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The eleven articles featured in this issue are grouped into 3
categories based on their topic: (a) complications of obesity,
(b) biological effects of physical activity/exercise training
on body composition and health related factors, and (c)
behavioural aspects related to physical activity and exercise.

To highlight some of the findings and with regards
to the first topic, M. J. Duncan and M. Stanley report
that the functional movement score is negatively correlated
with BMI in 10-11-year-old British children. The authors
concluded “Scientists and practitioners . . . need to consider
interventions which will develop functional movement skills
alongside physical activity and weight management strategies
in children in order to reduce the risks of orthopaedic
abnormality arising from suboptimal movement patterns in
later life”. The paper from E. Aadland and L. Robertson
focuses on the understudied subject of physical activity on
severely obese individuals. It is somewhat surprising that this
population, that could benefit a lot from being physically
active, does not yet have a specific set of guidelines. The
data from this study shows that physical activity is mostly
associated with weight change in men while it was mostly
associated with changes in cardiorespiratory fitness (CRF)
in women. The study by D. M. Baur et al. was designed
to describe the CRF levels of professionally active career
firefighters across different age groups with the objective
to determine effect modification by physical activity and
BMI levels. Their original results confirm that CRF in career
firefighters is significantly reduced with increasing age and
clearly show for the first time in this population that the
age-related decline in CRF is highly dependent on BMI

and physical activity habits. For older adults with knee
osteoathritis (OA), knee pain is associated with difficulty in
walking, while obesity is also associated with difficulty in
walking and low levels of physical activity and is a primary
risk factor for knee OA. D. K. White et al. put these two
factors together in order to examine the association of obesity
with walking independent of knee pain in a large sample
of participants with or at risk for knee OA. Their findings
are very interesting suggesting that obesity has an important
association with low levels of walking in people with or at
high risk of knee OA independent of knee pain.

With regards to topic (b) of this special issue, N. Parekh
and colleagues using data from over 15,000 people in the
Third National Health and Examination Survey (1986–2006,
USA) studied the longitudinal association between leisure-
time physical activity and overall cancer mortality. The
authors conclude that regular vigorous activity (>6 METS)
may reduce the risk of cancer mortality in persons with
normal glucose metabolism. Although the authors are not
able to elaborate on the mechanism based on this data,
the take-home message is that vigorous physical activity
may protect from cancer mortality. N. Mirza and colleagues
demonstrate that among obese Latino children living in
Washington D.C., USA, those who performed 60 minutes
of moderate-to-vigorous physical activity per day had lower
odds of displaying insulin resistance than those who did
not meet this physical activity guideline highlighting the
importance of physical activity for obese children from
this minority ethnic group. K. Dipla and her colleagues
provide an informative review discussing the influence of
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acute bouts of exercise and exercise training on blood
pressure control in obese children and adults. Their review
focuses in particular on the mechanisms by which exercise
can influence autonomic nervous system control of blood
pressure. The study by Heydari et al. examined the effect of
a 12-week high-intensity, intermittent exercise intervention
(3 times/week, 20 min per session) in overweight males, who
were assigned to either an intervention or control group.
Aerobic power was improved and total, abdominal, and
visceral fat were reduced in the intervention group but not
in the control group. Despite these beneficial adaptations
to training no changes occurred in the levels of insulin,
blood lipids, and HOMA-IR. R. E. Lee et al. examined
the relationship between sitting time and “cardiometabolic”
risk factors in overweight African American women. They
observed a positive association between sitting time and
blood glucose but an inverse association between sitting
time and blood cholesterol suggesting the need for further
research to clarify the potential risks of sedentary behaviour
in overweight African American women and in other groups.

Although the health benefits of increased physical activ-
ity, especially of high-intensity exercise, are widely under-
stood it is interesting to note that overweight and obese
individuals often avoid participating in vigorous exercise.
Participant attitude is the main focus of the studies which
belong to topic (c) of this special issue. To investigate the
attitudes of overweight and obese people towards exercise, C.
W. Hall et al. studied a group of overweight/obese individuals
(age 26–50 y) who were asked to walk at a moderate intensity
of 60% of peak aerobic power (VO2 peak), an exercise
intensity considered to be cardioprotective, for 30 min.
The self-selected intensity corresponded to about 54% of
VO2 peak and this was lower than the predetermined one
suggesting that overweight/obese individuals might prefer
this metabolic rate to exercise. Interestingly, men walked at
a lower percentage of VO2 peak than women, suggesting that
exercise prescription should consider not only the physiolog-
ical but also the psychological characteristics and responses
of overweight and obese individuals. While much of the
literature focuses on the social and environmental barriers to
physical activity less is known about the individual barriers.
Fox et al. and colleagues using data from a survey from a
low-income minority community in the USA concluded that
individual barriers correlated with lower physical activity
levels.

The collective take home message of the studies presented
in this issue is that structured physical activity that meets the
recommendations and is intensive enough to improve aer-
obic fitness can improve some health risk factors including
body composition and blood pressure. The use of vigorous
exercise is a promising health promotion tool although it is
associated with practical issues like compliance, especially in
untrained and clinical populations. It seems also that regular
vigorous activity has the potential to reduce the risk of
cancer mortality among persons with normal insulin-glucose
metabolism at least for certain populations. Perceptions and
other barriers may prevent some people from adopting
vigorous exercise and this should be taken into account by
policy makers.
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Background. East Harlem is an epicenter of the intertwining epidemics of obesity and diabetes in New York. Physical activity is
thought to prevent and control a number of chronic illnesses, including diabetes, both independently and through weight control.
Using data from a survey collected on adult (age 18+) residents of East Harlem, this study evaluated whether perceptions of
safety and community-identified barriers were associated with lower levels of physical activity in a diverse sample. Methods. We
surveyed 300 adults in a 2-census tract area of East Harlem and took measurements of height and weight. Physical activity was
measured in two ways: respondents were classified as having met the weekly recommended target of 2.5 hours of moderate physical
activity (walking) per week (or not) and reporting having engaged in at least one recreational physical activity (or not). Perceived
barriers were assessed through five items developed by a community advisory board and perceptions of neighborhood safety
were measured through an adapted 7-item scale. Two multivariate logistic regression models with perceived barriers and concerns
about neighborhood safety were modeled separately as predictors of engaging in recommended levels of exercise and recreational
physical activity, controlling for respondent weight and sociodemographic characteristics. Results. The most commonly reported
perceived barriers to physical activity identified by nearly half of the sample were being too tired or having little energy followed
by pain with exertion and lack of time. Multivariate regression found that individuals who endorsed a greater number of perceived
barriers were less likely to report having met their weekly recommended levels of physical activity and less likely to engage in
recreational physical activity controlling for covariates. Concerns about neighborhood safety, though prevalent, were not associated
with physical activity levels. Conclusions. Although safety concerns were prevalent in this low-income, minority community, it was
individual barriers that correlated with lower physical activity levels.

1. Introduction

Diabetes prevalence for Blacks and Latinos in the US are
nearly double that of Whites (11% of Blacks, 10% of Mexican
Americans, and 5% of Whites have diabetes) and Blacks and
Latinos have higher obesity prevalence than Whites [1, 2].
Physical activity is proven to help prevent and control dia-
betes, both independently, and through weight control [3].

East Harlem, New York is a predominantly low-income,
Black and Latino community at the epicenter of the inter-
twined epidemics of obesity and diabetes. East Harlem has
the highest prevalence of obesity and the highest diabetes
mortality rate in New York City and its residents have
insufficient resources to cope with the myriad of environ-
mental, social, nutritional, and stress-related forces that fuel

these epidemics [4]. The built environment is believed to
play a large role in generating health disparities by creating
differential opportunities to engage in recreational physi-
cal activity, resulting in “obesogenic environments” [5–7].
Neighborhood safety and aesthetics including maintenance,
cleanliness, and open space have been shown to influence
the utilization of space for both recreational and routine
physical activity [8–10]. Perceptions of neighborhood safety
may be particularly salient among those residents in lower-
income urban settings, where crime is more prevalent [11].
Indeed, surveys find that racial/ethnic minorities and those
of lower socioeconomic status are the most likely to rate
their neighborhoods as unsafe [12]. However, research to
date on the relationship between perceived neighborhood
safety and physical activity levels has generated mixed results,
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with many studies finding no relation [13]. Indeed, in low-
income neighborhoods with limited personal transportation
options, routine physical activity like walking may be a
necessity of life in spite of safety concerns and is the least
expensive, most accessible, proven effective form of physical
activity.

In addition to perceived safety, other perceived barri-
ers might also influence physical activity levels. Research
in a variety of communities including older adults [14],
high school, [15] and college students [16] have assessed
the degree to which perceived barriers act as cognitive
constraints on physical activity behavior. A handful of
studies have assessed perceived barriers in racial and
ethnically diverse samples. For instance, in a study of
diverse rural older women, endorsing more personal barriers
was negatively associated with physical activity [17] and
perceived physical environmental sets of variables were
significant predictors of physical activity in a similar study
[18, 19].

Few quantitative studies have assessed the relationship
between perceived and physical activity levels in predom-
inately African American and Hispanic communities [20],
but qualitative research on African American women’s
attitudes towards physical activity suggests specific barriers
that may differ from white populations. For instance, feelings
about their physical appearance during physical activities
and issues related to personal care after activities have
been identified as factors that influence African American’s
attitudes toward physical activity (i.e., not wanting to mess
up ones hair by sweating) [21–24]. A positive body image
despite their actual weight may also lower African American
women’s desire to engage in physical activity for weight loss
[25]. One qualitative study of physical activity in Latina
women in North Carolina found that gender roles, support
from family/husband, child care issues, language, and iso-
lation in the community served as barriers to engaging in
physical activity [26]. Few quantitative studies have assessed
perceived barriers in predominately Hispanic populations
with many first-generation immigrants such as East Harlem
[27, 28]. Few, if any, studies have assessed perceived barriers
in low-income men.

Using community-based participatory research methods
this study evaluated perceived safety and other perceived
barriers to physical activity with self-reported data from a 2-
census tract area of East Harlem, New York. In 2007, a new
coalition, “Communities IMPACT (Inspired and Motivated
to Prevent And ConTrol) Diabetes” formed. This Centers
for Disease Control and Prevention (CDC)-funded Center
aimed to use community-based participatory approaches
to implement and disseminate interventions that build on
local community resources and comprehensively combat
the rising tide of diabetes and diabetes-related disparities.
IMPACT leaders organized a community-academic taskforce
to identify specific elements of the community, built, social,
and medical environments that may be altered to foster
improved diabetes prevention and control as described
elsewhere [29, 30].

As suggested by partners during the grant-writing phase
of the partnership, they selected a subneighborhood (two

census tracts) within East Harlem (known as the Sector of
Excellence to Eliminate Disparities, or “SEED”) for intensive
focus. The taskforce reasoned that local concentrated efforts
could harness disparate local resources and bring together
diverse clinical, community, service, and religious leaders to
take action. After discussing many potential interventions
to enhance physical activity, healthy eating, and diabetes
detection, prevention, and management, they decided they
first needed to better understand local barriers to preventing
and controlling diabetes. To achieve this goal, the partnership
surveyed local community residents to gain insight into
the ways characteristics of the neighborhood, particularly
safety and perceived barriers, influence physical activity
levels.

2. Methods

2.1. Survey Sample. An evaluation subcommittee of the task-
force, with community and academic members, developed,
piloted, and conducted the survey to assess sociodemo-
graphics, medical history, diabetes risk perception, physical
activity, diet and weight, community resources, and diabetes
knowledge and to gather anthropometric measures of weight
and height from willing participants. Sociodemographic data
was designed to be comparable to the data for these same 2
census tracts in the 2000 Census. Inclusion criteria consisted
of living in the SEED, age 18 and older, and the ability to
speak either English or Spanish.

In contrast with population surveys generated from
random digit dialing that may undersample hard to reach
lower-income residents, recruitment for the community
member survey took place on the sidewalk via street
intercept. Potential survey sites were selected based on the
following criteria: (1) publicly accessible building or space or
permission to use space obtained from building supervisor;
(2) space for a semiprivate interview. At each selected site,
interviewers approached individuals who appeared to be
adults over the age of 18 in front of the venue and invited
them to participate. We recruited and surveyed 300 willing
residents of the SEED who consented to participate in
the survey. Nine participants were excluded as they did
not have full data to assess residency within the SEED
area, thus, data for 291 individuals were included in the
study.

The final sample was predominately female (62.7%),
Latino (56.0%), and low income (<15,000/year) (63.0%).
Nearly 70% of the sample was overweight or obese. The
samples’ sociodemographic characteristics are summarized
in Table 1.

2.2. Measurements

2.2.1. Dependent Variable. Physical activity and diet are
notoriously difficult to measure via self-report with no true
gold standard. As such, we chose to limit the respondent
burden in these areas and target our queries towards
items most likely to provide the community coalition with
targets for intervention. Physical activity was measured
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Table 1: Sociodemographic characteristics of the survey respon-
dents.

