantial differences in the percentage of people indicating
both smoke-free homes and smoke-free workplaces have
been observed between the countries (varied from 21% in
China to 75% in Mexico). In Nigeria, such percentages were
even higher than those observed in Mexico, Thailand (73%),
and Ukraine (71%). This can result from the low prevalence
of smoking observed in Nigeria compared to the other
countries. In addition, some cultural and religious norms or
high level of awareness about the dangers of exposure to SHS,
as well as evidence of support for tobacco control laws, could
be responsible for the observed results [11, 12, 23–26]. Similar
results (as observed in low- or middle-income countries) are
indicated in longitudinal studies performed in the US, where
living in a country fully covered by a 100% clean indoor air
law in workplaces or restaurants/bars was associated with an
increased likelihood of having a voluntary 100% smoke-free

home rule both for people living with smokers (OR = 7.8, 95%
CI= 5.3–11.4) andnot livingwith smokers (OR=4.1, 95%CI=
3.3–5.2) [27, 28]. Comparably, significant reduction in smok-
ing at home after implementation of comprehensive smoke-
free policies has been observed in Ireland and in the UK [29].
Another evaluation by Edwards et al. (2008) has indicated
that, in New Zealand between 2003 and 2006, SHS exposure
in workplaces decreased from 20% to 8% and proportion of
smoke-free homes increased from 64% to 70% [30].

These results provide evidence against arguments that
smoke-free legislation may displace smoking from public to
private places and can be used as the tool for implementing
100% smoke-free public places in Nigeria. It needs to be
stressed that in 2004 Nigeria signed and in 2005 ratified the
WHO FCTC, which highlighted the importance of acceler-
ating the implementation of comprehensive tobacco control
legislation in this country [21].The other aspect, which needs
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to be considered, is that although the percentages of active
and passive smokers in this country are not as high as in other
low/middle-income countries, taking into account the extent
of the population this constitutes a significant public health
problem. This means that implementing comprehensive pol-
icy measures might result in significant benefits.

A smoke-free workplace is a cost-effective, public health
approach that encourages the important long-term goal of
eliminating tobacco use and SHS exposure [7, 9].The existing
evidence indicates that creation of public and private policies
to restrict smoking has been found to be an effective approach
to promoting cessation including reduction of the average
daily consumption of cigarettes, increasing the percentage of
smokers contemplating quitting, and increasing the percent-
age of successful quitting [13–18].This public health approach
can affect large numbers of individuals at minimal cost and
thus is an essential component of any successful strategy to
promote smoking cessation.

Our results, similar to most low- or middle-income
countries, indicate that the people in urban settings were
more likely to live in a smoke-free home environment than
those from rural areas. This can be explained by different
types of dwellings observed in these two areas (of enclosed
structure in urban and open space in rural settings) [11]. In
addition, the rural areas have the highest level of illiteracy in
the country, which might also explain the higher prevalence
of tobacco use and SHS exposure [31].

Our results show that there is a higher chance of having
smoke-free homes in the North West compared to the North
Central region of Nigeria. Data from the GATS Nigeria
(for the whole population included in the survey) indicated
that the residents of the North Central region (12.6%; 1.3
million) had the highest and those from the North West
(3.6%; 0.6 million) the lowest SHS exposure at home among
all regions [11].The differences between the regions can result
from sociodemographic, cultural/religious, and economic
determinants as well as from the implementation of policy
measures and public awareness about the active and passive
smoking and their consequences [11].

In the current analysis the self-employed individuals con-
stitute about 60% of the population and in this group, among
smokers as well as nonsmokers, the exposure to SHS in the
workplace was indicated more frequently than among the
employees.The case of a self-employed person still follows the
logic that even if a person works away from home, as a one-
man business, he or she has nomotivation to set a smoke-free
policy only for him/herself. It can be assumed that if the study
had included the average number of employees in the work-
place in the data collection, it would have provided a clearer
understanding of the issue of limited smoke-free workplace
among the self-employed.This requires further attention and
indicates that such a group of workers constitutes the target
group for antismoking and policy interventions.

Not surprisingly, the nonsmokers and nonsmokeless
tobacco users indicated significantly more frequently that
they lived in smoke-free homes than those who declared
current smoking status and smokeless tobacco use.

The study has several strengths. The Global Adult
Tobacco Survey (GATS) is a cross-sectional, nationally rep-
resentative survey and covers a large number of respondents
obtained from a general population framework, and so it
ensures the reliability and validity of the results. In addition,
the data obtained for the current analysis are based on similar
questions as those used for the assessment performed in other
low- and middle-income countries, which guarantees direct
comparability of the results [11, 12].

The limitations of the study also need to be considered.
Firstly, the lack of verification of self-reported smoking
status and SHS exposure at home/workplace can create mis-
classification. The verification of active or passive smoking
by biomarkers or environmental measurements is generally
not feasible for the large cross-sectional studies. However,
studies indicate that validated self-reported smoking status
and SHS exposure are accurate in most studies and correlate
well with the biomarker measurements [32]. Secondly, the
cross-sectional study in which both variables (smoke-free
workplace and smoke-free home) are measured simultane-
ously limits causal interpretation of our findings. However,
the longitudinal studies conducted in other countries have
demonstrated that people who worked in smoke-free work-
places are more likely to live in smoke-free homes [27–
30]. Poor surveillance of tobacco use in Nigeria means that
more robust prepost or longitudinal study designs applied to
explain the association cannot yet be employed.

In Nigeria, in the future studies, questions on the most
effective and appropriate interventions for different sectors of
the workforce (such as men and women, younger and older
workers, temporary or casual workers) need to be addressed.
Moreover, there is a need to identify the most effective
ways of encouraging employee compliance with a smoke-free
policy and resource needs of the large, medium, and small
enterprises in implementing smoke-free legislation. Based
on the policy recommendations for Nigeria the adaptation
and implementation of the law must be a collaborative effort
between federal, state, and local governments [33].

5. Conclusions

Our results support the evidence that smoke-free workplaces
have the important additional effect of stimulating smoke-
free homes in Nigeria. Since home remains a major source
of SHS exposure for children, this work clearly indicates
additional justification for enacting smoke-free workplaces
as the motivation for voluntary smoke-free home rules. The
results from the GATS can also be used against arguments
that a smoke-free legislation may displace smoking from
public to private places and strengthen implementation of the
100% smoke-free legislation in Nigeria.
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Evidence based public health requires knowledge about successful dissemination of public health measures. This study analyses
(a) the changes in worksite tobacco prevention (TP) in the Canton of Zurich, Switzerland, between 2007 and 2009; (b1) the
results of a multistep versus a “brochure only” dissemination strategy; (b2) the results of a monothematic versus a comprehensive
dissemination strategy that aim to get companies to adopt TP measures; and (c) whether worksite TP is associated with health-
related outcomes. A longitudinal design with randomized control groups was applied. Data on worksite TP and health-related
outcomes were gathered by a written questionnaire (baseline 𝑛 = 1627; follow-up 𝑛 = 1452) and analysed using descriptive
statistics, nonparametric procedures, and ordinal regression models. TP measures at worksites improved slightly between 2007
and 2009. The multistep dissemination was superior to the “brochure only” condition. No significant differences between the
monothematic and the comprehensive dissemination strategieswere observed.However, improvements inTPmeasures atworksites
were associated with improvements in health-related outcomes. Although dissemination was approached at a mass scale, little
change in the advocated adoption of TP measures was observed, suggesting the need for even more aggressive outreach or an
acceptance that these channels do not seem to be sufficiently effective.

1. Introduction

Measures for tobacco prevention (TP) at the worksite are a
key strategy of tobacco control [1], since many people spend
a great part of their day at work, where second-hand smoke
(SHS) is still common. As Kramer et al. [2] showed in their
synopsis of the literature, structural TP measures (especially
smoke-free policies) and behavioural prevention measures
(e.g., group interventions and consultations for smokers)
at the worksite contribute to reducing the prevalence of
smoking and cigarette consumption among staff [3], to
improved air quality [4], and reduced absenteeism [5].

However, for these TP measures to have a large public
health impact, they must be disseminated across organiza-
tions and adopted by them [6, 7]. Laws or regulations for

the protection of nonsmokers, which have been introduced in
many countries in recent years, have contributed significantly
to the dissemination of smoke-free policies. However, as
Radtke et al. [8] showed for Switzerland, 28% of the working
population were still exposed to SHS at the worksite in
2010, even though the Swiss Federal law for protection
against passive smoking was implemented in that year. It is
therefore an ongoing challenge for public health professionals
to sensitize decision-makers and support companies in the
implementation of TP measures, both in countries with
and without workplace smoking policies. Although several
studies have addressed the dissemination of health promo-
tion interventions associated with different health topics and
settings [9], no study has yet addressed the dissemination of
TP across worksites.
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Dissemination activities
(i) Number of contacts

(ii) Monothematic versus
comprehensive

Control variables

Attributes of the organization
(i) Size
(ii) Branch

(iii) Percentage of women
(iv) Previous practice1

Attributes of representatives
2(i) Personal concern about TP

(ii) Decisional balance3
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Figure 1: Variables to be analysedwith regard to changes ofworksite TP (research question a), predictors (question b), and outcomes (question
c) of worksite TP. Notes. 1Other workplace health promotion measures; 2tobacco prevention; 3pros and cons regarding WHP; 4second-hand
smoke.

Accordingly, this study aims to contribute to the knowl-
edge of dissemination and adoption of TP across companies
by addressing the following research questions (Figure 1). It
presents follow-up data to a 2007 survey of more than 1400
companies in the Canton of Zurich, Switzerland (for the
baseline results see [10]).

(a) In what way did the overall adoption of TP by
companies in the Canton of Zurich, Switzerland,
change between 2007 and 2009?

(b1) Does the implementation of a multistep dissemina-
tion strategy to promote TP in companies produce
larger effects regarding the adoption of TP than only
sending out an information brochure to companies?

(b2) Does embedding the topic of TP in a comprehensive
workplace health promotion (WHP) dissemination
strategy lead to better adoption of worksite TP than
promoting TP in isolation (monothematic dissemina-
tion strategy)?

(c) Does improved worksite TP lead to improved health-
related outcomes aggregated at company level?

(a) Firstly, regarding the overall adoption of worksite TP,
we examine how its prevalence changed across companies
between 2007 and 2009. In this period, the Swiss Federal
law for protection against passive smoking was not yet in
force, so companies were relatively free in their application
of nonsmoking regulations. Worksite TP includes smoking
restriction policies (spatial restrictions) and a number of indi-
vidual support measures offered to smokers (e.g., cessation
courses). Besides looking at the full adoption of these preven-
tive measures by companies, we also use the transtheoretical
model of change to analyse the five stages of change (SoC)
of companies in the adoption process [11]: precontemplation,
contemplation, preparation, action, and maintenance. This
is a more differentiated, sensitive measure covering both
attitudinal and behavioural aspects associated with future

behaviour change and clearly distinguishes between short-
term behaviour change (action) and long-term behaviour
change (maintenance).

(b1) Secondly, we analyse if the implementation of a
multistep dissemination strategy in companies to promoteTP
is more effective for the adoption of TP than only sending
out an information brochure. A systematic review of dis-
semination studies concluded that more active, multimodal
dissemination and implementation strategies are more likely
to be effective [9]. In comparing the “brochure only” to the
multistep strategy, we control for variables that are known
to be associated with TP at worksites [10]: the characteristics
of the organization (e.g., size, industry type, and previous
WHPpractice) and the characteristics of the decision-makers
within the organization (personal concern for TP, perceived
advantages of TP).

(b2)Thirdly, we examine whether an approach to dissem-
ination presenting TP as an integral part of a comprehensive
WHP strategy yields better results than an approach present-
ing TP in isolation. The rationale for comprehensive WHP
has been widely discussed [12, 13]. Regarding worksite TP, the
aim of integrating it into a broaderWHP strategy is to discuss
factors associated with smoking cessation (e.g., body weight
and diet; assumed stress relief) or with the introduction
of smoke-free worksites (e.g., corporate communications,
team climate) in the more positively connoted context of
promoting health at work. In comparing the comprehensive
and monothematic dissemination strategies, we control for
the above mentioned variables (characteristics of the organi-
sation and the representative).

(c) Fourthly, we examine whether improved worksite
TP is associated with improved health outcomes aggregated
at the company level. We included outcomes reported to
be positively affected by workplace TP: the percentage of
smokers in the workforce [3], SHS-exposure and related
complaints [4], and the absenteeism rate due to illness [5].
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Figure 2: Intervention and study design.

2. Material and Methods

2.1. Study Population and Study Design. The study included
all companies in the Canton of Zurich, Switzerland, with 20
or more employees (𝑁 = 4706), varying in their baseline
levels of worksite TP (see Table 1). This study population
was randomly divided into intervention and control groups
(simple random allocation using SPSS random number
allocator; see Figure 2). Intervention group 1 received a
“comprehensive” dissemination strategy in which TP was
part of a comprehensive approach to WHP. Control group
1 received a “monothematic” dissemination strategy with TP
as a singular topic.The comprehensive dissemination strategy
was carried out by Zurich University’sWHP consulting team.
The monothematic dissemination strategy was implemented
by TP specialists from the Swiss Lung League, a national
organization for the prevention and control of lung diseases.

In a first step, both intervention group 1 and control group
1 received bulk mailings with information brochures and
the baseline questionnaire. The “comprehensive” brochure
explained the benefits of worksite TP and WHP and of
their integration, showed how to proceed in practice, and
gave information about the consulting agency’s offers. The
“monothematic” brochure provided information about the
benefits of worksite TP, about related support services, and
invited companies to register on a website as smoke-free
workplaces. As the subsequent dissemination activities could
not be offered to all companies due to limited resources,

the companies who had answered the baseline questionnaire
were further randomly subdivided into intervention group 2
(IG 2; comprehensive intervention), control group 3 (CG 3;
monothematic intervention), and control groups 2 and 4 (CG
2 and 4, no further intervention).

Next, intervention group 2 companies were invited to
information events. As only 29 of 947 companies participated,
this step was omitted for control group 3. The subsequent
steps were telephone marketing (selectively calling compa-
nies that had expressed interest in WHP services in the
baseline questionnaire; intervention group 2: 133 companies
reached; control group 3: 80 companies reached) and free
initial consultations (intervention group 2: 92 companies;
control group 3: 49 companies. These numbers were a
subsample of those reached by the previous step). The
dissemination activities are described in detail in [14].

2.2. Data Collection. Company addresses and information
about company size (number of employees) and branch were
obtained from the Federal Statistics Office. Data on dissem-
ination activities implemented by the dissemination teams
across companies were recorded in a customer database.
The following measures of dissemination activities were
derived: presence or absence of any dissemination activity
apart from the brochure (1/0); number of contacts between
dissemination team and company; and type of dissemination
activity (0 = brochure only, 1 = monothematic intervention,
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Table 1: Changes in worksite TP between 2007 (𝑛 = 1627) and 2009 (𝑛 = 1452); cross-sectional data in percent (scale coding in brackets).

There is no policy (0) Smoking is allowed
anywhere (1)

Smoking is allowed outside
and in certain indoor areas

(2)

Smoking is allowed
outside, not in buildings

(3)

Smoking is not allowed
anywhere (4)

Prevalence and restrictiveness of smoking policies
2007 5.8 4.1 47.6 40.0 2.5
2009 4.9 2.8 41.4 48.6 2.3

Number of individual support measures∗

0 1 2 3
2007 85.0 11.6 2.8 0.6 —
2009 84.2 12.9 2.3 0.6 —

Precontemplation (1) Contemplation (2) Preparation (3) Action (4) Maintenance (5)
Stage of change “smoke-free policy”

2007 20.8 21.9 3.9 5.9 47.5
2009 14.5 15.8 3.7 5.5 60.5

Stage of change “cessation courses”
2007 67.9 24.2 1.5 3.1 3.3
2009 66.9 22.1 1.8 5.7 3.5
∗For example, cessation courses, information material, or individual counseling for smokers.

and 2 = comprehensive intervention). The other variables
(Figure 1) were measured using a written questionnaire
addressed to the human resources or occupational health
managers as representatives of the companies who should
have the best overview of the relevant variables. The baseline
measurement was made in June 2007 (t1); a follow-up mea-
surement was made in March 2009 after the dissemination
activities had been implemented (t2). Both questionnaires
were sent to all companies in the Canton of Zurich, Switzer-
land, with 20 or more employees (𝑡1 𝑁 = 4706; 𝑡2 𝑁 =
4472). The questionnaire was the same for the baseline and
follow-up levels. Details of the variables (number of items,
response format) are described in the Appendix and in [10].

2.3. Participating Sample. Of the questionnaires sent to 4706
companies at baseline level, 1648 were returned (response
rate after excluding undeliverable questionnaires: 36.5%). Of
those, 1627 could be analyzed. For the follow-up, undeliv-
erables were excluded from the addressees, resulting in a
population of 𝑁 = 4472. A total of 1502 questionnaires
were completed at follow-up, of which 1452 were suitable
for analyses. A total of 244 questionnaires were returned
blank because the company had fewer than 20 employees,
moved away, or had ceased to exist. After subtracting these
from the population, the response rate was 35.5%. A total
of 827 companies returned both the baseline and follow-up
questionnaires. Compared to data from the Federal Statistics
Office, the survey samples are representative of worksites
in the Canton of Zurich as regards company size and
the four major branches (construction, hospitality, health-
care/welfare, and trading/maintenance/repair), except that
healthcare and welfare organizations are slightly overrepre-
sented. Regarding the characteristics of the organizations and
representatives, the follow-up sample is comparable to the

baseline sample (seeAppendix and [10]). At follow-up, 64%of
the participating companies had 20–49 employees, 30% 50–
250 employees, and 5%more than 250 employees at baseline.
Of the representatives who completed the questionnaire at
follow-up, 72% were nonsmokers, 48% were CEOs, and
44% were human resource managers. Irrespective of their
position, 49% reported that they were authorized to decide
on occupational health measures in their companies.