Demographics % (N)

Female 62.8% (182)

Mean age (years), sd 42.6 ± 16.7

18–24 17.6% (51)

25–34 19.0% (55)

35–44 19.0% (55)

45–54 19.0% (55)

55–64 12.8% (37)

65+ 12.8% (37)

Race

Black/African American 30.8% (90)

Latino 55.8% (162)

White 11.7% (34)

Other 1.7% (5)

Acculturation

Born in US 58.1% (169)

Speaks mainly English at home 63.6% (185)

Speaks mainly Spanish at home 34.7% (101)

Speaks other language at home 1.7% (5)

Education

Less than 8th grade 12.7% (30)

Less than high school 25.3% (60)

High school/GED 39.2% (93)

At least some college 22.4% (53)

Low income (<$15,0000/year) 62.9% (132)

Weight

Overweight (BMI 25–29.9) 29.0% (79)

Obese (BMI 30+) 40.0% (108)

Overweight or Obese (BMI 25+) 69.0% (187)

using 4 self-report items assessing average daily and weekly
walking time and recreational activities modified from
the International Physical Activity Questionnaire (IPAQ)
[31]. To capture both routine physical activity and physical
activity specifically for recreation, we generated and assessed
two separate dichotomous outcome variables. First, we
divided respondents between those who met the CDC’s
recommendation of engaging in at least 2.5 hours per week
of moderate physical activity (see: http://www.cdc.gov/
physicalactivity/everyone/guidelines/adults.html), in this
case, those who reported walking for at least 2.5 hours
per week or approximately 20 minutes a day and those
who did not meet this standard. Second, to capture
recreational physical activity, we asked respondents “What
do you like to do to be physically active?” For respondents
reporting a physical activity other than walking (specifically
running/jogging, bicycling, playing a team sport and going
to the gym), we coded them as engaging in a leisure time
physical activity. Respondents could choose more than one
category, but respondents were coded according to whether
they participated in a leisure time physical activity at all, not
according to how many.

2.2.2. Perceived Safety and Barriers to Physical Activity. Six-
item dichotomous measures of perceived barriers to physical
activity were developed with input from the community
coalition concerning perceptions of barriers to physical
activity believed to be widely held within the community and
are summarized in Table 4. Respondents were asked whether
or not they agreed with each of the six barriers (Yes/No). The
barriers were then summed to create a composite measure of
the number of barriers endorsed. In addition, a battery of six
items was asked about perceptions of neighborhood safety
in relation to neighborhood social capital. This measure was
adapted from a measure used in a previous study of perceived
neighborhood safety and physical activity [11]. Respondents
were asked to rate how safe from crime they considered
their neighborhood to be and to rate how safe they feel
in a series of locations and situations (e.g., walking alone
on a street in your neighborhood at night/day; taking the
public bus during the night/day) using a 4-point likert scale.
We generated a composite measure of neighborhood safety
by dichotomizing the individual questions into generally
perceived safe/unsafe categories and then summing the
results.

2.2.3. Controls. Because one’s excessive weight can affect
perceptions of barriers to physical activity including pain
with exertion [32], we controlled for participants current
body mass index (coded as overweight or obese from our
anthropometric measures of height and weight). In addition,
current weight-loss efforts were measured using self-report
including whether individuals were using physical activity or
exercise to lose weight or maintain their current weight. We
controlled for a variety of additional demographic factors:
sex, age, race/ethnicity, education, and acculturation (if
respondents speak Spanish at home and if they were born
in the US).

2.3. Analysis. Two multivariate logistic regression models
with perceived barriers and concerns about neighborhood
safety were modeled separately as predictors of engaging
in recommended levels of exercise and recreational physical
activity, controlling for respondent weight and sociodemo-
graphic characteristics. We first modeled the relationship
between the number of perceived barriers to physical
activity and reported physical activity levels (time spent
walking and participation in recreational physical activity
apart from walking), controlling for overweight/obese, age,
race/ethnicity, gender, acculturation, and whether or not
individuals were trying to lose weight. We then ran the
same model with neighborhood safety as the main predictor
variable. We stratified the analysis by race/ethnicity and
gender to detect group specific differences.

3. Results

With regards to self-reported physical activity, at a median
of 7 hours per week or about 1 hour per day, respondents
to the survey reported walking a great deal. The over-
whelming majority of the sample (80.0%) met the weekly
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Table 2: Physical activity (self-report).

Hours per week spent walking 7.0 (median), 12.5 (sd)

Hours per week spent walking (men) 14.0 (median), 10.8 (sd)

Hours per week spent walking (women) 5.25 (median), 14.2 (sd)

% meeting recommendation of 2.5 hrs of moderate physical activity/wk 80.0% (89.0% men, 75.0% women)

Physical Activity (what things do you like to do to be physically active?)

% reporting some physical activity apart from walking 72.0% (80.0% male, 67.0% female)

% walking 65.2%

% cycling 20.6%

% sports 17.9%

% dance 14.1%

% going to the gym 13.4%

% running 11.7%

recommendation of at least 2.5 hours of moderate intensity
exercise, 88.0% of men and 75.0% of women. In regards
to recreational physical activity, walking was also the most
commonly reported physical activity that respondents liked
to do to be physically active (65.2%). Apart from walking,
72.0% of the sample reported engaging in at least one
other form of recreational physical activity including cycling
(20.6%), playing sports (17.9%), dancing (14.1%), going to
the gym (13.4%), and running (11.7%) (Table 2).

While there were many self-reported barriers to physical
activity, the most commonly reported was being too tired or
having little energy (45%). Pain with exercise (35%), lack of
time (30%), dislike of exercise (30%), and difficulty being
active (28%) were also commonly identified barriers. Lack of
safe spaces for exercise was a relatively less commonly cited
barrier, reported by only 20% of the sample, despite nearly
half those surveyed (45%) considering the neighborhood to
be somewhat or very unsafe (Table 3).

Multivariate regression of perceived barriers found that
reporting a greater number of perceived barriers was asso-
ciated with a lower odds of meeting the weekly recommen-
dation of 2.5 hours of moderate exercise (OR = 0.72, P <
0.01). Additionally, individuals who perceived more barriers
to physical activity were less likely to report engaging in some
form of recreational physical activity other than walking
(OR = 0.72, P < 0.01). Perceived safety of the neighborhood,
on the other hand, was not associated with significantly lower
amounts of time spent walking or engaging in recreational
physical activity (Table 4). Men spent more time walking
and were more likely to engage in leisure time physical
activity compared with women, although safety concerns
were not a significant barrier to physical activity for either
men or women (analysis not shown). Overall, stratified
analysis between men and women and Hispanic and Black
participants did not affect the direction or significance of the
results (analysis not shown).

4. Discussion

In disadvantaged neighborhoods such as East Harlem,
characteristics of the built and social environment, such as
perceived safety, are often suggested as the greatest obstacles

to increasing physical activity [5–13]. Our results did not
support the supposition that concerns about safety serve as a
primary barrier to recreational and routine physical activity.
Nearly half of the sample perceived their neighborhood as
very or somewhat unsafe. Yet, safety concerns were reported
as serving as a barrier to physical activity by only 20% of the
sample and believing your neighborhood was unsafe was not
associated with physical activity levels. The most commonly
reported barriers to physical activity identified by nearly half
of the sample were motivational—being too tired or having
little energy. Lack of time and pain with exertion were also
commonly cited barriers and multivariate regression found
that endorsing a greater number of individual barriers was
associated with reduced time spent walking and engaging in
physical activity for sport controlling for covariates.

This finding contrasts with other studies that have found
support for the role of perceptions of neighborhood safety
in predicting physical activity levels. A study from Boston,
for instance, that used a similar measure of perceived neigh-
borhood safety found that female residents of neighborhoods
with lower perceived safety at night walked less than similar
women in neighborhoods perceived as safer [11]. The effect
was only found for women and not for men [11]. Other
studies have found mixed results with regards to the role of
safety in reducing physical activity levels. Some studies have
found a significant inverse association between perceived
neighborhood safety and physical activity levels [33–41], but
others have found no significant association [42–52].

Another striking finding from this study was the percent
of individuals that met the recommendation for moderate-
intensity exercise of 2.5 hrs/wk: 80% of the sample met
this recommendation through walking alone. Moreover, the
median of 7 hours per week of walking was well above the
recommended amount and translates into an hour a day
of moderate intensity exercise. This contrasts with studies
from other parts of the country finding low levels of physical
activity in predominately Latino communities. For instance,
a study of Latina women in Chicago found much lower
rates of physical activity, with only 36% meeting current
recommendations for moderate or vigorous physical activity
[27]. Although it is possible that respondents exaggerated
the actual amount of walking per day, it is also plausible
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Table 3: Perceived barriers to physical activity and neighborhood safety.

Perceived Barriers % Responded yes

You are too tired or do not have the energy 44.5

It hurts to exercise 34.5

You do not have the time 30.4

You do not like exercising 30.0

It is difficult to be physically active 28.0

You do not have a safe place to exercise 20.3

Mean number of perceived barriers to exercise 2

Neighborhood safety % Reporting very or somewhat unsafe

How safe from crime do you consider your neighborhood to be? 45.3

Please rate how safe you feel in each of the following locations or situations:

Walking alone on a street in your neighborhood at night 41.3

Taking the train/subway at night 46.9

Taking the public bus at night 35.5

In a park or playground during the day 17.5

Taking the train/subway during the day 11.6

Taking the public bus during the day 3.5

Table 4: Perceived barriers and safety concerns and engagement in routine and recreational physical activity.

Variables
(1) (2) (1) (2)

Walk 2.5 hrs/wk Walk 2.5 hrs/wk Engage in recreational PA Engage in recreational PA

Perceived PA barriers (count) 0.72∗∗∗ (0.087) 0.72∗∗∗ (0.078)

Perceived neighborhood safety 0.99 (0.096) 1.01 (0.089)

Normal/under weight 0 0 0 0

Overweight 0.58 (0.293) 0.77 (0.402) 1.46 (0.652) 1.83 (0.865)

Obese 1.18 (0.615) 1.28 (0.700) 0.70 (0.307) 0.88 (0.413)

Age 18–35 0 0 0 0

Age 36–55 1.01 (0.016) 1.01 (0.016) 1.02 (0.015) 1.01 (0.015)

Age 56–85 0.72 (0.328) 0.75 (0.358) 0.66 (0.269) 0.54 (0.241)

Male 2.34∗ (1.056) 2.04 (0.919) 2.27∗∗ (0.874) 2.73∗∗ (1.110)

Education (high school degree+) 0.81 (0.134) 0.94 (0.160) 1.28 (0.205) 1.51∗∗ (0.265)

Race/ethnicity—other 0 0 0 0

Race/ethnicity black 0.71 (0.451) 1.08 (0.642) 0.91 (0.549) 1.06 (0.640)

Race/ethnicity—hispanic 1.43 (0.908) 2.34 (1.443) 0.74 (0.445) 0.80 (0.477)

Speak Spanish at home 0.60 (0.356) 0.64 (0.378) 1.23 (0.633) 1.06 (0.563)

US born 1.27 (0.702) 1.31 (0.707) 1.19 (0.593) 0.97 (0.493)

Trying to lose weight 0.56 (0.234) 0.42∗ (0.195) 1.86 (0.725) 1.69 (0.707)

Constant 15.22∗∗ (16.787) 3.56 (3.698) 1.45 (1.426) 0.49 (0.486)

Observations 248 221 251 224

Standard error in parentheses
∗∗∗P < 0.01, ∗∗P < 0.05, ∗P < 0.1.

that low-income areas of New York are more walkable than
low-income areas in other cities. Alternatively, respondents,
particularly men, may have active jobs that require a great
deal of walking. In addition to walking, 72.0% of the sample
reported engaging in some other form of physical activity
including team sports, cycling, dancing, running, and going
to the gym.

Collectively, these findings contradict typical expecta-
tions regarding the need for unique interventions in socially
deprived neighborhoods like East Harlem and provides a rich

foundation to launch community-based interventions that
focus on addressing motivational barriers. In the face of these
cognitive barriers, changes to the built environment may go
unexploited to physical activity. Given the strong preference
for walking, these findings suggest that community-level
efforts need to support ways for building activity into daily
routines so they are not perceived as adding time to the
day and requiring tremendous new sources of energy and
motivation. For example, rather than designing a walking
path or indoor walking trail in a random location in
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the neighborhood, efforts may be more successful if that
path is mapped along a highly used route such as from
a central or high traffic bus stop to a housing project
or to a supermarket. Furthermore, markers of distance or
calories expended could be added to reinforce a sense of
accomplishment to community residents as they walk these
routes and to encourage more frequent use of them. In
addition, efforts should be made to reinforce the notion
that engaging in regular, routine exercise can increase energy
levels and reduce fatigue.

Although routine exercise was prevalent, so was over-
weight/obesity. Nearly 70% of the sample was either over-
weight or obese based on our anthropometric measures. This
suggests that routine exercise, even in high dosages, may not
be adequate to stave off obesity in the absence of changes in
the food environment.

Despite the rich data afforded by this unique community
resident assessment, several limitations should be noted.
Although substantial efforts were made to replicate a random
sample through random selection of pre-selected block faces
where recruitment was most feasible, the final sample was
ultimately a convenience sample of willing residents that may
not be representative of the community as a whole. The
use of self-reported physical activity behaviors is inherently
subject to significant recall and social desirability biases. The
generalizability and comparability of results from this survey
are limited by the design, which focused on a single, dis-
advantaged neighborhood. The findings with regards to the
role of perceptions of safety and barriers to physical activity,
therefore, pertain to differences among individuals within a
single neighborhood rather than between neighborhoods.