2.4. Data Analyses. Descriptive statistics and Wilcoxon tests
were used to examine the changes in worksite TP (policy
restrictiveness, number of individual support measures) and
stages of change regarding smoke-free policy and cessation
course between 2007 and 2009 (research question a).

To answer research questions (b1) and (b2), t-tests and
ordinal regression analyses were performed, with control
variables (attributes of the organization and the representa-
tives; measured at t1) and dissemination strategies as factors
((b1) brochure only versus brochure and other, number of
contacts; (b2)monothematic versus comprehensive strategy),
and differences in worksite TP (policy restrictiveness, indi-
vidual support measures) and stages of change (smoke-free
policy, cessation course) between 2009 and 2007 (t2 minus t1
data) as dependent variables.

Ordinal regression analyses were performed to test
whether changes in TP (policy restrictiveness, individual
support measures) and the organizations’ stage of change
(smoke-free policy, cessation course) predict improvements
in health-related outcomes (percent of smokers, second-hand
smoke related problems, and absenteeism; research question
c). We used categorized changes in TP (−1 = decrease, 0 = no
change, and 1 = increase) as factors and differences (t2 minus
t1 data) in health-related outcomes as dependent variables.
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Table 2: Longitudinal changes with regard to worksite TP and health-related outcomes aggregated at company level (Wilcoxon tests).

Mdn
𝑡1

a Mdn
𝑡2

a Decrease No change Increase 𝑛 𝑍 𝑝 𝑟
b

Worksite TP1

Restrictiveness of smoking policy 2 3 9.4% 68.5% 22.1% 809 −5.941 <.001 −0.21
Number of individual support measures 0 0 9.1% 78.8% 12.1% 827 −1.609 .054 −0.06
SOC2 smoke-free policy 4 5 12.6% 54.8% 32.6% 786 −7.666 <.001 −0.27
SOC2 cessation courses 1 1 16.1% 65.6% 18.3% 771 −2.376 .009 −0.09

Health-related outcomes aggregated at company level
% smokers in the workforce3 2 2 17.7% 56.0% 26.3% 723 −3.254 <.001 −0.12
SHS4-related problems5 1 1 31.4% 49.0% 19.6% 816 −6.195 <.001 −0.22
Absenteeism due to illness5 2 2 27.0% 46.3% 26.8% 800 −0.790 .215 −0.03

Note. aMedian.
bEffect size.
1For scale coding, see Table 1.
2Stage of change.
31 = 0–20%, 5 = 80–100%.
4Environmental tobacco smoke.
5Answers were given on a five-point scale from 1 (“does not apply”) to 5 (“applies”).

3. Results

3.1. Changes in Adoption of Worksite TP between 2007 and
2009. A comparison of cross-sectional data in 2007 and
2009 showed that the proportion of organizations with no
smoking regulations (or smoking allowed anywhere) was
slightly reduced (see Table 1).The largest change was found in
tightening the policy from “smoking is allowed outside and in
certain indoors areas” to “allowed outside, not in buildings.”
The number of individual support measures (e.g., cessation
courses) did not differ between the two years. In 2009, more
companieswere in a higher stage of change (SOC) concerning
the introduction of smoke-free policies, with a particularly
large increase of the maintenance stage. The SOC regarding
cessation courses remained low.

Longitudinal analyses showed that the changes within
companies participating in the baseline and follow-up sur-
veys (𝑛 = 827) were also rather small, but conformed to
the cross-sectional data. Wilcoxon tests analysed whether
changes between t2 and t1 data in worksite TP (−1 = decrease,
0 = no change, and 1 = increase) were statistically signif-
icant (Table 2). The results indicated that more companies
tightened their smoking policies than those adopting a looser
policy.Therewere alsomore companieswith an SOC increase
in smoke-free policy and cessation courses than those with an
SOCdecrease. However, effect sizes for these differences were
rather small [15].

3.2. Effect of Dissemination Strategies on theAdoption ofWork-
site TP. In a first step, t-tests assessed whether control groups
2 (comprehensive brochure only) and 4 (monothematic
brochure only) differed with regard to changes in worksite
TP (t2 minus t1 data). As shown in Table 3, there were no
significant differences between the two groups.Therefore, CG
2 and CG 4 data were pooled for the following analyses.

To analyse the relationship between control variables,
interventions, and the adoption of worksite TP, we performed
ordinal regression analyses (Table 4).The results showed that
construction companies improved more than companies in

other branches with regard to the restrictiveness of their
TP policy, and hospitality venues improved less. However,
construction companies improved less with regard to the
number of individual support measures. Health and wel-
fare organizations improved more in their stage of change
regarding cessation courses than other sectors. Companies
that had adopted many other WHP measures at t1 improved
less in their SoC regarding a smoke-free policy. The same is
true for companies that reported high personal concern and
perceived advantages at t1.

As to the effect of the dissemination strategies, the results
showed that the “brochure only” intervention (control groups
2 and 4) was associated with less improvement in individual
support measures than any additional (monothematic or
comprehensive) interventions. However, the number of addi-
tional contacts were not predictive of the outcomes. In com-
paring the dissemination strategies, we found no significant
differences between intervention group 2 (comprehensive
dissemination strategy) and control group 3 (monothematic
dissemination strategy). However, the results at least show a
statistically not significant tendency for the comprehensive
intervention to be superior as regards policy restrictiveness
and the related SoC, whereas the monothematic intervention
was superior as regards outcomes relating to smoking cessa-
tion.

3.3. Effect of Worksite TP on Health-Related Outcomes. In
the entire sample, more companies reported an increased
percentage of smokers in their workforce than a decreased
one (Table 2), whereas problems related to environmental
tobacco smoke decreased. Absenteeism due to illness did
not change significantly. As regards the question of whether
changes in worksite TP predict changes in health-related out-
comes, ordinal regression analyses with categorized changes
in TP as factors showed that less restrictive policies and a
decreased SoC regarding smoke-free policies were associated
with an increased percentage of smokers in the workforce
and increased SHS-related problems between 2007 and 2009
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Table 3:Differences between control group 2 (comprehensive brochure only) and control group 4 (monothematic brochure only) with respect
to advances (𝑡2− 𝑡1 data) in worksite TP (𝑡-tests).

Control gr. 2 Control gr. 4
(𝑛 = 151a) (𝑛 = 40a)

Mean SDb Mean SDb
𝑡

Differences1 in
Restrictiveness of policy .155 .8628 .244 .4889 −.632
Number of individual support measures .055 .5325 −.023 .5112 .860
SOC2 smoke-free policy .49 1.687 .45 2.062 .139
SOC2 cessation courses .05 .889 .10 .810 −.345
Note. aCompanies who participated in both surveys and answered the respective questions both times.
bStandard deviation.
1
𝑡2 data minus 𝑡1 data; for scale coding, see Table 1.
2Stage of change.

(Table 5). A decreased SoC regarding smoke-free policies
is also associated with more absenteeism due to illness.
Decreased and unchanged numbers of individual support
measures are associated with more SHS-related problems,
whereas a decreased SoC regarding cessation courses is asso-
ciated with a higher percentage of smokers in the workforce.

4. Discussion

This study shows that in 2009 only half of the worksites in
the Canton of Zurich, Switzerland, had adopted an effective
smoking policy (48% banned smoking indoors, 2.3% any-
where). Only few offered individual support measures for
smokers. Longitudinal analysis (research question a) showed
slight but significant improvements in worksite TP, notably
regarding smoking policies. Companies in the construc-
tion sector improved more than other companies, probably
because they started from a considerably lower level of TP in
2007. In contrast, hospitality venues improved less. Protection
from SHS for employees in hospitality venues still remains
inconsistent and suboptimal, as the Swiss Federal law for
protection against passive smoking from 2010 still allows
exemptions from the smoking ban in this sector [16].

The other control variables (previous practice, personal
concern, and perceived advantages) that predicted the state
of worksite TP at baseline (cf. [10]) are not or negatively
associated with improvements in worksite TP, measured as
t2 minus t1 data. This may be due to the fact that companies
with high levels of these control variables already had higher
levels of TP at t1 [10] and thus less room for improvement.

Regarding research question (b1), the results showed
that, compared to the “brochure only” groups, additional
(monothematic or comprehensive) dissemination activities
had a positive impact on the number of individual support
measures and the related SoC of companies. However, this
effect could not be found for the outcomes relating to
smoking policy. This can be explained by the societal context
of this study: it took place during the run-up to the Federal
law for protection against passive smoking at worksites,
which was accompanied by vigorous public debates over the
benefit of smoke-free policies, and as part of a general trend

towards such policies (e.g., a nonsmoking policy in Swiss
trains had been introduced in 2005).Thus, the dissemination
activities probably could not generate any effect on worksite
smoking policies in addition to the historical developments
that were strong enough to produce significant results in the
longitudinal analysis. Also, the number of contacts between
the intervention teams and the companies (in addition to
brochure) did not predict improvement in any of the worksite
TP measures. Research question (b2) focused on a compari-
son of the monothematic and comprehensive dissemination
strategy. Although the data (bottom of Table 3) suggest that,
compared to the monothematic dissemination strategy, the
comprehensive strategy led to greater improvements in policy
restrictiveness, whereas the monothematic dissemination
strategy was superior as regards the improvement of individ-
ual support measures, no statistically significant differences
between the two dissemination strategies were found.

With respect to research question (c), this study showed
that changes in worksite TP are associated with changes in
relevant health-related outcomes aggregated on the company
level. In particular, a less restrictive policy, less individual
support measures, and a decreased stage of change regarding
smoke-free policy predict an increase in SHS-related prob-
lems. That is, maintaining positive changes in organizations
seems to pay off. However, these findings should be inter-
preted with caution as they rely on self-reporting from a
single representative within an organization.

The strengths of the study lie in its longitudinal, random-
ized controlled trial design, the large sample size, and the
real-world setting in which the interventions were studied,
as urged by Rabin et al. [9]. The heterogeneity of companies
included in this broad field study assures that the results are
generalizable to contexts where legal regulations are debated
but not yet in force.

However, this field setting also caused some limitations:
first, the compared dissemination strategies differed not only
with respect to the implementation teams but also with
respect to the steps taken: the information events in the
intervention group were omitted for the control groups.
Second, for feasibility reasons, baseline questionnaires and
information brochures were sent in the same mailing; to
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Table 4: Bivariate odds ratios for predictors (𝑡1 data) of differences in worksite tobacco prevention (ordinal regressions).

Differences (𝑡2 minus 𝑡1 data) in
Policy

restrictivenessa
Number of individual support

measuresa
SOCb smoke-free

policya
SOCb cessation

coursea

Organizational attributes1

Company size
<50 employees 1.62 1.62 0.98 1.21
50–250 employees 1.82 1.90 0.97 0.98
>250 employees ref. ref. ref. ref.

Branch
Construction 2.27∗∗ 0.41∗∗ 0.94 0.80
Hospitality 0.46∗∗ 1.02 1.18 0.89
Health and welfare 0.83 0.91 0.77 1.58∗

Other ref. ref. ref. ref.
% women in workforce
<20% 1.60+ 0.77 0.83 0.92
20–39% 1.01 0.67 0.83 0.79
40–59% 1.16 0.81 1.14 0.79
60–79% 0.78 0.81 0.68 1.18
>80% ref. ref. ref. ref.

Other WHP2-measures 1.04 0.97 0.86∗ 0.91
Attributes of the representative1

Personal concern 0.89+ 0.90 0.80∗∗ 0.88+

Perceived advantages3 0.79∗ 0.94 0.59∗∗ 0.94
Dissemination strategies
Brochure only 0.97 0.53∗ 0.87 0.56∗

Brochure and other4 ref. ref ref. ref.
Number of contacts5 0.99 1.04 1.02 1.05
Type of intervention

Monothematic intervention6 0.51 1.42 0.80 1.63
Comprehensive intervention7 ref. ref. ref. ref.

Note. aFor scale coding, see Table 1.
bStage of change.
+
𝑝 < .10; ∗𝑝 < .05; ∗∗𝑝 < .01.
1Measured at 𝑡1.
2Workplace health promotion (0 up to 6 measures, as stated in the questionnaire).
3Pros and cons for the respective measure, cons recoded.
4Information event, telephone marketing, and free initial consultation.
5In addition to brochure; as listed in the customer database.
6Control group 3 companies with intervention.
7Intervention group 2 companies with intervention.

achieve a sound baseline, the questionnaires should have
been sent before the brochures, also allowing for a no-
brochure control group. Third, self-selection in survey par-
ticipation in this study probably led to an overestimation
of the actual prevalence of TP, since more advanced com-
panies are more likely to participate. Also, the companies
that participated in the information events and in initial
consultations presumably attach greater importance to the
wellbeing of their employees and have the resources to invest
in TP or broader WHP activities. This does not limit the
external validity of the results, as this selection bias will also
apply to future efforts to disseminate voluntary TP measures

outside a study context. However, this is problematic from
a public health equity perspective, because less privileged
groups of employees remain disadvantaged and have less
chance of benefiting from voluntary TP and WHP. Thus, the
importance of consistent legal regulations regarding tobacco
control reaching all companies independently of existing
resources and motivation for TP becomes even clearer.

5. Conclusions

This is the first large-scale, longitudinal field study examining
the active dissemination and adoption of TP across compa-
nies from all economic sectors in a region. Over a period
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Table 5: Bivariate odds ratios for predictors of differences (𝑡2 data minus 𝑡1 data) in health-related outcomes aggregated at the company level
(ordinal regressions).

Differences (𝑡2 minus 𝑡1 data) in
% Smokers SHSa-related problems Absenteeism

Change in policy restrictiveness
Decrease 1.73∗ 4.95∗∗ 1.32
No change 0.91 2.91∗∗ 1.21
Increase ref. ref. ref.

Change in individual support measures
Decrease 0.83 1.64+ 1.14
No change 0.96 1.53∗ 0.86
Increase ref. ref. ref.

Change in SOC1 policy
Decrease 1.77∗ 2.47∗∗ 1.53∗

No change 1.12 2.30∗∗ 1.12
Increase ref. ref. ref.

Change in SOC1 course
Decrease 1.82∗ 1.01 1.00
No change 1.12 0.99 0.98
Increase ref. ref. ref.

Note. aEnvironmental tobacco smoke.
+
𝑝 < .10; ∗𝑝 < .05; ∗∗𝑝 < .01.
1SOC = Stage of change.

of two years (2007–2009), it showed slight improvements in
worksite TP, specifically with respect to smoking policies;
the companies’ activities with respect to individual support
measures for smokers remained low. Although dissemination
was approached at a mass scale, it had modest reach and
we observed only slight improvements in the advocated
adoption of policies and programs. On the one hand, this
might be explained by the societal context of this study:
the dissemination activities probably could not generate
any effect in addition to the historical trend. On the other
hand, the fact that we did not observe clear benefits of
the dissemination activities might also suggest the need for
even more aggressive outreach and communication to target
companies, or an acceptance that these channels do not seem
to be sufficiently effective to merit investment. One might
argue that legal regulations will be the adequate measure to
ensure TP at worksites; however, as Radtke et al. [8] showed,
a considerable proportion of the working population were
still exposed to SHS at the worksite in 2010, even though
the Swiss Federal law for protection against passive smoking
was then in force. Therefore, further research is needed to
explore more promising channels of dissemination in order
to promote worksite TP. The finding of our study, indicating
that improvements in TPmeasures at worksites are associated
with improvements in aggregated health-related outcomes,
shows that this will be worthwhile.

Appendix

A. Questionnaire Measures

The present research assessed the following variables at
baseline and follow-up via a written questionnaire (Table 6).

(1) Attributes of the Organisation. The percentage of female
employees was assessed by one item with given answer
options in percent (see Table 4). To analyse the companies’
previous practice with regard to workplace health promotion,
we used four items to assess the extent to which health pro-
motionmeasures (e.g., courses for general health behaviours)
were already implemented at the workplace. Answers were
given on a five-point scale (1 = not interested, 3 = intention
to implement in the next months, and 5 = systematically
implemented).

(2) Attributes of the Representative. Representatives indicated
the extent to which they were personally concerned about
tobacco prevention (e.g., “smoking is a private matter and
none of the company’s business”; 1 = disagree, 5 = agree)
and how they evaluated a selection of possible pros and
cons with regard to smoke-free workplaces and smoking
cessation courses (health and economic benefits, rejection by
employees and investments; 1 = disagree, 5 = agree).

(3) Worksite Tobacco Prevention. Participants used a single
forced-choice item to indicate the extent to which tobacco
prevention policies were already in place (0 = “there is no
policy,” 1 = “smoking is allowed anywhere except a few
nonsmoking areas,” 2 = “smoking is allowed outside and in
certain indoor areas,” 3 = “smoking is allowed outside, but not
in buildings,” and 4 = “smoking is not allowed anywhere”). To
assess the prevalence and number (0–3) of individual support
measures, we asked whether companies offered smoking
cessation courses for their personnel, individual consultancy
for smokers, or information material. To assess the stages
of change with regard to worksite tobacco prevention, we
used one item focussing on smoke-free policies and another
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Table 6: Sample composition of the baseline and follow-up studies.