5. Conclusions

The objective of this study was to assess levels and types of
physical activity in an area with high rates of obesity and
diabetes and to analyze determinants of physical activity. East
Harlem is an active community, though one with high rates
of obesity. Although safety concerns are often believed to
deter physical activity in low-income, urban settings we did
find this in East Harlem. Rather, more quotidian concerns
were associated with lower physical activity levels.
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To determine the effect of a 12-week high intensity intermittent exercise (HIIE) intervention on total body, abdominal, trunk,
visceral fat mass, and fat free mass of young overweight males. Participants were randomly assigned to either exercise or control
group. The intervention group received HIIE three times per week, 20 min per session, for 12 weeks. Aerobic power improved
significantly (P < 0.001) by 15% for the exercising group. Exercisers compared to controls experienced significant weight loss
of 1.5 kg (P < 0.005) and a significant reduction in total fat mass of 2 kg (P < 0.001). Abdominal and trunk adiposity was also
significantly reduced in the exercising group by 0.1 kg (P < 0.05) and 1.5 kg (P < 0.001). Also the exercise group had a significant
(P < 0.01) 17% reduction in visceral fat after 12 weeks of HIIE, whereas waist circumference was significantly decreased by week
six (P < 0.001). Fat free mass was significantly increased (P < 0.05) in the exercising group by 0.4 kg for the leg and 0.7 kg for the
trunk. No significant change (P > 0.05) occurred in levels of insulin, HOMA-IR, and blood lipids. Twelve weeks of HIIE resulted
in significant reductions in total, abdominal, trunk, and visceral fat and significant increases in fat free mass and aerobic power.

1. Introduction

Obesity levels continue to increase in both developed and
developing countries [1]. As being overweight is associated
with numerous health problems, effective fat loss strategies
are required [2]. Although dieting has been the major fat
loss method, aerobic exercise programs have been shown to
increase cardiorespiratory fitness [3] and preserve fat-free
mass [4]. Most aerobic exercise interventions have consisted
of moderate-intensity steady-state exercise, for about 30 to
40 min for 3 to 4 days per week, over a four- to six-month
period. Disappointingly, these kinds of exercise programs
have resulted in minimal fat loss [5, 6].

In contrast, high-intensity intermittent exercise (HIIE)
has been shown to result in greater fat loss [7]. For example,
Trapp et al. [8] conducted a HIIE program in young women
for 15 weeks with three 20 min sessions per week. HIIE con-
sisted of an 8 s sprint followed by 12 s of low intensity cycling,
repeated for 20 min. Another group of women carried out
an aerobic cycling protocol for 40 min each session. Results

showed that women in the HIIE group lost 2.5 kg of subcuta-
neous fat, whereas no change occurred with steady state aer-
obic exercise. Fat loss accruing through 15 weeks of HIIE was
attained with 50% less exercise time commitment and a simi-
lar energy expenditure to that of steady-state exercise. Impor-
tantly, the women in this study also showed a significant
0.6 kg increase in fat-free mass (FFM) after HIIE, whereas
FFM of the steady state exercise group was unchanged. The
lack of increase in FFM accompanying steady-state exercise is
in agreement with prior research in this area [9].

With regard to abdominal fat, 15 weeks of HIIE led to
a 0.15 kg reduction of fat in previously untrained young
women [8]. As women in this study possessed moderate lev-
els of abdominal fat it is feasible that the greater abdominal,
trunk, and visceral fat of men may show greater reductions
after exposure to HIIE. For example, Boudou et al. [10] stud-
ied older type 2 diabetic males and found that after 8 weeks of
HIIE, abdominal adiposity was decreased by 44%. Whether
regular HIIE will also reduce the abdominal and visceral fat
of young nondiabetic but overweight males is undetermined.
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Therefore, the purpose of this study was to examine the
effects of 20 min bouts of HIIE, repeated three times weekly
for 12 weeks, on body composition of overweight males.
It was hypothesized that HIIE would result in significant
reductions in total abdominal, trunk, and visceral fat and a
significant increase in fat-free mass and aerobic power.

2. Subjects and Methods

2.1. Subjects. Forty-six inactive, overweight men were
recruited from a university population and randomly
allocated into either exercise (n = 25) or control groups
(n = 21). The exercisers and controls were similar in terms
of age (24.7± 4.8 and 25.1± 3.9 years) and body mass index
(BMI: 28.4 ± 0.5 and 29 ± 0.9 kg m−2). The study received
approval from a University Research Ethics Committee.
Forty-six subjects underwent initial testing, however, for
various reasons five withdrew from the exercise group and
three from the control group. There was no significant
difference for any variable between the nonadherents and
those males who completed the study.

2.2. Procedures. Subjects were advised to avoid strenuous
activity and caffeine consumption for 24 hours prior to test-
ing, and attended the laboratory after a 10-hour overnight
fast. Tests for all subjects in control and exercise groups were
completed at the same time of day. The Physical Activity
Readiness Questionnaire [11] was filled out and information
on subjects’ personal and familial medical history obtained.
Fasting blood (300 mL) was drawn at baseline, and at weeks
3, 6, and 12 from an antecubital vein in EDTA vacutainers.
An automated enzymatic method (Cholestech LDX, USA)
was applied to quantify blood lipid profiles and glucose
concentrations from whole blood. The remaining whole
blood in EDTA tubes was spun immediately in a chilled
centrifuge (Model Megafuge 1.0R, Heraeus, Germany) at 4◦C
and frozen at −86◦C for later analysis. Aerobic power was
assessed using a TrueMax 2400 Metabolic Cart (ParvoMedics
Inc, USA) and an electronically braked cycle ergometer,
Monark 869 (Monark, Sweden). For subjects who could not
achieve the criteria for V̇O2max, due to the strenuous nature
of the exercise session V̇O2peak was used as an indicant of
aerobic power.

2.3. Resting Metabolic Rate (RMR). Fasted subjects relaxed
in a reclined position for 30 minutes. Resting heart rate,
resting energy expenditure (REE), V̇O2, and V̇CO2 were
assessed using a metabolic cart (TrueMax 2400 Metabolic
Cart, ParvoMedics Inc, USA).

V̇O2 represents the rate of oxygen utilised by subjects
during exercise, whereas V̇CO2 represents the rate of carbon
dioxide exhaled. Subjects were advised not to sleep and
breathe naturally during testing. The first 10 minutes of data

collection were excluded from analysis to allow for subject
stabilization.

2.4. Diet. Subjects in both exercise and control groups
were advised to maintain their normal eating habits during
the study. On their first and last visit to the laboratory
subjects provided a 3-day diet inventory which was analyzed
using diet analysis software (SERVE Nutrition Management
Systems, Professional Edition, version 5, Australia).

2.5. Body Composition. A Dual Energy X-Ray Absorptiom-
etry (DEXA) scan with a Lunar Prodigy scanner (software
version 7.51, GE Corporation, USA) was used to measure
body mass and percentage body fat. Fat mass (FM) along
with FFM in kg was measured for the whole body. DEXA
also provided information on abdominal and trunk fat, as
indicators of central adiposity. Computerised tomography
(CT) scans (Philips Gemini GXL 16, the Netherlands) were
also used to measure abdominal and visceral fat distribution.
Axial slices (3 × 10 mm) were performed through the
abdomen at L2/L3 and L4/L5. Fat density of 0.9 mg/L was
assumed [12], and it was automatically selected at any tissue
between 150 to 50 Hounsfield Units (HU). Gemini software
(GXL Host system) was used to analyse the CT images.
Abdominal, visceral, and subcutaneous fat were determined
at the levels of L2/L3 and L4/L5. BMI was calculated by
dividing weight by height squared (kg m−2).

2.6. High-Intensity Intermittent Exercise Training. Subjects in
the exercise group completed supervised exercise (8 s sprint,
12 s recovery) continuously throughout each 20-min session.
The HIIE workload was set at 80–90% of each subject’s heart
rate (HR) peak at a cadence between 120 and 130 r.p.m
and recovery was set at the same amount of resistance but
at a cadence of 40 r.p.m. Subjects were instructed to keep
their exercise intensity at a level necessary to produce a HR
between 80–90% of HR peak. As subjects adapted to HIIE
training, workload was increased so HR stayed at the appro-
priate 80–90% HR peak level. HIIE was coordinated with a
prerecorded compact disc counting down each sprint in a 3-
2-1 manner. Subjects performed a 5-min warm-up and cool-
down on the bike prior to and after each exercise session. All
training cycling data included continuous recording of HR
and r.p.m, whereas rating of perceived exertion [13] (RPE)
was assessed at 5-min intervals.

2.7. Assays. Insulin was measured using commercially avail-
able ELISA immunoassay kits. The degree of enzymatic
turnover of the substrate was determined by dual wavelength
absorbance measurement at 450 and 620 nm (Dako K6219,
Denmark). HOMA-IR, an insulin resistance index [14], was
calculated as follows:

HOMA-IR =
[
fasting insulin

(
μIU/mL

)× fasting blood glucose (mmol/L)
]

22.5
. (1)
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Table 1: Change in body composition, aerobic power, resting heart rate, RQ, resting energy expenditure, carbohydrate, and fat oxidation for
the high-intensity intermittent exercise and no exercise control group (N = 38; mean and standard error).

Exercise Control

Pre∗ Post Pre∗ Post

Weight (kg) 87.8± 2.7 86.3± 2.7∗∗ 89 ± 2.9 89.4± 3.1

BMI (kg m−2) 28.4± 0.5 27.9± 0.5∗∗ 29 ± 0.9 29.1± 0.9

Waist circumference (cm) 93.3± 1.4 89.8± 1.4∗∗ 93.7± 1.9 95.1± 1.9

Fat mass (kg) 29.8± 1.6 27.8± 1.5∗∗ 31.7± 2.2 31.8± 2.3

% Fat mass 34.8± 1.1 32.8± 1.1∗∗ 36.3± 1.4 36.0± 1.5

Fat-free mass (kg) 54.3± 1.5 55.5± 1.4∗∗ 53.8± 1.3 54.2± 1.3

V̇O2peak (l min−1) 3.0± 0.1 3.4± 0.1∗∗ 2.6± 0.1 2.7± 0.1

V̇O2peak (mL kg−1 min−1) 34.2± 1.0 39.4± 0.8∗∗ 29.1± 1.3 30.6± 1.4

Work output (watts) 246.3± 8.1 289.8± 8.0∗∗ 224.4± 7.3 225.9± 6.3

HR (bpm) 62.2± 2.5 57.9± 1.8∗∗ 62.7± 2.0 63.7± 1.7

RQ 0.85± 0.01 0.83± 0.01∗∗ 0.82± 0.02 0.86± 0.01

REE (Kcal/day) 1793 ± 54 1841 ± 56 1788 ± 58 1794 ± 53

Carbohydrate oxidation (g/day) 232.6± 14.3 201.5± 13.1∗∗ 186.7± 22.3 252.1± 21.2

Fat oxidation (g/day) 93.8± 6.6 106.1± 6.5∗∗ 110.2± 10.0 82.0± 10.9
∗Pre vales were used as covariates for ANCOVA.
∗∗P < 0.05, change in exercise group significantly greater compared to that of control group. BMI: body mass index; REE: resting energy expenditure; HR:
heart rate; RQ: respiratory quotient; REE: resting energy expenditure.

2.8. Statistical Analysis. Data were analysed with the Sta-
tistical Package for Social Science for Windows software
(SPSS 18, USA). To examine changes after the intervention,
an analysis of covariance (ANCOVA) was used to evaluate
differences between the two groups for variables that did
not violate ANCOVA assumptions. Preintervention values
were used as covariates. Where assumptions were violated, an
independent t-test was conducted on the difference scores.
The statistical analysis was considered significant when the
probability level was less than 0.05.

3. Results

There was no significant difference between the two groups
for body mass, BMI (Table 1), and age prior to the training
program.

3.1. Exercise Heart Rates, RPE, and Work Load. The average
HR during the HIIE training sessions for the exercise group
was 160± 9 beats min−1 which corresponded to 88% of HR
peak and the average RPE was 13.6±0.5. Maximal work load
significantly increased in the exercise group (P < 0.001) by
43.5 watts (Table 1).

3.2. Response in Aerobic Power following the Intervention.
HIIE resulted in a significant increase in both absolute and
relative V̇O2peak (P < 0.005) with absolute V̇O2peak being
increased by 13% and relative V̇O2peak by 15% (Table 1).

3.3. Total Body Mass and Body Fat Assessed by DEXA.
Total body mass significantly decreased (P < 0.005) in
the exercise group (Table 1) by 1.5 kg (2%), whereas total
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Figure 1: Total fat change for the high-intensity intermittent
exercise and no exercise control groups (N = 38, mean and standard
error). ∗Significantly different from control group (P < 0.05).

FM significantly decreased (P < 0.005) by 2.0 kg (6.7%;
Figure 1). The FM of controls was unchanged after 12
weeks (Table 1). Percent body fat in exercisers at pretest
was not correlated to changes in percent body fat after the
intervention (r = 0.17, P > 0.05).

3.4. Abdominal and Trunk Fat Assessed by DEXA. There was
a significant decrease in abdominal fat by 0.14 kg (6.6%)
for the exercise group (P < 0.05) with no change for the
control group (Table 2). The exercise group also significantly
decreased (P < 0.001) trunk fat by 1.4 kg (8.4%), whereas
trunk fat was slightly increased in controls (Table 2).
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Table 2: Regional changes in body composition for the high-intensity intermittent exercise and no exercise control groups (N = 38; mean
and standard error).

Region of fat mass
Exercise Control

Pre∗ Post Pre∗ Post

Leg fat (kg) 9.6± 0.8 9.0± 0.7 9.9± 0.7 9.8± 0.7

Leg lean (kg) 18.6± 0.6 19.0± 0.6∗∗ 18.5± 0.6 18.5± 0.5

Arm fat (kg) 2.7± 0.2 2.5± 0.2∗∗ 2.6± 0.1 2.7± 0.2

Arm lean (kg) 6.7± 0.2 6.7± 0.2 6.4± 0.4 6.6± 0.3

Abdominal fat (kg) 2.3± 0.1 2.2± 0.1∗∗ 2.4± 0.2 2.4± 0.2

Abdominal lean (kg) 3.7± 0.1 3.7± 0.1 3.5± 0.1 3.5± 0.1

Trunk fat (kg) 17.0± 0.9 15.5± 0.9∗∗ 17.2± 1.2 17.3± 1.3

Trunk lean (kg) 24.9± 0.7 25.6± 0.7∗∗ 24.0± 0.8 23.9± 0.7
∗Prevalues were used as covariates for ANCOVA.
∗∗P < 0.05, change significantly greater compared to that of control group.
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Figure 2: Fat-free mass change for the high-intensity intermittent
exercise groups (N = 38; mean and standard error). ∗Significant
difference between pre- and posttesting (P < 0.05).

3.5. Regional Body Composition Assessed by DEXA. There was
no significant difference between groups in absolute FM loss
in the leg (P > 0.05), whereas arm FM loss was greater for
exercisers (P < 0.01; Table 2).

Total, leg, and trunk FFM (P < 0.05) were significantly
increased after 12 weeks of HIIE in the exercise group
compared to the control group, whereas arm FFM (P >
0.05) showed no significant change after the intervention
(Figure 2).

3.6. Abdominal, Visceral, and Subcutaneous Fat Mass Assessed
by CT. Total, abdominal, visceral, and subcutaneous FM at
levels of L2/L3 and L4/L5 were significantly reduced (P <
0.05) after 12 weeks of HIIE compared to the control group
(Table 3). Abdominal fat decreased by 8.5% at L2/L3 and
6.6% at L4/L5. Visceral fat was significantly decreased (P <
0.05) by 17% at level L2/L3 and 10% at level L4/L5 (Table 3;
Figure 3).
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Figure 3: Visceral fat change for the high-intensity intermittent
exercise and no exercise control groups (N = 38; mean and standard
error). ∗Significantly different from control group (P < 0.05).

3.7. Change in Body Composition after 3, 6, and 9 Weeks.
At weeks 3 and 6 there were no change in body mass and
BMI, however, after 9 weeks body mass (P < 0.005) and
BMI (P < 0.005) were significantly decreased. At the end of
the trial, body mass and BMI were significantly decreased
(P < 0.001; Table 1), yet, at week 6, WC was significantly
lower than that at baseline, from 93.3 to 90.7 cm (P < 0.001).
There was a further WC reduction from week 6 (90.7 cm)
to week 12, (89.8 cm), which was not significant (P > 0.05).
Also the major reduction in visceral fat brought about by
HIIE appears to have occurred within the first six weeks as
reduction in waist circumference was significantly correlated
(r = 0.57, P < 0.05) with reduction in visceral fat (L4/L5) at
week six.

3.8. Response in Resting Metabolic Rate following the Inter-
vention. After the intervention exercise subjects had sig-
nificantly lower resting HR (P < 0.01) and respiratory
quotient (RQ; P < 0.01) compared to subjects in the control
group. There was no significant change in resting metabolic
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Table 3: Changes in computed tomography scan variables for the high-intensity intermittent exercise and no exercise control groups (N =
38; mean and standard error).

Exercise Control

Pre∗ Post Pre∗ Post

L2/L3 total fat mass (g) 564.0± 22.3 538.0 ± 21.4∗∗ 587.1± 26.3 591.0± 30.6

L2/L3 abdominal fat (g) 280.0± 21.4 256.1 ± 19.6∗∗ 304.8± 26.5 311.9± 30.6

L2/L3 visceral fat (g) 94.6± 10.6 84.8 ± 9.9∗∗ 102.1± 11.5 101.5± 11.4

L2/L3 subcutaneous (g) 177.3± 16.3 161.7 ± 14.7∗∗ 194.2± 20.2 200.4± 23.4

L4/L5 total fat mass (g) 576.9± 24.3 555.7 ± 21.7∗∗ 595.7± 28.4 602.2± 32.7

L4/L5 abdominal fat (g) 327.8± 23.0 306.3 ± 20.9∗∗ 346.5± 27.3 355.5± 31.0

L4/L5 visceral fat (g) 62.6± 6.2 51.8 ± 5.1∗∗ 69.7± 9.7 67.3± 8.4

L4/L5 subcutaneous (g) 259.7± 22.1 247.8 ± 20.0∗∗ 271.7± 26.1 281.7± 27.7
∗Prevalues were used as covariates for ANCOVA.
∗∗P < 0.05, change significantly greater compared to that of control.

Table 4: Glucose, insulin, HOMA-IR, and lipid change for the high-intensity intermittent exercise and no exercise control groups (N = 38;
mean and standard error).

Exercise Control

Pre Post Pre Post

Glucose (mmoL·l−1) 4.86± 0.14 4.97± 0.10 4.91± 0.14 4.91± 0.14

Insulin (μU·mL−1) 6.98± 0.66 6.72± 0.63 8.67± 0.90 8.29± 0.67

HOMA-IR 1.51± 0.15 1.47± 0.14 1.90± 0.24 1.82± 0.17

Total cholesterol (mmoL·l−1) 4.18± 0.25 3.97± 0.24 4.59± 0.21 4.36± 0.18

Triglycerides (mmoL·l−1) 1.20± 0.27 1.18± 0.36 1.52± 0.21 1.31± 0.18

High-density lipoprotein (mmoL·l−1) 1.31± 0.09 1.35± 0.09 1.08± 0.09 1.03± 0.08

Low-density lipoprotein (mmoL·l−1) 2.51± 0.16 2.35± 0.18 2.82± 0.18 2.81± 0.16

Very low-density lipoprotein (mmoL·l−1) 0.48± 0.07 0.43± 0.10 0.66± 0.09 0.56± 0.09

TC: HDL ratio 3.51± 0.32 2.99± 0.20 4.62± 0.31 4.52± 0.27

rate after the intervention (P > 0.05), however, subjects
in the exercise group had significantly higher (13%) fat
oxidation (P < 0.001) and lower carbohydrate oxidation
(P < 0.001) after the intervention compared to the control
group (Table 1).

3.9. Response in Blood Variables following the Intervention.
Fasting glucose, plasma insulin, glucose, HOMA-IR, and
lipid levels were unchanged in the exercise compared to
the control group (P > 0.05). For exercisers and con-
trols preintervention levels of insulin, glucose, HOMA-IR,
total cholesterol, triglyceride, low-density lipoprotein, high-
density lipoprotein (Table 4) were within the normal range
for males of this age [15].

3.10. Diet. There was no significant change in macro- or
micronutrient content before or after the intervention for the
3-day diet diary of the exercise or control group. Macronu-
trient levels before and after the 12-week intervention are
shown in Table 5.

4. Discussion

The major findings of this study were that HIIE significantly
increased V̇O2peak and significantly reduced total, abdominal,

trunk, and visceral fat of young, overweight males. Also
trunk and leg fat-free mass was significantly increased after
HIIE.

The 15% increase in V̇O2max is similar to results of a pre-
vious study that used a 8 s/12 s HIIE protocol [8]. Talanian et
al. [16] also found that a HIIE program significantly elevated
aerobic power. In this paper the oxidative enzyme β-hydroxy-
acyl-CoA dehydrogenase was used as a marker of mito-
chondrial volume and showed that intermittent sprinting
enhances mitochondrial capacity. Different forms of HIIE
have also been shown to significantly increase aerobic power
[17, 18]. Thus, collectively these data show that HIIE results
in significant improvements in aerobic fitness. The improve-
ment in cardiorespiratory fitness after HIIE is an attractive
feature of this mode of exercise as aerobic fitness has been
shown to be an important predictor of positive health [19].

That HIIE resulted in significant subcutaneous fat reduc-
tion supports prior research in women using a similar
protocol [8]. Results of the present study with males extend
these findings showing that HIIE is an effective and efficient
way of controlling body composition in both genders. With
regard to abdominal fat, it has been found that 15 weeks
of HIIE led to significantly reduced abdominal fat (0.15 kg)
in untrained young women [8]. The 0.13 kg decrease in
abdominal fat and 1.5 kg decrease in trunk fat found in
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Table 5: Macronutrient levels before and after the 12-week-intervention (N = 38; mean and standard error).

Exercise Control

Pre Post Pre Post

Kilojoules 8102 ± 428 8142 ± 414 8569 ± 343 8642 ± 343

% carbohydrate 43.6± 1.8 42.9± 1.5 46.2± 1.8 46.8± 1.9

% protein 19.8± 1.1 19.5± 1.1 18.2± 1.1 18.3± 1.5

% fat 36.4± 1.7 37.5± 1.4 35.7± 1.7 34.9± 1.4

% saturated fat 13.2± 0.8 13.0± 0.7 12.4± 0.7 11.3± 0.6

% monounsaturated fat 13.6± 0.7 14.2± 0.7 13.6± 0.7 13.8± 0.7

% polyunsaturated fat 6.3± 0.6 7.0± 0.7 6.3± 0.6 6.5± 0.7

Cholesterol (mg) 397.3± 37.5 394.7± 41.9 304.8± 41.6 381.8± 57.0

Fibre (g) 19.5± 2.5 19.5± 2.4 20.3± 2.4 21.4± 2.8

Sodium (mg) 2564 ± 320 2709 ± 335 2390 ± 345 2547 ± 335

the current study demonstrates that this effect is also present
in young males and supports findings by Boudou et al.
[10] who showed that 8 weeks of HIIE significantly reduced
abdominal adiposity in older diabetic males.

The significant 17% decrease in visceral fat found in the
present study extends the findings of Mourier et al. [20] who
showed a significant reduction in visceral fat measured by
MRI, following an exercise regimen consisting of steady-state
exercise and HIIE for 8 weeks. These findings also add to
the results of studies that have shown that aerobic training
interventions decrease visceral adipose tissue [21]. The
present study, however, appears to be the first to examine
the effects of 20 min bouts of HIIE on visceral fat of young
males. As visceral compared to overall obesity is more
strongly associated with cardiovascular disease risk [22] the
ability of HIIE to reduce visceral fat may have positive health
implications. For example, it was shown that reduction in
visceral fat was associated with improvement in glucose and
lipid metabolism, [3] whereas Okauchi et al. [23] found that
a reduction in visceral fat lowered the risk of atherosclerotic
cardiovascular disease. Interestingly, Ohkawara et al. [21]
estimated the optimal dose of aerobic exercise necessary to
significantly reduce visceral fat and concluded that 3,780 kcal
expended per week was needed. As an exercise session (e.g.,
cycling on a stationary cycle ergometer) lasting around an
hour at a moderate exercise intensity expends about 520–
550 kcal then to reach an optimal exercise caloric expenditure
of 3,780 kcal per week an individual would have to perform
approximately seven one-hour exercise sessions per week.
In contrast, subjects in the present study exercised for only
one hour per week. Also Donnelly et al. [24] conducted
16 months, 5 hours of aerobic exercise per week program
with overweight young males and recorded a 23% decrease
in visceral fat. Thus, it appears HIIE can bring about
significant decreases in visceral fat with programs that are
both significantly shorter in length (e.g., 16 months versus
3 months) and have less exercise commitment per week (5
hours versus 1 hour). Also the major decrease in visceral fat
brought about by HIIE may have occurred within the first
six weeks as reduction in visceral fat was correlated with

reduction in waist circumference (r = 0.57, P < 0.05) at week
six after which waist circumference did not further decrease.

Although the effect of HIIE on FFM has not been
extensively examined, one study using DEXA found that
trunk muscle mass was significantly increased in young
females by 0.6 kg after 15 weeks of HIIE, [8] whereas another
study using MRI showed a significant increase in thigh
muscle cross sectional area of older males and females after
HIIE [10]. The 1.2 kg increase in total FFM found after
HIIE in the present study confirms the ability of this type
of exercise to increase FFM. However, the length of this 12-
week intervention was 3 weeks less than that conducted by
Trapp et al. [8] that used females as subjects. As exercise HRs
and relative exercise intensity of the two trials were similar
it appears that males responded with a similar decrease in
total fat but a greater increase in FFM after HIIE. FFM
increase in the trunk after HIIE was 0.7 kg for males and
0.4 kg for females, whereas in the legs was 0.4 kg for males
and 0.1 kg for females. Thus, males compared to females
recorded greater increases in FFM in the trunk and legs.
This characteristic may be important for fat loss programs
as it has been shown that muscle mass is typically decreased
after dietary restriction [25] and is typically unchanged after
aerobic exercise training [9]. The significant increase in
leg FFM may also reflect important metabolic adaptations
resulting in enhanced insulin sensitivity [26].