Baseline Follow-up
(𝑛 = 1627) (𝑛 = 1452)
𝑛 % 𝑛 %

Characteristics of the representatives
Smoking status

Nonsmoker 1198 74.0 1046 72.0
Occasional smoker 209 12.9 165 11.4
Smoker 212 13.1 184 12.7

Function
CEO 820 49.7 703 48.4
Human resource manager 747 45.3 649 44.7
Health and safety manager 209 12.7 181 12.5

Authority to decide upon WHP measures
Not authorised 762 47.6 741 51
Authorised 839 52.4 711 49

Characteristics of the organisations
Size

20–49 employees 1035 63.0 927 63.8
50–250 employees 528 32.2 435 30.0
>250 employees 79 4.8 76 5.2

Branch
Construction 140 8.5 117 8.1
Hospitality 131 8.0 127 8.7
Healthcare and welfare 247 15.0 201 13.8
Other 1127 68.5 996 69.2

%Women
<20% 472 29.6 414 28.5
20–39% 292 18.3 266 18.3
40–59% 414 25.9 370 25.5
60–79% 232 14.5 232 16.0
>80% 187 11.7 153 10.5

focussing on cessation courses. Answers were given on a five-
point scale with the following answer options: “We are not
interested in adopting a smoke-free policy/cessation courses”
(1, precontemplation); “We have not yet implemented a
smoke-free policy/cessation courses but are interested in
doing so” (2, contemplation); “We intend to implement a
smoke-free policy/cessation courses in the next few months”
(3, preparation); “Until now we have implemented a smoke-
free policy/cessation courses only erratically” (4, action);
“We have systematically implemented a smoke-free pol-
icy/cessation courses” (5, maintenance).

(4) HealthOutcomes.The percentage of smokers was assessed
by one itemwith given answer options in percent (1 =< 20%, 2
= 20–39%, 3 = 40–59%, 4 = 60–79%, and 5 => 80%). Problems
related to environmental tobacco smoke (i.e., exposure to
and complaints about environmental tobacco smoke) were
assessed using a five-point rating scale (1 = disagree, 5 =
agree). Absenteeism was assessed using a single item: “In our
company we have a high level of absenteeism due to illness”
(1 = disagree, 5 = agree).

Apart from the questions relating to previous practice and
personal concern, all items included the response option “I
don’t know” in case an answer was not possible.
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und Nutzen, B. Badura, H. Schröder, and C. Vetter, Eds., vol.
2008 of Fehlzeiten-Report, pp. 65–76, Springer, Berlin, Germany,
2009.

[3] D. T. Levy, F. Chaloupka, and J. Gitchell, “The effects of tobacco
control policies on smoking rates: a tobacco control scorecard,”
Journal of Public Health Management and Practice, vol. 10, no.
4, pp. 338–353, 2004.

[4] J. L. Repace, J. N. Hyde, and D. Brugge, “Air pollution in Boston
bars before and after a smoking ban,” BMC Public Health, vol. 6,
article 266, 2006.

[5] E. Kelloway, J. Barling, and C. Weber, “Smoking and absence at
work: a quantitative review,” inVoluntary EmployeeWithdrawal
and Inattendance: A Current Perspective, M. Koslowsky and M.
Krausz, Eds., pp. 167–178, Plenum Publishing, New York, NY,
USA, 2002.

[6] R. E. Glasgow, T. M. Vogt, and S. M. Boles, “Evaluating the
public health impact of health promotion interventions: the RE-
AIM framework,”American Journal of Public Health, vol. 89, no.
9, pp. 1322–1327, 1999.

[7] G. Parcel, C. Perry, and W. Taylor, “Beyond demonstration:
diffusion of health promotion innovations,” in Health Promo-
tion at the Community Level, N. Bracht, Ed., pp. 229–251, Sage
Publications, Newbury Park, Calif, USA, 1990.

[8] T. Radtke, R. Keller, H. Krebs, and R. Hornung, Passivrauchen
in der Schweizer Bevölkerung 2010. Zusammenfassung des Pas-
sivrauchberichts 2011, Universität Zürich, Zürich, Switzerland,
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ation of implementation, compliance and acceptance of partial
smoking bans among hospitality workers before and after the
Swiss Tobacco Control Act,” Journal of Public Health, vol. 37, no.
1, pp. 89–96, 2015.



Research Article
Evaluation of the Effectiveness and Implementation of
an Adapted Evidence-Based Mammography Intervention for
African American Women

Linda Highfield,1 Marieke A. Hartman,2 L. Kay Bartholomew,2

Philomene Balihe,3 and Valerie A. Ausborn3

1Department of Management, Policy and Community Health, School of Public Health, University of Texas, 1200 Pressler Street,
Houston, TX 77030, USA
2Department of Health Promotion and Behavioral Sciences, School of Public Health, University of Texas, 7000 Fannin Street,
Houston, TX 77030, USA
3Episcopal Health Foundation, 500 Fannin Street, Suite 300, Houston, TX 77002, USA

Correspondence should be addressed to Linda Highfield; linda.d.highfield@uth.tmc.edu

Received 23 June 2015; Revised 10 August 2015; Accepted 18 August 2015

Academic Editor: Giedrius Vanagas

Copyright © 2015 Linda Highfield et al.This is an open access article distributed under the Creative CommonsAttribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Breast cancermortality disparities continue, particularly for uninsured andminority women. A number of effective evidence-based
interventions (EBIs) exist for addressing barriers tomammography screening; however, their uptake anduse in community has been
limited. Few cancer-specific studies have evaluated adapted EBIs in new contexts, and fewer still have considered implementation.
This study sought to (1) evaluate the effectiveness of an adapted mammography EBI in improving appointment keeping in African
American women and (2) describe processes of implementation in a new practice setting. We used the type 1 hybrid design to test
effectiveness and implementation using a quasi-experimental design. Logistic regression and intent-to-treat analysis were used to
evaluatemammography appointment attendance.The no-show rate was 44% (comparison) versus 19% (intervention).The adjusted
odds of a woman in the intervention group attending her appointment were 3.88 (𝑝 < 0.001). The adjusted odds of a woman
attending her appointment in the intent-to-treat analysis were 2.31 (𝑝 < 0.05). Adapted EBI effectiveness was 3.88 (adjusted OR)
versus 2.10 (OR) for the original program, indicating enhanced programeffect. Anumber of implementation barriers and facilitators
were identified. Our findings support previous studies noting that sequentially measuring EBI efficacy and effectiveness, followed
by implementation, may be missing important contextual information.

1. Background

Breast cancer is themost common cancer in the United States
and is the second leading cause of cancer mortality in women
[1, 2], with lower incidence in African American women but
higher stage at diagnosis and greater mortality as compared
to non-Hispanic white women [2, 3]. Enhancing guideline
adherent mammography routines among these women may
be important to address this disparity [3]. While a number
of effective evidence-based interventions (EBIs) exist for
addressing barriers to mammography screening, like other
EBIs, their uptake and use in community settings have been
limited [4–7]. Reasons for lack of uptake include cancer

planners’ anticipation of amisfit between interventions tested
in controlled efficacy trials and the needs of their settings [8–
10]. Both the perception of lack of fit and the possibility of real
deficits in an EBI fit for a new community can be addressed
by judicious and systematic adaptation of EBIs by research-
practice partnerships and consultation with the community
to improve fit [8–15].

Planners face the challenge of striking a balance between
program fidelity, that is, implementation of an EBI as
intended, and adaption to the needs of the adopting site [15].
Some efforts to promote use of evidence-based programs
suggest that the primary concern should be fidelity rather
than adaptation because of the lack of data to suggest that

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 240240, 9 pages
http://dx.doi.org/10.1155/2015/240240

http://dx.doi.org/10.1155/2015/240240


2 BioMed Research International

adaptation improves program effectiveness [16]. However, in
a review of over 500 studies that demonstrated that program
implementation affected outcomes of prevention programs,
Durlak and DuPre point out that while higher levels of
fidelity were closely tied to improved program outcomes,
levels of fidelity were well below 100% across interventions
[17]. Therefore some adaptation occurred and might have
been seen as necessary for program implementation. Elliott
and Mihalic have outlined four ways that programs are
typically adapted: adding or deleting program components;
changing program components or content; changing the
process or intensity of implementation; and making cultural
modifications [16]. Barrera Jr. and colleagues found that
behavioral interventions were more effective when adapted
for a new cultural group than usual care and other control
conditions and that most planners agreed that adaptation
beginswith data collection, to inform the need for adaptation,
and ends with testing in the new setting [18].