Possible mechanisms underlying the HIIE-induced fat
loss effect are undetermined but may include enhanced exer-
cise and postexercise fat oxidation and suppressed postex-
ercise appetite [7]. For example, Burgomaster et al. [26] and
Talanian et al. [16] have shown that 6 to 7 sessions of HIIE
had significant increases in whole body and skeletal muscle
capacity for fatty acid oxidation. The excess postexercise
oxygen consumption response to HIIE does not appear to
have been examined, however, it is feasible that the signif-
icant levels of catecholamines generated during acute HIIE
[27] could elevate postexercise fat oxidation. The significant
catecholamine response to HIIE is in contrast to moderate,
steady-state aerobic exercise that results in small increases
in epinephrine and norepinephrine [28]. Also the high
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levels of catecholamines produced by HIIE may underlie its
ability to reduce visceral fat, as catecholamines have been
shown to drive lipolysis and are mainly responsible for fat
release from visceral fat stores [29]. Also significantly, more
β-adrenergic receptors have been found in visceral compared
to subcutaneous fat [30] suggesting that

HIIE may have greater potential than steady-state exer-
cise (e.g., jogging, cycling) to reduce visceral fat. Further-
more, increased fat oxidation after HIIE may occur as a result
of the need to remove lactate and H+ and to resynthesize
glycogen. Uncoupled respiration, protein turnover, and
sympathetic nervous system activity may also contribute to
increased energy expenditure and fat oxidation after exercise
[9]. Finally, HIIE may also have a suppressive effect on
appetite as exposing rats to hard exercise has been repeatedly
reported to reduce food intake [31].

As this HIIE program required minimal time commit-
ment, it has implications regarding subject compliance with
exercise interventions. Thus, physical activity prescriptions,
which require the least effort, while still producing adequate
reductions in subcutaneous and visceral fat are likely to be
optimal [9] and HIIE would seem to fall under this category
as subject’s total exercise commitment was 60 min per week.
In conclusion, 20 min of HIIE, performed three times per
week for 12 weeks, resulted in significant reductions in total
body, abdominal, trunk, and visceral fat and a significant
increase in fat-free mass of overweight young males.
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We aimed to examine the relationship between physical activity (PA) and change in body weight and cardiorespiratory fitness
(CRF) in severely obese men and women. Thirty-five subjects (10 men, body mass index 43.2 ± 5.1 kg/m2) who participated in a
10-month lifestyle treatment programme were included. The PA duration correlated only with weight change for men (r = −0.69,
P = .027 versus r = −0.19, P = .372 for women). Conversely, the PA intensity correlated only with CRF for women (r = 0.61,
P = .003 versus r = 0.39, P = .340 for men). PA explained 55.8 and 5.6% of weight change for men and women, respectively,
whereas the corresponding explained variances for CRF were 15.6 and 36.7%. We conclude that PA was associated with change in
body weight and CRF; however, there was a trend towards a gender specific effect between severely obese men and women.

1. Introduction

As physical activity (PA) is an important contributor to
energy expenditure, it is a widely used weight reduction in-
tervention. However, most studies find limited evidence for a
decrease in body weight with physical activity alone (1–3 kg)
[1–3] or in combination with dietary interventions (3.5–
13 kg) [1–6]. A limitation when reporting such changes on a
group level is the large interindividual variation in responses.
Because there is a dose-response relationship between PA and
weight reduction [7–9], this variation may arise from differ-
ences in PA level and other health behaviours. Variation
could also be due to gender, as intervention studies suggest
that PA may be more effective in reducing weight among
men, than among women [10–12]. Because gender may be
a moderator of response to PA interventions in obesity treat-
ment, clinical studies in which results are analysed separately
for men and women allow for better development of tailored
lifestyle intervention programmes [4, 13].

Physical activity is shown to decrease weight in severely
obese subjects over both the short term [14–18] and the long
term [17, 19–25]. Although some studies suggest that greater

weight reduction may be related to a higher PA level [17,
20, 23], studies on the relationship between PA and weight
change are scarce in this population. In addition to reducing
weight, lifestyle interventions incorporating PA can increase
cardiorespiratory fitness (CRF), which is an important risk
factor for cardiovascular disease (CVD) and mortality [26].
As far as we know, the relationship between PA and change
in CRF has not been studied in severely obese subjects.

Therefore, the objective of this study was to explore the
effect of PA on changes in weight and CRF in severely obese
men and women participating in a lifestyle intervention
programme. We argue that because distinct gender-related
differences might exist in response to PA, analysis should be
performed separately for men and women. Such an analysis
will facilitate the tailoring of treatment interventions that
ultimately improve success rates.

2. Materials and Methods

2.1. Participants. Seventy-one severely obese patients who
chose lifestyle treatment over bariatric surgery were enrolled
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at the Red Cross Haugland Rehabilitation Centre (RCHRC)
in Norway between August 2006 and May 2009. The inclu-
sion criteria for participation in the programme were age
between 18 and 60 years old and body mass index (BMI) >
40 kg/m2 without comorbidity, or a BMI > 35 with comorbi-
dity. The exclusion criteria were pregnancy, heart disease,
drug or alcohol abuse, previous bariatric surgery and mental
disorders and physical impairment that could reduce the
ability to comply with the programme. Written informed
consent was obtained from each study participant before
inclusion in the study. The study meets the standards of the
Declaration of Helsinki and was approved by the Regional
Committee for Medical Research Ethics.

2.2. Study Protocol. The programme consisted of intermit-
tent inpatient periods of six weeks, four weeks, and three per-
iods of two weeks over a two-year period, separated by three
to five months. The present study presents data from the first
to the third inpatient period (i.e., 10 months of followup).

An interdisciplinary team of health professionals (dieti-
cian, nurse, medical doctor, physiotherapist, and exercise
specialist) were responsible for the programme, which consi-
sted of three main components: diet, PA, and cognitive be-
haviour therapy. Both theoretical and practical sessions were
incorporated. With respect to diet, each subject followed a
high-fibre, low-fat, reduced-energy meal plan based on the
Nordic Nutrition Recommendations [27] that included three
main meals and 2-3 snacks each day. Regarding PA, sub-
jects participated in a supervised and structured exercise
programme consisting of 20–30 minutes of brisk walking
before breakfast and two 45–60 minute exercise sessions
(e.g., swimming, aerobics, ball games, hiking, strength
training) five days per week. No specific target regarding
intensity was applied. Throughout the stay at RCHRC, this
programme amounted to between 110 and 150 minutes
of PA per day. Together with a team member, each subject
developed an individualised plan for PA at home. The main
objective of this plan was to increase PA level and strengthen
each patient’s mastery of everyday life. As such, the plan was
based on opportunities at home and subject preferences.

2.3. Measurements. The patient’s body weight, waist circum-
ference (WC), height, and CRF were measured at the begi-
nning of the first and third inpatient period. Subjects
were weighed to the nearest 0.1 kg in light clothing before
breakfast, using a digital scale (BWB-800, Tanita Corp.,
Tokyo, Japan). Height was measured to the nearest 0.5 cm us-
ing a wall-mounted stadiometer. Waist circumference was
measured to the nearest 0.5 cm at the level of the iliac crest
at the end of a normal expiration using a nonstretchable
tape measure. Cardiorespiratory fitness was estimated using
the Åstrand/Ryhming test according to suggested guidelines
[28, 29]. Each subjects heart rate was measured between
minute five and six at one submaximal work load on a bicy-
cle ergometer (Ergometrics 900, Jaeger GmbH, Wursburg,
Germany) while pedalling at a constant rate of 50 rpm. The
measured heart rate was used to estimate maximal oxygen
consumption (VO2max), with a correction factor for age.
Because we used an indirect measure of VO2max that has not

been validated in severely obese subjects, validity and reliabi-
lity were examined in a subsample of our subjects (n = 13).
The subjects performed a maximal treadmill test using a
modified Balke-protocol on day one and performed three
Åstrand/Ryhming tests thereafter (on day three, four and
five, resp.). Åstrand/Ryhming test number one was used as
a learning trial, test number two was used for validation, and
test two and three were used for assessing reliability. Oxygen
consumption on the treadmill test was measured using the
Metamax I and the Metasoft v. 1.11.05 software (Cortex
Biophysic, Leipzig, Germany). A one-point gas calibration
using ambient air and a volume calibration using a three-
liter syringe (SensorMedics Corporation, CA, USA) were
performed between each test. The results were comparable
to results in normal-weight subjects [30, 31]. There was no
systematic bias compared to direct measurement of VO2max

(−0.20 mL/kg/min difference, P = .900). For test-retest reli-
ability, we found a Pearson correlation coefficient of r = 0.92
(P < .001) and a standard error of measurement (calculated
as suggested by Hopkins [32]) of 1.13 mL/kg/min. These
results show that the Åstrand/Ryhming test has acceptable
precision in detecting changes in CRF over time in our sub-
jects.

Subjects self-monitored PA using simple training diaries.
The mode, duration, and PA intensity were recorded. Intensi-
ty was reported as rate of perceived exertion (RPE) on the
Borg 6–20 scale [33], which has acceptable validity [34].
Because of the overwhelming amount of data in these diaries,
the first week in each month was extracted for analysis. The
duration of PA per week as well as the duration for specific
modes of PA was calculated. Intensity was calculated as the
mean RPE for all training sessions per week. Both measures
were averaged over the number of valid months. Because
most diaries contained information only about modes of PA,
such as strength training, bicycling and walking, activities
such as housework and gardening were excluded from the
analysis on the assumption that these activities would be
performed by most subjects and therefore would be equally
distributed. Inclusion criteria for the analysis were valid data
on both the duration and PA intensity for at least seven out
of the ten months of followup. The energy expenditure (EE)
was calculated using reported duration and PA intensity, age,
baseline BMI and CRF and the regression equation suggested
by Jakicic et al. [35].

2.4. Statistical Analyses. Data are presented as mean ± stan-
dard deviation (SD). Differences between groups were anal-
ysed with a one-way ANOVA and the Bonferroni post-hoc
test. Where the assumptions of normality or homogeneity
of variances were violated, differences were tested using the
Kruskall-Wallis test with the Mann-Whitney test and Bonfer-
roni adjustment for multiple comparisons. Differences over
time were tested using a one-sample t-test and tested against
a value of 0. Correlation between pairs of variables was anal-
ysed using Pearson’s correlation coefficients as variables were
found to approximate normality. Ninety-five percent confi-
dence intervals (CIs) for correlations were obtained using
10 000 bootstrap samples. Regression analysis was performed
using the partial-least-squares- (PLSs-) method allowing for
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Table 1: Baseline characteristics and change values for the group with valid training diaries. (Mean ± SD n; when different from the total in
each group). WC: waist circumference; BMI: body mass index; VO2max: estimated maximal oxygen consumption; EE: energy expenditure.

Valid training diaries Men Women P between sexes

Baseline

N 35 10 25

Age 47.9± 8.8 48.8± 8.6 47.5± 9.0 .694

Height (cm) 168.8± 9.5 178.8± 8.1 164.8± 6.8 .000

Weight (kg) 123.4± 20.9 134.9± 22.3 118.7± 18.8 .036

WC (cm) 125.8± 13.4 [n = 30] 134.6± 17.1 [n = 8] 122.6± 10.5 [n = 22] .056

BMI (kg/m2) 43.2± 5.1 42.0± 4.5 43.6± 5.3 .400

VO2max (L/min) 2.37± 0.57 2.81± 0.68 2.18± 0.41 .004

VO2max (mL/kg/min) 19.5± 5.0 21.5± 5.8 18.7± 4.6 .171

Change to 10 months

Weight −10.73± 7.05 −10.67± 7.52 −10.76± 7.01 .975

WC −9.22± 7.18 [n = 28] −7.71± 7.29 [n = 7] −9.72± 7.25 [n = 21] .531

VO2max (L/min) 0.17± 0.48 [n = 30] 0.20± 0.62 [n = 8] 0.16± 0.44 [n = 22] .855

VO2max (mL/kg/min) 3.54± 4.54 [n = 30] 3.54± 4.54 [n = 8] 3.41± 4.52 [n = 22] .800

Physical activity

Duration (min/week) 403± 171 506± 198 361± 143 .022

Intensity (RPE) 13.9± 1.4 13.8± 0.9 13.9± 1.6 .855

EE (kcal/week) 3751± 1928 5313± 2191 3183± 1506 .005

Mode of activity

Walking (%) 57.7± 23.2 59.7± 28.5 57.0± 21.3 .759

Bicycling (%) 11.7± 19.2 19.1± 26.9 8.7± 14.8 .483

Swimming (%) 13.2± 9.8 10.9± 8.6 14.1± 10.3 .398

Strength training (%) 12.2± 11.3 8.7± 7.1 13.6± 12.4 .250

Other (%) 5.3± 6.9 1.7± 2.8 6.7± 7.5 .031

multivariate modeling in small samples. Changes in weight
and CRF were used as dependent variables. Four models were
established for each dependent variable for men and women
separately. Variables to be included were selected on the basis
of the bivariate associations with the dependent variables.
In model 1, age, baseline BMI, and baseline CRF were used
as independent variables. Model 2 included the bivariate
relationship between the PA duration and weight change as
well as the bivariate relationship between PA intensity and
the change in CRF. In model 3, PA duration and intensity
were included. Model 4 contained the variables from models
2 and 3. In all PLS analyses, independent variables were
standardised to variance because several different units of
measurement were used. In order to assess the robustness of
the findings, all models were cross-validated excluding every
fourth subject. PLS analysis and the cross-validation were
performed using Sirius v. 8.0 (Pattern Recognition Systems,
Bergen, Norway), while all other analyses were performed
using SPSS v. 17.0 (SPSS Inc., Chicago, USA). A two-sided
P < .05 indicated significant differences.