Best practice is to always evaluate an EBI used in a new
setting, however, particularly one that has been adapted.
Evaluation of adapted EBIs is recommended, since adaptation
may harm the effective elements of an EBI (i.e., core elements)
[11]. Besides this need for impact evaluation, there is a
need to evaluate the feasibility and fidelity of intervention
implementation in the new population and setting [10].
However, few cancer-specific studies have evaluated effec-
tiveness of adapted evidence-based interventions in new
contexts, and fewer still have evaluated implementation in
real-world contexts specifically [19, 20]. Of the few stud-
ies that have evaluated implementation of cancer-specific
EBIs, facilitators for implementation and fidelity included
the use and enthusiasm of program champions, academic
detailing, and training (a higher degree of control) and
team involvement/communication. Barriers included lack of
attendance at training sessions, incomplete exposure to EBI
tools/components, and competing demands at the practice
level [20]. The authors could find no published studies that
discussed real-world implementation of mammography EBIs
in particular.

Therefore, the objectives of this study were to (1) eval-
uate the effectiveness of an adapted mammography EBI
in improving appointment keeping for mammography in
African American women and (2) describe processes of
implementation of the EBI in a practice setting. Study results
will test the hypothesis in which the effectiveness of the
original EBI will be retained after adaptation and provide
lessons learned for future intervention implementation in the
real-world setting of mammography screening.

2. Methods

2.1. Evidence-Based Intervention. For this study, we adapted
the intervention “Breast Cancer Screening among Nonad-
herent Women,” originally developed by Duke University
and Kaiser Foundation Health Plan [21]. The intervention
is a tailored telephone counseling reminder based on the
TranstheoreticalModel ofChange [22].Theprogramassessed
a woman’s stage of readiness to attend her appointment

through a series of survey questions and counseled her
through barriers to attendance. Following the Transtheo-
retical Model, the five stages were as follows: precontem-
plation, no intention to attend appointment; contemplation,
intends to attend appointment; preparation, intends to attend
appointment and is making preparations for taking action;
action, has attended the appointment; maintenance, keeps
attending appointments [22]. In the original trial, women
who were off schedule with screening were more than twice
as likely to get a mammogram if they received the telephone
counseling (OR = 2.10).

We adapted the intervention using Int Map Adapt, a
modified version of intervention mapping (for full details of
the intervention adaptation, please see Highfield et al. also
in this issue) in the following ways: (1) performing needs
assessment among local AfricanAmericanwomen to identify
salient barriers and include them in the barrier scripts; (2)
developing a foundational communication process based on
active listening to make it easier for the patient navigator to
hold a real world rather than research conversation (when not
dealing with a specific barrier) and to develop rapport with
the patient; (3) changing assessment of stage of readiness to
include only two categories precontemplation/contemplation
or preparation/action and then matching the script to
whether the women intended to keep her appointment or
is unsure; (4) pretesting the changes with local women to
assess acceptability and fine-tune scripts; and (5) develop-
ing an implementation protocol and training the navigator
[14]. The adapted intervention aimed to increase scheduled
mobile mammography screening appointment attendance
rates among low-incomeAfrican American women with care
provided by a mobile mammography provider which was
the largest nonprofit breast cancer screening organization in
the greater Houston area. The systematic and collaborative
adaptation process of the original EBI for use in local practice
is reported elsewhere (see Highfield et al., this issue).

2.2. Study Design. We used the type 1 hybrid design to test
the intervention’s effectiveness and to gather information on
the implementation [23, 24]. This type of design focuses on
effectiveness evaluation and answers questions such as “what
are possible facilitators and barriers to real-world imple-
mentation of an EBI?” and “what potential modifications
could be made to maximize implementation?” in addition.
We originally planned a randomized controlled trial but
found that the navigator could not alternate between usual
care and the adapted intervention. Therefore, we changed
to a quasi-experimental, sequential recruitment design in
which we assigned contacted women to usual care or
adapted intervention in sequential groups of 50 patients.
See enrollment and study limitations for further detail. The
time period for enrollment and collection of patient data
was predetermined based on funding and availability of the
clinical partner and took place from February to December
2012.We sought to contact asmany patients as possiblewithin
this time window. This study operated under Institutional
Review Board approval from St. Luke’s Episcopal Hospital
Institutional Review Board.
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2.3. Study Setting. A local mobile mammography partner
served as the site for implementation of the intervention
(including recruitment and data collection). In 2011, the
organization provided 33,784 screening and diagnostic pro-
cedures for those able to pay; 19,369 screening and diag-
nostic procedures at no charge to low-income, uninsured
women; and 8,857 free patient navigation services to patients
without insurance. Mobile screeningmammography services
are provided to over 7,000 women a year, covering a 15-
county region centered on Harris County, TX. Services are
provided in a variety of settings, including schools, work-
sites, federally qualified health centers, churches, and other
community settings. The mobile mammography provider in
this study serves a diverse population including Caucasians,
Hispanics, Asians, African Americans, and immigrant pop-
ulations. Approximately 20% of the low-income, uninsured
patient population at the time of study was African American
(2,200 women). The baseline expected no-show rate for
uninsured, low-income African American women was 38%
(unpublished data).

2.4. Patient Enrollment. Inclusion criteria were as follows:
African American, female, age 35–64, uninsured, income of
≤200% of the federal poverty level (FPL), and an upcoming
appointment for a mobile screening mammogram at a pro-
gram partner site. We identified eligible patients from the
electronic patient scheduling records. The patient navigator
made three calls to reach all eligible patients including calls
at different times of the day and weekends for those who
were not reached in the initial attempt. Reached individual
patients received one phone call from the patient navigator in
order to deliver the intervention. We expected intervention
calls would take on average 6–10 minutes. Reached indi-
vidual patients were initially enrolled into each group by
randomization (using a randomized controlled trial (RCT)
design) from February to April 2012; however, we ran into
implementation issues with the patient navigator (see Sec-
tion 3), so we adjusted to a sequential enrollment procedure
from May to December 2012. The navigator called patients
in the comparison group and provided them with a standard
appointment reminder which included the date, time, and
location of their upcoming appointment. If a patient did not
answer the phone, the navigator left a voicemail message
containing the reminder.The navigator read to patients in the
intervention group an oral consent over the phone and after
consent asked the following staging question: “How confident
are you that you will keep your upcoming appointment?”
The navigator then counseled as needed for any barriers
uncovered in the phone call per the intervention protocol. No
blinding was used in this study.

2.5. Measures and Data Tracking. The primary outcome of
appointment keeping was ascertained from mobile mam-
mography clinical records (nonattendance = 0, attendance =
1). In addition, we collected information about sites, age
of patient, number of days between reminder call and
appointment, and study stage (i.e., design coded as 0/1
for randomized controlled trial versus quasi-experimental

one). Appointments were scheduled to 41 different sites
across 8 counties. The sites were divided into 2 categories,
community sites (local nonprofit organizations or govern-
ment agencies, community initiatives, schools, health fairs,
or other community organizations) and hospital/clinic sites
(local hospital, federally qualified health center, or charity
clinic). Age and days to appointment were categorized in the
following categories: 35–39, 40–49, and 50–64 years old and
0 days, 1 day, 2 days, 3-4 days, and 5 days or more between
phone call and appointment.

We evaluated the secondary outcome of implementa-
tion fidelity by monitoring of intervention phone calls and
comparing them to the protocol, making site visits to the
mammography site, and meeting with implementation staff
(researchers and practitioners). A series of three phone calls
made by the patient navigator were recorded at the beginning
of implementation. These recordings were evaluated by the
research team for compliance in asking the staging question
and using active listening and scripted responses to patient
identified barriers during the phone call. Following review,
the navigator received feedback on the staging question
and active listening. During implementation, phone calls
were periodically monitored on-site by a member of the
research team for the same compliance issues. In addition, we
made postintervention follow-up phone calls to a randomly
selected subset of intervention patients (𝑛 = 50) to assess
their perception of the EBI calls and systems barriers encoun-
tered (see Topic-List).

Topic-List for Follow-Up Calls and Implementation Evaluation

(1) Is there anything youwant to tellme about yourmam-
mogram appointment so we can make the experience
better?

(2) Do you remember talking to anyone from [mobile
mammography programname] before yourmammo-
gram appointment? Do you remember who?

(3) What was the conversation about?

(4) What stands out about your experience talking to
(navigator name)?

(5) Please tell me what caused you to keep this mammo-
gram appointment? (Probe: was there anything else?)

(6) Do you remember anything specific about the con-
versation with (navigator name) that helped you keep
your appointment? If yes, what about the conversa-
tion helped you keep your appointment?

(7) Are there any other reasons you kept your mammo-
gram appointment?

(8) On a scale from 1 to 5, with 5 being most helpful,
how helpful did you find your phone call with (insert
navigator name)?

(9) Can you think of things that would have been helpful
to hear from (navigator name) that would have made
the phone call better?
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(10) Was there anything more we could have done to help
you keep your appointment?

(11) Do you have any other comments regarding our study
of how to get women to keep their mammogram
appointments?