3. Results

3.1. Analysis of Attrition. A total of 71 subjects were included
in the lifestyle treatment programme. Of these, nine subjects
did not consent to take part in this study and six quit during
the course of the programme: one to undergo bariatric

surgery, one having reached his weight goal, and four for
unknown reasons. This left 56 subjects for analysis, among
whom 35 subjects (10 men) had valid training diaries.
Subjects without valid training diaries were younger than
subjects with valid training diaries (39.3± 11.1 versus 47.9±
8.8 years, P = .005). Dropouts were taller than subjects
with valid training diaries (179.8± 8.4 versus 168.8± 9.5 cm,
P = .029). All other baseline- and change values were similar
between groups. Further results are based on the group with
valid training diaries.

3.2. Baseline Characteristics and Outcomes at the Group Level.
Table 1 show that the men were taller, heavier and had
better CRF (L/min) than the women at baseline. Changes in
weight, WC, and CRF were similar between genders. Results
regarding changes over time are therefore collapsed. All vari-
ables changed significantly over time (P < .001), except for
CRF expressed as an absolute value (L/min) (P = .061). The
weight and WC changes were −8.7± 5.8% (95% CI −10.7 to
−6.7%) and −7.2 ± 5.5% (CI −9.3 to −5.1%), respectively.
VO2max increased 9.7 ± 21.1% (CI 1.8 to 17.5%) and 21.1 ±
25.8% (CI 11.4 to 30.7%) when expressed as absolute and
relative values, respectively. Taken together, subjects spent
about 58 minutes on PA per day during the intervention,
which corresponds to an EE of about 536 kcal/day. The
duration and volume of PA were significantly higher for men
than for women, whereas the intensity was similar between
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Figure 1: Individual changes in body weight and cardiorespiratory
fitness (n = 22 for women; n = 8 for men). Subjects are sorted
within gender with respect to body weight change.

genders. With regard to the mode of PA, the pattern was simi-
lar between men and women, except for “other activities,”
which was reported more often by women.

3.3. Relationships between PA and Change in Weight and
CRF. Figure 1 shows individual changes in weight and CRF.
The figure clearly shows large individual variation in both
outcome variables. Most subjects lost weight and displayed
increases in CRF; however, the opposite was also seen.
Changes in the two outcomes were not related (r = −0.16,
P = .401, n = 30).

Correlation between the PA duration and weight change
was r = −0.33 (P = .050); the correlation between the PA
intensity and weight change was r = −0.17 (P = .336). The
correlation between the PA duration and the change in CRF
was r = −0.04 (P = .853, n = 30); the correlation between
the PA intensity and the change in CRF was r = 0.51 (P =
.004, n = 30). The relationship between the PA duration and
weight change was much stronger for men than for women
(r = −0.69, CI −0.88 to −0.41, P = .027 versus r = −0.19,
CI −0.60 to 0.26, P = .372). Conversely, the relationship
between the PA intensity and change in CRF was stronger
for women than for men (r = 0.61, CI 0.10 to 0.85, P = .003
(n = 22) versus r = 0.39, CI−0.29 to 0.86, P = .340 (n = 8)).
Scatterplots of PA duration versus change in weight and PA
intensity versus change in CRF are shown in Figures 2(a)
and 2(b), respectively. There were no relationship between
PA duration and WC (r = −0.10, P = .624, n = 28), nor
between PA intensity and WC (r = −0.01, P = .967, n = 28).

3.4. Regression Analysis. Tables 2(a) and 2(b) show the PLS
regression analysis with respect to changes in weight and
CRF, respectively. A correlation matrix including indepen-
dent and dependent variables is shown in Table 3. For weight
change, model 1 (baseline variables) was quite similar for
both genders, explaining about 20% of the variance. Model
2 (PA duration) yielded remarkably different results between

genders, explaining 47.8% of the variance for men compared
to 4% for women. The PA variables together (model 3) ex-
plained 55.8% of the weight change for men, whereas 5.6%
of the weight change was explained for women. Together,
baseline characteristics and PA (model 4) explained about
two-thirds of the weight change for men, whereas only one-
third of the change for women was explained.

Regarding the change in CRF, model 1 explained 40.4
and 34.2% of the variance for men and women, respectively.
The corresponding variances explained by model 2 were 14.5
and 37.5%. For women, the PA variables together (model 3)
explained one-third of the change in CRF, whereas 15.6% was
explained for men. Taken together, the baseline variables and
PA variables explained 81.6% of the change in CRF for men
and 60.6% for women (model 4). However, the SEEs for men
were generally almost twice as high as for women, reflecting
considerable uncertainty in the predictions.

4. Discussion

This study found that severely obese subjects undergoing
a 10-month lifestyle intervention showed great individual
variation in the change in weight and CRF. Physical activity
was related differently to change in weight and CRF in men
and women. Duration and intensity of PA explained 55.8%
of the weight change in men and only 5.6% in women. For
CRF the opposite pattern was seen. While PA explained only
15.6% of the change for men, it explained 36.7% of the
change for women.

4.1. Weight Change. We found a decrease in weight of
−10.7 kg (−8.7%) over 10 months in both genders. This is
in line with other studies investigating lifestyle treatment for
severely obese subjects [17, 24, 25]. However, other studies
have shown more beneficial results after similar programmes
[21] and larger weight losses have been achieved with more
severe lifestyle interventions using low-energy or very low-
energy diets [22, 23]. Weight losses in the present study seem
consistent with results seen in overweight and moderately
obese subjects undergoing lifestyle interventions [3–5].
Thus, regarding weight loss, lifestyle treatment programmes
seem to work equally well in severely obese and less obese
persons.

Few previously published studies of severely obese sub-
jects have reported PA levels. Interestingly, Hofsø et al. [24]
reported a median physical activity level of approximately the
same magnitude as in the present study (65 minutes per day);
the weight losses were also nearly identical. Unfortunately,
Goodpaster et al. [25], who recently published the first ran-
domised controlled trial in the field of lifestyle intervention
for severely obese subjects, did not report total minutes spent
in moderate to vigorous physical activity or EE, although
PA was measured both objectively and through training
diaries. Comparing the present study results with the results
of Maffiuletti et al. [17] is also difficult because PA levels were
determined using a scoring system that, while allowing for
acceptable internal validity, limits its external validity.
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Figure 2: (a) Scatterplot showing weight change versus duration of physical activity for men (full regression line) and women (dotted
regression line). (b) Scatterplot showing change in cardiorespiratory fitness versus intensity of PA for men (full regression line) and women
(dotted regression line).

Although reports on dose-response relationships
between PA and weight change in severely obese subjects
are scarce, some studies have shown convincing results in
less obese subjects [7–9]. The most recent study by Wadden
et al. [7] showed a consistent increase in one-year weight loss
of 4.4, 7.1, 9.0, and 11.9% for increasing quartiles of mean
weekly minutes of physical activity (25.9, 84.8, 148.7, and
287.1 min) in 2570 subjects with a baseline BMI of about 36,
randomised to lifestyle intervention.

Overall, a correlation of r = 0.41 was found, yielding a
16.1% explained variance in weight change. This relationship
is of approximately the same strength as in the present study
when the male and female groups are collapsed (r = 0.33).
However, we found a marked difference between genders. In
men, a moderate-to-high correlation was found (r = −0.69),
whereas in women, a nonsignificant association with weight
change was found (r = −0.19). Although it should be noted
that the CIs overlapped between genders, there was a clear
difference in the strength of the relationships. Although our
results must be interpreted carefully due to the small samples,
the results are in line with previous intervention studies
suggesting larger weight losses due to physical activity for
men than for women [10–12].

4.2. Change in Cardiorespiratory Fitness. An overall mean
increase in CRF of 3.5 mL/kg/min (21.1%) was achieved in
the present study. This change parallels other study results
for both severely obese and less obese subjects undergoing
lifestyle interventions incorporating PA [17, 18, 36]. Such an
increase in CRF may reduce the risk of all-cause mortality
and the incidence of cardiovascular disease in healthy men

and women by 13 and 15%, respectively [26]. As studies
consistently show an especially large risk reduction with an
increase in CRF beyond some minimal threshold [26, 37],
any increase would be beneficial to health for most severely
obese subjects, whose CRF is generally low [17, 18, 38, 39].
Moreover, low baseline CRF was a significant predictor
for increased CRF in both genders in the present study,
showing that subjects with the highest intervention potential
benefitted the most. The increase in CRF may also benefit
the subjects by allowing them to increase their PA level and
thereby lose more weight [4]. This is indicated by the inverse
relationship between baseline CRF and PA duration found in
the present study (r = 0.40, P = .024, results not shown).

Duration of PA was not correlated with change in CRF
in the present study, whereas PA intensity was significantly
correlated with increases in CRF in the group as a whole,
as well as for women. For men, this relationship was
nonsignificant. The importance of PA intensity to increase
CRF is well established [40]. The variation in change in CRF
explained by PA for women (36.7%) is consistent with nine
studies reviewed by Williams [37] in which PA explained
35% of the variation in CRF. The weaker explanation of the
variation among men in the present study (15.6%) may be
a result of men being a relatively small homogenous group,
which resulted in a minimal range in PA intensities.

4.3. Interpretation of the Results. We found that regression
models based on both baseline measures and PA variables
explained 69.4 and 36.8% of the change in weight for men
and women, respectively, with corresponding values for the
change in CRF of 81.6 and 60.6%. These values are quite
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Table 2: (a) Regression equations, standard errors, and explained variance in change in weight. All models are cross-validated excluding
every fourth subject. Independent variables that have a significant contribution (P < .05) to the model are labeled†. SEE: standard error
of the estimate; SECV: standard error of the cross-validation. (b) Regression equations, standard errors, and explained variance in change
in cardiorespiratory fitness. All models are cross-validated excluding every fourth subject. Independent variables that have a significant
contribution (P < .05) to the model are labeled†. SEE: standard error of the estimate; SECV: standard error of the cross-validation.

(a)

Regression equation (standardized) Regression equation (actual) SEE SECV R2 Adj R2

Men

Model 1
21.60 − 1.17∗ Age − 2.28 ∗ Baseline
BMI − 1.10 ∗ Baseline VO2max

21.60− 0.14∗ Age − 0.50 ∗ Baseline
BMI − 1.62 ∗ Baseline VO2max

7.17 8.68 0.193 0.092

Model 2 2.620− 0.03∗ Duration 5.76 5.62 0.478 0.412

Model 3
41.30− 4.15∗ Duration†− 2.82 ∗
Intensity†

41.30− 0.02∗ Duration − 3.00 ∗
Intensity

5.30 5.45 0.558 0.502

Model 4
68.40− 1.18∗ Age†− 2.29 ∗ Baseline
BMI†− 1.11 ∗ Baseline VO2max− 3.72 ∗
Duration†− 2.53 ∗ Intensity†

68.40− 0.14∗ Age − 0.50 ∗ Baseline
BMI − 1.62 ∗ Baseline VO2max− 0.02 ∗
Duration − 2.69 ∗ Intensity

4.41 5.86 0.694 0.656

Women

Model 1
10.60− 0.11∗ Age − 3.19 ∗ Baseline
BMI† + 0.99 ∗ Baseline VO2max

10.60− 0.01∗ Age − 0.60 ∗ Baseline
BMI + 2.40 ∗ Baseline VO2max

6.38 7.85 0.208 0.173

Model 2 −7.43− 0.01∗ Duration 6.88 7.04 0.040 0.000

Model 3 0.95− 1.57∗ Duration†− 0.89 ∗ Intensity
0.95− 0.01∗ Duration − 0.56 ∗
Intensity

6.96 7.38 0.056 0.015

Model 4
33.40− 0.96∗ Age − 3.97 ∗ Baseline
BMI† + 2.00 ∗ Baseline VO2max− 2.84 ∗
Duration†− 1.17 ∗ Intensity

33.40− 0.11∗ Age − 0.74 ∗ Baseline
BMI + 4.84 ∗ Baseline VO2max− 0.02 ∗
Duration − 0.72∗ Intensity

5.83 8.19 0.368 0.310

(b)

Regression equation (standardized) Regression equation (actual) SEE SECV R2 Adj R2

Men

Model 1
0.88 + 0.56∗ Age†− 0.14 ∗ Baseline BMI −
0.55 ∗ Baseline VO2max

†
0.55 + 0.04∗ Age − 0.02 ∗ Baseline
BMI − 0.49 ∗ Baseline VO2max

0.56 0.58 0.404 0.165

Model 2 −5.24 + 0.39∗ Intensity 0.56 0.62 0.145 0.002

Model 3 −8.85 + 0.10∗ Duration + 0.38 ∗ Intensity†
−5.47 + 0.00∗ Duration + 0.39 ∗
Intensity

0.61 0.59 0.156 0.015

Model 4
−19.00 + 0.73∗ Age† + 0.33 ∗ Baseline
BMI†− 1.01 ∗ Baseline VO2max

† + 0.09 ∗
Duration + 0.71 ∗ Intensity†

−11.7 + 0.05∗ Age + 0.04 ∗ Baseline
BMI − 0.90 ∗ Baseline VO2max + 0.00
∗ Duration + 0.72 ∗ Intensity

0.35 0.62 0.816 0.677

Women

Model 1
3.46− 0.15∗ Age† + 0.14 ∗ Baseline BMI −
0.63 ∗ Baseline VO2max

†
1.51− 0.01∗ Age + 0.01 ∗ Baseline
BMI − 0.66 ∗ Baseline VO2max

0.36 0.41 0.342 0.310

Model 2 −2.39 + 0.18∗ Intensity 0.35 0.34 0.375 0.344

Model 3 −4.86− 0.12∗ Duration + 0.58 ∗ Intensity†
−2.12− 0.00∗ Duration + 0.17 ∗
Intensity

0.36 0.36 0.367 0.336

Model 4
−3.93− 0.15∗ Age + 0.25 ∗ Baseline BMI†−
0.47 ∗ Baseline VO2max

† + 0.12 ∗ Duration +
0.56 ∗ Intensity†

−1.71− 0.01∗ Age + 0.02 ∗ Baseline
BMI − 0.50 ∗ Baseline VO2max + 0.00
∗ Duration + 0.16 ∗ Intensity

0.29 0.32 0.606 0.564

high compared to other prospective studies, where explained
variances in weight change are in the range of 12 to 38%
[10, 41, 42]. However, the residuals are substantial in all
models for both genders, indicated by the SEEs of ∼6 kg
for weight and 0.3–0.6 L/min for VO2max. Therefore, care
should be taken to ensure the ethical use of such models
in clinical settings. Although selection strategies may ensure
more effective use of limited resources [43], we believe
individuals in need of essential healthcare who are found to

have a low probability of success should not be given less
attention and followup based on such predictions.