We tracked all data for the pilot either in an Access
database or in paper data collection forms. The database
included fields for a unique identifier for each patient, date
and time of attempted call(s) with outcome of each (reached,
not reached, left message, and bad number), barriers, and
systems barriers encountered during the session, such as the
patient was not aware they needed a doctor’s order to receive
a mammogram. We also included an open text field for the
patient navigator to record notes during the call. Data avail-
able from the mammography partner’s data system included
age, sponsored status (lack of insurance and ≤200% FPL),
site of screening, date and time of appointment, and contact
information including phone number. The research assistant
cleaned the data by comparing the Access database with the
paper forms and existing records from the mammography
partner. Any inconsistencies between the database and paper
formswere investigatedwith the site and patient navigator for
clarification. Data from both databases were combined into
one Access database and exported to Stata for analysis.

2.6. Data Analysis. We used Stata (Stata Corp., College Sta-
tion, TX, USA) for statistical analysis. We calculated descrip-
tive statistics and then conducted logistic regression analysis
to report attendance in the intervention group as compared
to the comparison group. Chi-square tests (and Fisher’s
exact tests when cell sizes were less than five) were used
to evaluate group differences between potential confound-
ing variables, including age, days between reminder calls,
mammography site (community versus clinical setting) and
appointment time, and the study stage (i.e., design change).
Both unadjusted and adjusted logistic regressionmodels were
fitted to determine intervention’s effectiveness in improving
mammography attendance. Factors in the adjusted model
included, besides group (intervention; control), mammogra-
phy site, age of patient, number of days between reminder
call and appointment, and navigator making the reminder
calls. Study stage (design) was not included in the model as
it was highly collinear with navigator as only one navigator
made calls during each phase. Following the basic analysis,
we further evaluated the effectiveness of the EBI using intent-
to-treat analysis [25–28]. In this study, we used intent-to-treat
analysis which considered the outcomes (appointment atten-
dance) for all women based on their group designation at the
time of phone call attempt (intervention or control) and not
just those who were reached and treated following protocol
by the patient navigator. Intent-to-treat analysis ignores devi-
ations in protocol, noncompliance, and anything that may
happen after group assignment [25–28].We conducted power
analysis using a two-tailed two-sample frequencies Fisher’s
exact test with 𝛼 = 0.05 and adjusted for unequal sample sizes
to evaluate ability to detect a difference between the groups.

3. Results

Figure 1 shows the CONSORT/TREND diagram with the
total number of enrolled patients per study stage (ran-
domization and sequential enrolment stage), those assigned,
allocated, exposed to the intervention, followed-up, and
analyzed, both in the basic effectiveness (𝑛 = 151) and
intent-to-treat analysis (𝑛 = 198). The intervention and
comparison groups were similar with regard to age and
number of days between reminder call and appointment as
shown in Table 1. The average and median age for patients
in both groups was 51 years (range: 36–64). The average and
median number of days between reminder call and patient
appointment was 3 days for both groups (range: 0–13 days).
No effect was observed for the study stage (design change)
(𝜒2 = 0.292). The groups were different in regard to the type
ofmammography site, with women in the intervention group
being screened in community settings more frequently than
the control group in both the basic analysis and intent-to-
treat analysis (see Table 1). The no-show rate for patients in
the comparison groupwas 44%.Theno-show rate for patients
in the intervention group was 19% meaning that the EBI in
this study led to a 57% reduction in the no-show rate in the
basic analysis (calculated as percent change).

3.1. Effectiveness Results. The unadjusted and adjusted results
are presented in Table 2. The unadjusted odds of a woman
in the intervention group attending her appointment was
3.38 times higher than for a woman in the control group
(𝑝 < 0.001) in the basic analysis. The adjusted odds of a
woman in the intervention group attending her appointment
were 3.88 as compared to the control group (𝑝 < 0.001). No
effect was found for the change in study design. In the intent-
to-treat analysis, the unadjusted odds of a woman attending
her appointment if she was in the intervention group were
1.84 (𝑝 < 0.05). The adjusted odds of a woman attending
her appointment in the intent-to-treat analysis were 2.31 as
compared with the control group (𝑝 < 0.05). With the no-
show rate of 44% observed in the comparison group, using a
two-tailed test and 𝛼 = 0.05, there was 87% power to detect a
change in the no-show rate to 19% in the intervention group
for this study in the basic analysis.

3.2. Implementation Results. We encountered a number of
systems barriers to implementation. These included the
following: confusion about responsibility for implementation
of usual care reminder calls; lack of clear communication
about the prerequisites of a doctor’s order and clinical exam
prior to screening; and inconsistent notification about costs
associated with screening.

Fourteen out of 96 (15%) patients in the intervention
group reported encountering systems barriers, including the
fact that they were unaware of their upcoming appoint-
ments, unaware of the need for a doctor’s order to obtain
a mammogram, and unaware of the out-of-pocket cost of
the mammogram. Additionally, some sites reported issues
with the mobile units going to the wrong location, sites being
cancelled with short notice due to mechanical issues (mobile
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Table 1: Descriptive statistics for patients in the control versus intervention groups.

Patient characteristics Basic analysis Intent-to-treat analysis
Intervention group 𝑛 (%) Usual care group 𝑛 (%) Intervention group 𝑛 (%) Usual care group 𝑛 (%)

Age group
35–39 5 (8%) 4 (5%) 8 (8%) 5 (5%)
40–49 25 (40%) 38 (43%) 38 (40%) 41 (41%)
50–64 33 (52%) 46 (52%) 49 (52%) 53 (54%)

𝜒2 = 0.8162, 𝑝 = 0.691∧ 𝜒2 = 0.8810, 𝑝 = 0.670∧

Mobile site
Clinic 36 (60%) 71 (81%) 49 (57%) 73 (74%)
Community 24 (40%) 17 (19%) 37 (43%) 26 (26%)

𝜒2 = 7.6191, 𝑝 = 0.006∗ 𝜒2 = 5.769, 𝑝 = 0.016∗

Days from call to appointment
0 4 (5%) 4 (4%) 8 (8%) 4 (4%)
1 25 (29%) 28 (26%) 36 (38%) 29 (28%)
2 12 (14%) 20 (19%) 18 (19%) 21 (21%)
3-4 33 (39%) 44 (41%) 15 (16%) 25 (25%)
≥5 11 (19%) 12 (11%) 19 (20%) 23 (23%)

𝜒2 = 2.9846, 𝑝 = 0.558∧ 𝜒2 = 4.948, 𝑝 = 0.298∧

Screening outcome
Attendance 51 (81%) 49 (56%) 70 (73%) 60 (59%)
Nonattendance 12 (19%) 39 (44%) 26 (27%) 41 (41%)

𝜒2 = 10.2484, 𝑝 = 0.001∗∗ 𝜒2 = 4.003, 𝑝 = 0.045∗
∗Statistically significant at 𝑝 < 0.05.
∗∗Statistically significant at 𝑝 = 0.001.
∧Fisher’s exact test used for 𝑝 value.
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Figure 1: Flow chart of patient enrolment, follow-up, and basic and intention-to-treat analyses.
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Table 2: Unadjusted and adjusted logistic regression results for mammography appointment attendance.

Crude OR (95% CI) Adjusted OR (95% CI)
Basic analysis

Group (control versus intervention) 3.38∗∗ (1.59–7.21) 3.88∗∗ (1.70–8.86)
Age 0.997 (0.95–1.04) 0.903 (0.492–1.66)
Days between call and appointment 1.001 (0.753–1.33) 1.11 (0.799–1.54)
Navigator 1.33 (0.875–2.01) 1.25 (0.773–2.04)
Mobile site 0.843 (0.397–1.79) 0.562 (0.241–1.31)

Intent-to-treat analysis
Group (control versus intervention) 1.84∗ (1.01–3.35) 2.31∗ (1.09–4.93)
Age 1.04 (0.642–1.68) 1.07 (0.637–1.78)
Days between call and appointment 1.03 (0.805–1.31) 1.11 (0.856–1.43)
Navigator 1.27 (0.872–1.84) 1.07 (0.684–1.67)
Mobile site 1.24 (0.665–2.33) 1.64 (0.831–3.25)

∗
𝑝 < 0.05.
∗∗
𝑝 < 0.001.

unit broke down ormammographymachine needed service),
and unclear communication about scheduling procedures,
such as how many patients could be seen and at what time
for scheduled mobile screening dates.

Of the 50 randomly selected intervention patients for
follow-up phone calls to assess patient perception of the
EBI 42 completed the interview (84%). In these calls, we
found that 34 patients remembered their reminder phone
call from the navigator (81%). The patients who remembered
their call and conversation reported positive interactionswith
her. They reported, for example, “She was warm, friendly,
helpful, sweet, supportive and sincere.” When asked if there
was something about the phone call from the navigator that
helped them to keep their appointment, 18 patients reported
positive impact, such as “The encouragement from her [the
navigator] went beyond a reminder call,” “she cared,” “put
me first,” “helped me overcome my misconceptions,” and “was
nice.” When asked how helpful they found the phone call,
all patients that remembered the conversation (𝑛 = 34)
rated it as 5 out of 5, except one patient who rated it 4 out
of 5. Finally, the patients who attended their appointment
were asked to share their thoughts of the reminder phone
call program. Patients reported that “It’s important. Catch it
(breast cancer) early to have a chance,” “They (women) need
to go and have it done!,” “Taking care of yourself is a major
point to bring up,” “It’s a wonderful program,” “It’s a must,”
and “I think it’s great that we are talking to women to let them
know that mammograms are important,” and recommended
“Usemedia andmarketing to reachwomenwithout insurance,”
“Transportation is a very big deal and would be a help. Maybe
find a church with a van that could help out,” “Spread the news
about breast health–put it in churches and schools. I was telling
people at my church about the mammography program and
they had never heard about it.”