If the dissimilar responses to PA between genders are
accurate, tailoring the content and focus of lifestyle treatment
programmes to men and women may improve the rate of
treatment success. It can be argued that men and women in
our sample used different strategies to lose weight because
PA explains 55.8 versus 5.6% of the changes in body weight
for men and women, respectively, whereas both genders lose
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Table 3: Correlation matrix between independent and dependent variables in the regression analyses for men (n = 8–10) in the lower left
corner and women (n = 22–25) in the upper right corner (Pearson r (P value)). BMI: body mass index; VO2max: estimated maximal oxygen
consumption.

Age Baseline BMI Baseline VO2max PA duration PA intensity Change in weight Change in VO2max

Age 1 −0.15 (.467) −0.40 (.064) −0.08 (.696) −0.48 (.014) −0.01 (.947) −0.12 (.605)

Baseline BMI 0.11 (.755) 1 0.14 (.549) −0.20 (.349) −0.02 (.945) −0.42 (.039) 0.11 (.632)

Baseline VO2max 0.45 (.224) 0.35 (.350) 1 0.29 (.189) −0.18 (.416) 0.14 (.526) −0.49 (.019)

PA duration 0.32 (.372) 0.13 (.725) 0.33 (.384) 1 −0.19 (.362) −0.19 (.372) −0.12 (.584)

PA intensity −0.22 (.541) −0.15 (.671) −0.21 (.589) 0.26 (.471) 1 −0.11 (.605) 0.61 (.003)

Change in weight −0.22 (.545) −0.43 (.218) −0.24 (.532) −0.69 (.027) −0.45 (.195) 1 −0.24 (.274)

Change in VO2max 0.26 (.527) −0.21 (.613) −0.41 (.313) 0.10 (.809) 0.39 (.340) 0.03 (.951) 1

the same amount of weight. In other words, factors other
than PA may cause the weight reduction in women and
might not benefit men equally. Although we have no measure
of the diet component of this lifestyle intervention, we can
speculate that women relied more on changes in eating to
regulate energy balance, than men did. As the literature
suggests [44, 45], women may have a closer regulation of
appetite than men in short periods of increased energy
expenditure, which leads to a partial compensation for the
negative energy balance. This would influence weight change
in our study and may imply that women should increase
their PA level together with having a strict diet. This finding
is also in line with results showing an interaction between
PA and diet for women such that PA was only beneficial
when performed together with changes in diet [10]. Hence,
women should be advised to increase their PA level and to
make dietary changes. Moreover, PA intensity is important
to increase CRF. Thus, we recommend that PA should be
an important part of lifestyle treatment programmes for
severely obese subjects of both genders.

4.4. Strengths, Limitations, and Suggestions for Further Re-
search. The present study has several limitations. First, as the
sample was small, relationships may be made spurious by low
representativeness or by increasing the influence of specific
cases or outliers in the data. However, all regression models
were cross-validated, with minor changes made to the stand-
ard errors. Second, as weight regain following weight loss is
very common, the 10-month followup in the present study
may not have been long enough to determine the clinical
importance of our results. However, PA is consistently seen
as a predictor of weight maintenance [46, 47], so its ef-
fect could become more important over time. Third, as
precise measures are important to reveal true relationships,
the measures used could undermine our conclusions. In
particular, body weight has low sensitivity to changes in
fatness after PA interventions. Because PA stimulates muscle
hypertrophy, decreases in fat mass may be masked [48, 49].
Furthermore, self-report measures show large deviations
compared to objective measures of PA [50]. However, as no
gold standard exists, PA measurement remains a topic for
debate. There is no evidence, as far as we know, that these
measures have less reliability in obese subjects than in other
subjects.

While our use of training diaries may be a limitation
as discussed above, it may also be a strength. We calculated
PA duration and intensity as the mean for at least seven of
the ten months of followup, thereby avoiding variation in
PA from week to week and during seasons as a source of
error. This variation could be a serious threat to studies
where PA levels are measured for single points in time, as
illustrated by correlations ranging between r = −0.43 and
0.00 between PA duration for each of the ten months and
total weight change in the present study. Finally, the lack of
diet as a research measure, one of the two main components
determining energy balance, constitutes a limitation for the
prediction of changes in weight.

Due to the methodological weaknesses described above,
our results are preliminary. Further research examining PA
and CRF in severely obese subjects undergoing lifestyle
treatment should include objective measures to determine
PA level and direct measurements of CRF (i.e., by measuring
oxygen consumption and/or by performance tests). Further-
more, results should be reported for men and women separa-
tely. Finally, comprehensive studies including both objective
and subjective measures of health should be conducted, and
relationships with PA and CRF should be determined.

5. Conclusion

This study showed beneficial changes in weight and CRF for
severely obese subjects undergoing lifestyle treatment. Indi-
vidual variation in outcomes was large, and PA was related
differently to changes in weight and CRF between men and
women. Further research is needed to determine the effects
of PA in severely obese subjects. Until then, it is reasonable to
state that more PA is better.
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Firefighting is a very hazardous occupation, and strenuous fire duties require high levels of physical fitness. In the general adult
population, cardiorespiratory fitness (CRF) declines with aging. We sought to investigate the effect of increasing age on CRF in
male career firefighters as well as the modifying effects of physical activity and adiposity. We cross-sectionally examined 804 male
career firefighters from two Midwestern states. CRF was determined from symptom-limited maximal treadmill exercise testing in
metabolic equivalents (METS) following the Bruce protocol. Physical activity self-reports were extracted from responses to a health
and lifestyle questionnaire. We found as expected that CRF declines with advancing age; however, the decline is greatly attenuated
among leaner firefighters who report more physical activity. Furthermore, in a linear regression model including age, BMI, and
variables describing physical activity behaviors, we could predict CRF (R2 = 0.6286). The total weekly duration of aerobic exercise
as well as the duration of weight lifting sessions both had significant impacts on age-related decline. We conclude that firefighters
are more likely to maintain the high levels of CRF needed to safely perform their duties if they engage in frequent exercise and
maintain healthy weights.

1. Introduction

Cardiorespiratory fitness (CRF) declines with aging in the
general population. A decrement in VO2max (mL/kg/min)
of about 1.6% per year in both men and women has been
described [1].

Similarly, among untrained individuals, a decline in peak
VO2 of 5–10% per decade of life has been observed [2]. Low
CRF is an important risk factor for the development of obe-
sity, hypertension, and other cardiovascular risk factors as
well as coronary heart disease, stroke, loss of independence,
and premature mortality [1, 3–6], which all increase with
advancing age.

Firefighting is known to be a dangerous occupation
that is physically demanding. However, inadequate physical
activity makes firefighters prone to increased obesity and the
metabolic syndrome. Obese firefighters are more susceptible
to gain further weight [7] and associated with decline in
health status [7, 8]. We have shown previously that low phys-
ical activity and CRF are associated with unfavorable CVD
risk profiles as well as higher prevalence of the metabolic
syndrome (MetSyn) [9–11].

Many US firefighters receive medical- and physical-
abilities testing at the beginning of their professional careers
and no subsequent formal reassessment over a 20–30-year
work span [12]. Nonetheless, older firefighters are expected
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to be able to perform the same essential job functions as
young recruits. Studies of simulated firefighting tasks suggest
that the minimum aerobic capacity as measured by oxygen
consumption (VO2) necessary to safely perform firefighting
duties ranges from 33.9 to 45 mL/kg/min (9.7–12.8 METS;
1 MET = 2.5 mL/kg/min) [13, 14]. Therefore, all firefighters
should continue to require such relatively high aerobic
capacities in order to safely perform their duties regardless
of their age. Thus, this study focused on describing CRF
across different age categories among professionally active
career firefighters. Furthermore, we sought to determine
effect modification by physical activity and BMI levels across
different ages groups. We hypothesized that leaner and more
active firefighters would be more likely to maintain higher
aerobic capacities regardless of their age.

2. Methods

2.1. Study Population. Eligible male career firefighters,
between 18 and 59 years of age were recruited from 10
fire departments in two Midwestern states. Inclusion criteria
included having completed a maximal exercise test during
the course of a fire department-sponsored medical exami-
nation, no work restrictions at examination, and completing
the study questionnaire. Excluded subjects failed to meet one
or more of the above criteria or had undergone the index
exercise tests for the evaluation of symptoms, retirement
pensions, disability, and/or exit examinations. The study was
approved by the IRB of Harvard School of Public Health
and local IRBs as appropriate, and all participants signed an
informed consent.

2.2. Assessment of Cardiovascular Risk Factors. Height was
measured in the standing position with a clinic stadiometer.
Body weight was measured with bare feet and in light clothes
on a calibrated scale. Body mass index (BMI) was calculated
as the weight in kilograms divided by the square of height
in meters. BMI values were also categorized according to the
World Health Organization (WHO) classification.

2.3. Cardiorespiratory Fitness. CRF was determined from
symptom-limited maximal treadmill exercise testing with
ECG monitoring following the Bruce protocol. The partici-
pants were encouraged to continue exercise until volitional
exhaustion, even after exceeding 85% of their maximum
predicted heart rate defined as 220 minus age. Accordingly,
the cohort achieved an average of 97.9% (SD 6.6) of maximal
age-predicted heart rate on these tests. During the exercise
test, total treadmill time was recorded in minutes and
seconds, and then seconds were converted to fractional
minutes by dividing by 60 (e.g., 8 minutes 30 seconds = 8.50
minutes). CRF was then estimated according to a widely used
formula for VO2max estimation and the Bruce protocol:

VO2 max
(
mL/kg/ min

) = 14.76− (1.379× T)

+
(
0.451× T2)− (0.012× T3),

(1)

For details on the equation see [15], “T” represents “total
exercise tolerance test time” (measured in minutes). Finally,
CRF estimates in maximal METS were derived by dividing
the VO2max estimates by 3.5 as per the standard conversion
factor.

2.4. Assessment of Physical Activity (PA). Self-reports of PA
were extracted from responses to a health and lifestyle
questionnaire as previously described from our group [11].
Briefly, consented study participants were given standardized
written instructions for completing the multiple-choice
survey regarding eating, health, exercise, sleep, and work
habits as honestly and as best as they could. They were also
informed that the completed questionnaires would be confi-
dential and would not become part of their fire department
or medical record. The answers to four selected multiple-
choice questions about involvement in sports and exercise
were analyzed here: (1) “Most weeks, I exercise . . . . (include
home/work/gym & elsewhere)”; (2) “Most times that I do
cardio or aerobic exercise (e.g., jogging, brisk walking, bike,
treadmill, etc.), I do an average of . . . each session”; (3) “Most
times that I lift weights or do strength training, I do . . .
on average each session”; (4) “Most times that I exercise, I
sweat . . . on average each session”. Additionally, as described
previously an additional variable was calculated to evaluate
the combined effects of PA frequency and PA aerobic or
cardiosession duration as total weekly aerobic exercise. Each
of the six original alternatives in the frequency and aerobic
session duration dimension questions received a numerical
value equivalent to the middle point of the range of each
response choice. Thus, a value of 2.5 times per week was
assigned to the frequency response of 2-3 times per week, 3.5
for 3-4 times per week, and so on. The same methodology
was applied to the duration responses: 22.5 minutes was
assigned for 15 to 30 minutes, 37.5 minutes for durations
of 30 to 45 minutes, and so on. Subsequently, the resulting
frequency and duration values were multiplied to estimate
total weekly exercise in minutes per week.

2.5. Statistical Analysis. Baseline characteristics were de-
scribed using the mean (SD) in the case of quantitative
variables and the frequency in case of categorical variables.
Group comparisons were calculated using ANOVA. Linear
models and logistic regression models were used to adjust for
other variables.

The prediction model for CRF was constructed by
dividing the whole dataset at random into a “training” (or
analyzed) (n = 405) subgroup and a “testing” (or validation)
(n = 399) subgroup. A linear regression model was used to
assess the coefficients for the included variables in the train-
ing subsets. To assure linear correlations between outcome
and covariates, all covariates were also included additionally
as squared variables. After backwards elimination of non-
significant squared variables only the squared term for the
total weekly exercise duration remained in the final model.

The final model derived from the training set was then
used in the testing dataset to predict CRF and compare it
to actual peak CRF values measured in the clinic. Pearson’s
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Figure 1: Cardiorespiratory fitness across different age categories
and stratified by BMI categories.

correlation coefficient and scatter plots were used to compare
the predicted values from the model with the actual observed
values in the testing dataset.