Seven of the 42 patients we conducted follow-up calls
with did not attend their appointment. When asked if there
was anything we could have done to have helped them
keep their appointment, three reported they were sick on
their appointment day, three had last minute transportation

issues, and one reported that she did not have the money
for the copay. Due to the nature of the mobile program, in
many cases our patient navigator was not able to reschedule
patients directly if during the intervention call they indicated
a desire to change their appointment. Patients had to be
routed through the mobile program coordinators or the site
coordinators in the community in order to reschedule. This
meant a loss of continuity with the patient and in some cases
patients reported having difficulty reaching the coordinators
to reschedule.

4. Discussion

This study used a hybrid type 1 design to evaluate both
effectiveness of an adapted EBI in a practice setting and the
implementation process.The effectiveness of the adapted EBI
was 3.88 (adjusted OR) versus 2.10 (OR) for the original
program [21]. This is consistent with the findings of Barrera
Jr. et al., which systematically adapted EBIs improvement
program effectiveness when compared to a control reminder
[18]. The adapted EBI in this study reduced appointment no-
shows by 57 percent from baseline in the clinical practice and
would be suitable for scale-up.

Few published studies provide a detailed description
of EBI effectiveness with implementation outcomes in a
single study, particularly for cancer-specific EBIs [19, 20, 23].
The “Communicating Health Options Through Information
and Cancer Education” (CHOICE), “Improving Systems for
CRC Screening at Harvard Vanguard Medical Associates”
(HVMA), and “Improving CRC Screening and Follow-up
in the Veterans Health Administration” (VHA) programs all
considered implementation context during their evaluations
[20].These studies encountered some of the same implemen-
tation barriers and facilitators we found in this study [20].
We found that monitoring of implementation was valuable
and that the study approach needed flexibility to deal with
evolving implementation issues, such as the lack of consistent
standard care reminder calls and the navigator struggling
with the simultaneous implementation of the control and



BioMed Research International 7

intervention process. This was consistent with the recom-
mendations from the Cool Pool trial where they noted
that continuous monitoring of implementation was critical.
Other authors have also noted the importance of continuous
monitoring of implementation [20]. Additionally, the ability
to identify and measure all implementation issues at the
beginning of a study is limited and has been noted as a barrier
in previous studies [20]. For example, in this study, we did not
know prior to implementationmonitoring whether reminder
calls were implemented consistently. Implementation issues
like these are likely to arise only once monitoring begins and
may also appear over time, requiring subsequent intervention
or changes in protocol to address them.

Our findings further highlight themes from previous
studies which have noted that the predominant research
paradigm of sequentially measuring EBI efficacy and effec-
tiveness, followed by implementation studies, may bemissing
important contextual information [7, 23, 29].We were able to
find and correct problems with implementation based on the
results of our process evaluation which we monitored con-
tinuously throughout the study. The process evaluation also
allowed us to find problemswith fidelity early in the study and
correct them.The major correction was to change the design
so that the navigator did not have to conduct two different
interventions in the same period of time.We also added plans
for an intent-to-treat analysis to increase our confidence in
the validity of our results. After an unsuccessful attempt to
train the original navigator to adhere to protocol, we replaced
the navigator and conducted repeated trainings and moni-
toring of calls more frequently with the new navigator. This
monitoring process may have contributed to the increased
effectiveness of the EBI that we observed in this study in
addition to the systematic adaptations made to the EBI.

4.1. Strengths and Weaknesses of the Study. This study has
a number of strengths and limitations which should be
considered. This study is one of only a very few studies
to evaluate both EBI effectiveness and implementation in
a community context and provides critical insights for the
future translation of EBIs, particularly for mammography
interventions. A major strength of this study was using a
systematic process for adapting an EBI [11]. The process
included working in a research-community partnership with
an advisory board comprised of researchers and practition-
ers who worked together to perform a community needs
assessment, select an EBI, adapt the EBI based on the needs
assessment, pretest it, implement it, and evaluate it [13].

A number of limitations must also be considered for
this practice-based evaluation study. First, this study was
conducted in a mobile mammography practice and the
findings may not be generalizable to other implementation
contexts. Best practice indicates that anytime an intervention
is being considered for a new population or context, that
needs assessment and evaluation is needed (see Introduction
and Highfield et al., 2014 [13]). Our findings show that by
retaining core elements of an intervention, such as stage-
based telephone counseling on barriers for mammography
appointments that effectiveness can be maintained or even
improved in a new population. We have no reason to believe

this would not be the case when extending our intervention
into a broader population context. For instance, many of
the barriers to mammography screening we found among
African American women are complementary to barriers to
screening faced by all underservedwomen [30].Themost sig-
nificantweakness of this studywas our initial inability to train
the navigator to keep the control and adapted intervention
groups separate in the first study design.However, the process
evaluation in this study enabled us to correct the behavior of
the navigator and redesign the study from a RCT to a quasi-
experimental design that we expected would bemore feasible
in practice. In the quasi-experimental design, we enrolled 47
patients in the intervention.Themain threats to validity from
this type of enrollment were selection bias, where patients
reached during the sequential enrollment time period may
not have been representative of the larger patient population
in the clinic. We dealt with this validity threat by comparing
patient demographics between the randomized and sequen-
tial design process, by including a design change variable in
the regression analysis and by conducting an intent-to-treat
analysis, which is useful for dealing with deviations in proto-
col. Also, even though this study lacked a true nonintervened
group, the baseline no-show rate of 38% serves as a proxy
control group since reminder calls were made only rarely.
Additionally, the effect of using a control group receiving
standard reminder calls as opposed to a true no-contact
control group could have downward biased the results of the
study. In other words, this may have made it harder to find an
intervention effect in our study. Our control and intervention
groups in both the basic analysis and intent-to-treat analysis
differed in where they received their screening, with women
in the intervention group being more likely to be screened
in a community as opposed to a clinical setting. However, all
women in the study were required to have a doctor’s order to
obtain screening and the differences were consistent in both
the basic analysis and intent-to-treat analysis, so we believe
the effect would beminimal on the results. Further, no signifi-
cant differencewas observed in the regressionmodel between
screening sites when controlling for other factors. Finally,
we evaluated the EBI using patient data available from the
clinical provider in this study.Theremay have been important
factors such as educational level and occupation which we
were not able to evaluate due to a lack of data availability
from the provider. While these factors may be important,
it is important to note that these are nonmodifiable factors
and have been shown to have limited value when designing
and evaluating EBI programs [30]. Lastly, women enrolled
in our study were low-income and uninsured, two factors
that generally correlate with education and occupation, so
whilewe did notmeasure those directly, we believe their effect
would have been minimal on the outcomes.

4.2. Lessons Learned. Interventions are rarely implemented
with complete fidelity and in this study the navigator strug-
gled to implement either intervention protocol, but especially
the usual care group with fidelity. The navigator stated that
she wanted to help all women attend their appointment and
seemed not to be able to adhere to protocol. Even when
we hired a second navigator, protocol adherence continued
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to be somewhat difficult. We believe the important learning
from this is about staffing in a research study versus staffing
in a clinical or other professional setting. In the original
evaluation of an EBI in a research setting, research assis-
tants (usually students) do not have a particularly strong
professional identity or habitual way of doing tasks closely
approximating the research protocol. In contrast, in a practice
implementation, new protocol driven tasks are given to
professional care providers whomay be unable to divert from
their normal practice. It is important for future researchers to
consider issues of fidelity when adapting, training, monitor-
ing, and measuring EBIs in community contexts.

Additionally, best practice indicates the need for EBI
testing in new contexts (e.g., effectiveness testing in the new
setting) [11, 31]; however measuring and addressing context
specific implementation issues remain challenging [32–34].
Currently, there is a lack of standardized and validated
measures that can be used to assess implementation [35].
Additionally, studies have noted the need for multilevel
interventions that consider implementation context; however
there currently is no packaged approach to implementation
available in the published literature [36]. Future studies
should consider creating a packaged implementation inter-
vention which could be tested and evaluated in the context of
EBI implementation in the community.

5. Conclusion

This study provides an example of the real-world implemen-
tation of an adapted EBI. It demonstrates best practice for
adaptation and evaluation of an EBI using a hybrid type 1
design and can be used for a model of blending research and
practice to increase the uptake of EBIs and to make sure that
they show effectiveness in new settings.
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