Analyses were performed using SAS 9.2 (SAS Institute
Inc., Cary, NC, USA). All tests presented are two-sided, and
a P value < 0.05 is considered significant.

3. Results

Table 1 describes the baseline fitness and PA characteristics
of our cohort (Table 1). Most of the firefighters are under 40
years of age, with 40% between the age of 30 and 39. Nearly
half of the study population is overweight (25 ≤ BMI < 30),
and 36% are obese (BMI ≥ 30). The estimated total weekly
exercise duration of the cohort is 102.5 minutes (SD 86.9)
(Table 1).

Maximal achieved METS—across increasing age and
stratified by different BMI categories—are presented in
Figure 1. CRF declined over the different age categories in
each of the BMI groups, though the lines for the three BMI
groups are clearly separated with the normal BMI group
demonstrating the highest CRF and the obese group demon-
strating the lowest CRF. A similar relationship between CRF,
BMI, estimated duration of weekly exercise, and different age
categories is illustrated in Figure 2. The trajectory of CRF
in firefighters who are obese and exercise little starts and
finishes much lower in comparison to leaner colleagues who
exercise more.

The predicted relationship between CRF over the career
span depending on different BMI categories and weekly exer-
cise duration pattern is illustrated in Figure 3. Even in two
hypothetical situations where BMI is the same, firefighters
who exercise more have less decrement in fitness levels.

The linear regression model predicting CRF in the
training set of our cohort is presented in Table 2. Age, BMI,
total weekly aerobic duration (singular and squared), and

Table 1: Baseline characteristics (n = 804).

Age mean (SD) 37.4 (8.4)

BMI mean (SD) 29.3 (4.4)

CRF (maximal METS) mean (SD) 10.7 (2.0)

Cardio exercise per session n(%)

None 44 (5.5)

<15 minutes 74 (9.3)

15–30 minutes 340 (42.8)

30–45 minutes 228 (28.7)

45–60 minutes 67 (8.4)

>60 minutes 41 (5.2)

Minutes of weight training per session n(%)

None 88 (11.0)

<15 minutes 106 (13.3)

15–30 minutes 228 (28.6)

30–45 minutes 178 (22.3)

45–60 minutes 106 (13.3)

>60 minutes 91 (11.4)

Intensity of training n(%)

Do not exercise often 28 (3.5)

Light sweat 146 (18.4)

Moderate sweat 445 (56.0)

Heavy sweat 176 (22.1)

Weekly exercise frequency n(%)

Never 34 (4.3)

1 or less 96 (12.1)

2-3 244 (30.6)

3-4 246 (30.9)

5-6 132 (16.6)

Every day 44 (5.5)

Estimated total weekly duration mean (SD)
(in minutes)

Tertile one 30.7 (23.2)

Tertile two 94.6 (18.7)

Tertile three 195.2 (81.3)

Estimated total weekly exercise duration
mean (SD)

102.5 (86.9)

BMI (body mass index), CRF (cardiorespiratory fitness), SD (standard de-
viation).

duration of weight lifting each week produced statistically
significant P values to estimate maximal achieved fitness.
Every unit increase in age leads to a decline in METS of
−0.05886 times age after adjusting for all the other factors in
the model.

The calculated estimates were evaluated in a testing set,
and the Pearson’s correlation coefficient was computed to
be 0.6286. The correlation between the estimated and actual
CRF is displayed in a scatter plot (Figure 4). The mean,
maximum, and minimum values of the actual observed
METS and of the predicted METS based on the model are
shown in Table 3.
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4. Discussion

As expected we found an age-related decline of CRF in our
cohort of male career firefighters.

However, the starting, intermediate, and final points
for CRF across the career span differ markedly according
to the firefighters-measured BMI and self-reported physical
activity. While obese firefighters had lower CRF values
across the age spectrum compared to normal weight subjects
(Figure 1), physical exercise attenuates the decline (Figure 2).
Additionally we have demonstrated that CRF can be pre-
dicted with a high correlation coefficient including age, BMI,
and variables describing physical fitness habits in the model.

Table 2: Linear regression model describing Cardiorespiratory
fitness (maximal achieved METS) (in randomly assigned training
set n = 405).

Variable Parameter estimate Standard error P value

Age −0.05886 0.01031 <0.0001

BMI −0.21131 0.01994 <0.0001

Total weekly duration 0.00845 0.00232 0.0003

Total weekly duration
squared

−0.00001297 0.000000569 0.0233

Duration of weight
lifting

0.18937 0.06393 0.0032

Intensity of exercise 0.21331 0.12362 0.0878
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Figure 4: Scatter plot of predicted Cardiorespiratory fitness
compared to actual values in the testing set.

Table 3: Estimated Cardiorespiratory fitness (maximal achieved
METS) and actual maximal METS in testing set (n = 399).

n mean (SD) Minimum Maximum

Max. METS 386 10.56363 (1.87003) 3.90317 19.01499

Estimated
max. METS

384 10.59689 (1.37406) 6.39852 13.84193

Based on our results, albeit cross-sectional, much of
the age-related decline in CRF is potentially preventable by
maintaining high levels of physical activity and a healthy
BMI. The ability to modify aging related declines in CRF is
especially important among firefighters who are so depen-
dent on their maximal oxygen consumption in order to
safely perform their duties, and as a profession, it has car-
diovascular events as the leading cause of on-duty death.

Unpredictable bouts of strenuous activity in otherwise
sedentary individuals are a known precursor or acute coro-
nary events [16], as well as periods of emotional stress [17].
Firefighters are much more likely to experience cardiovascu-
lar disease (CVD) events during periods of alarm response of
fire suppression/active firefighting than during other duties
at the firehouse [18].
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In the general population the longitudinal decline in peak
maximal oxygen consumption is not linear across the age
span but accelerates markedly especially in men [2]. This
nonlinear decline accelerates especially after 45 years of age
[19]. In our cohort, especially in firefighters among higher
age groups, the cross-sectional age-related decline in CRF
seems to be more prominent.

4.1. Strength of the Present Study. A particular strength of the
present study was the large sample size which allowed for
adequate power and adjustment for confounders. BMI was
calculated from measured weight and height in bare feet and
light clothes during medical examinations, which avoided
self-reporting biases towards lower weights and taller heights
and other misclassification.

4.2. Limitations of the Present Study. Our study does have
some modest limitations, including the cross-sectional
design, which does not allow us to establish causation.
Because of the very small number of female career fire-
fighters, we limited our investigation to male firefighters.
We have evaluated physical activity through a questionnaire,
which can lead to overestimation of underlying activity
levels. However, in our investigation this results in even more
conservative findings, that is, would tend to overestimate PA
among those with low fitness and lower the effects of PA
on CRF. A minor limitation regards the use of a maximal
treadmill test without expired gases using peak METS as the
outcome estimates true VO2max, while a measured VO2max,
using expired gases, would have been considered the “gold
standard”. Furthermore, the prediction model derived from
our cohort study will have to be tested in other cohorts.

5. Conclusion

CRF in career male firefighters is significantly reduced
with increasing age. The age-related decrements in CRF,
however, are highly dependent on firefighters’ BMI and
physical exercise habits. Firefighters who are fitter and leaner
have higher baseline CRF and attenuated CRF decrements.
Our investigation supports the importance of measuring
CRF, physical activity and parameters of body composition
and cardiovascular health at the entry—and at regular
time points—throughout a firefighter’s career. This would
most probably be a valuable tool in preventing the above
described excessive decline in CRF with increasing age of the
individual firefighter. Furthermore, especially in a profession
where preservation of high fitness levels is imperative
for firefighters—as well as public safety—fire departments
should emphasize the maintenance of frequent physical
activity as well as maintaining a healthy weight.
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The hemodynamic responses to exercise have been studied to a great extent over the past decades, and an exaggerated blood
pressure response during an acute exercise bout has been considered as an indicator of cardiovascular risk. Obesity is a major
factor influencing the blood pressure response to exercise since evidence indicates that the arterial pressure response to exercise is
exacerbated in obese compared with lean adults. Signs of augmented responses (such as an exaggerated blood pressure response) to
physical exertion appear early in life (from the prepubertal years) in obese individuals. Understanding the mechanisms that drive
the altered hemodynamic responses during exercise in obese individuals and prevent the progression to hypertension is vitally
important. This paper focuses on the evidence linking obesity with alterations of the autonomic nervous system and discusses
the potential mechanisms and consequences of the altered sympathetic nervous system behavior in obese individuals at rest and
during exercise. Furthermore, this paper presents the alterations in the reflex regulatory mechanisms (“exercise pressor reflex” and
baroreflex) in obese children and adults and addresses the effects of training on obesity-related disturbances.

1. Introduction

The hemodynamic responses to exercise have been exten-
sively studied over the past decades. An exaggerated blood
pressure response during an acute dynamic exercise bout
(defined as an increase in systolic blood pressure from rest
of >10 mmHg per metabolic equivalent or a diastolic blood
pressure change of >10 mmHg at any workload) [1] has been
considered as an indicator of cardiovascular risk [2–6]. Miyai
et al. [7] showed a significant and independent threefold
higher risk for future hypertension in middle-aged nor-
motensive men with a disproportionate exercise response. A
consistent relationship between resting blood pressure and
blood pressure decline during postexercise recovery has also
been reported [8–10]. Factors that have been accounted to
influence the arterial pressure responses to exercise include
resting arterial pressure levels, age, gender, ethnicity, family
history of hypertension, and other genetic factors, hyper-
lipidemia, and obesity and physical fitness levels [11–13]. In

fact, obesity is a major factor influencing the blood pressure
response to exercise since evidence indicates that the arterial
pressure response to exercise is exacerbated in obese com-
pared with lean adults. Signs of altered responses to physical
exertion, such as augmented blood pressure response or a
chronotropic incompetence appear early in life (from the
prepubertal years) in obese individuals [14, 15]. Understand-
ing the mechanisms that drive the altered hemodynamic
responses during exercise in obese individuals and prevent
the progression to hypertension is vitally important.

The present paper will focus on the evidence linking
obesity with alterations of the autonomic nervous system and
discuss the potential mechanisms and consequences of the
altered sympathetic nervous system (SNS) behavior in obese
individuals at rest and during exercise. First, the mechanisms
and reflexes mediating the blood pressure responses to
exercise will be introduced. Next, the SNS behavior in obese
individuals at rest and the consequences of alterations in SNS
behavior to the blood pressure response during exercise will
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be presented. Alterations in the reflex regulatory mechanisms
(such as the “exercise pressor reflex” and baroreflex) in obese
children and adults will also be addressed. Finally, we will
conclude with studies examining the effects of training on
these obesity-related disturbances and future research rec-
ommendations.

2. Mechanisms Mediating Blood Pressure
Responses to Exercise

Neural control of the circulation during exercise is a mul-
tifactorial phenomenon involving higher brain centers and
peripheral reflexes (Figure 1). During exercise, descending
signals from a network of higher cerebral regions, from the
caudal diencephalon to the rostral mesencephalon, including
the ventral tegmental area [16, 17] (termed as “central com-
mand”), result in parasympathetic and sympathetic adjust-
ments [18]. In addition, neural signals from peripheral af-
ferents originating from the arterial baroreceptors (termed
as “arterial baroreflex”) [19] and from the skeletal muscle
[20, 21], result in changes in the autonomic outflow. This
system mediates the characteristic adjustments to exercise by
controlling heart rate, stroke volume, vascular resistance, and
thereby, maintaining blood pressure [22, 23].

Central command has been defined as a “feedforward”
mechanism capable of activating simultaneously two sep-
arate networks, the motor and the cardiovascular control
center. Central command is very important at the onset of
exercise for initiating a basal level of autonomic activity and
can be dictated, at least partially, by the individual’s percep-
tion of effort [24, 25]. Central command plays an important
role in the resetting of arterial baroreflex during exercise
[26]. This effect appears to be mediated via vagal withdrawal
coupled to the increase in exercise intensity.

On the other hand, “feedback” mechanisms, consisting
of receptors within the exercising muscle, activate afferent
nerves, and induce circulatory and respiratory adjustments
to provide sufficient blood flow and remove the metabolic
byproducts of the working muscle. This neural mechanism
arising from the mechanical and chemical receptors within
the muscle is termed the “exercise pressor reflex” [18, 21, 27].
The mechanical receptors are composed mainly by group
III afferents which discharge early at the onset of contrac-
tion (mechanoreflex), whereas the metabolic receptors are
composed mainly by group IV afferents that discharge later
(with a latency of 5–60 seconds) with the accumulation of
metabolites.

Bradykinin, K+, arachidonic acid, analogues of ATP, di-
protonated phosphate, and prostaglandins are some of the
substances that have been reported to activate the nerve
endings in the skeletal muscle and blood vessels [20, 21, 28].
Lactic acid has also been considered as a metabolic stimulus
to group IV muscle afferents [29, 30]. Injection of lactic
acid into the skeletal muscle artery has been shown to
evoke reflex increases in arterial pressure that mimic those
occurring during static exercise, whereas, injection of sodium
lactate at a neutral pH failed to evoke a similar effect [31].
However, the demonstration that lactic acid elicits an exercise
pressor reflex has been difficult since its receptor on thin
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Figure 1: During exercise, neural signals originating from higher
cerebral regions (1) and peripheral afferents from arterial barore-
ceptors (2) and the skeletal muscle (“exercise pressor reflex”, 3
& 4) result in parasympathetic and sympathetic adjustments (5).
Consequently, mean arterial pressure rises (6). HR: Heart Rate; SV:
Stroke Volume; TPR: Total Peripheral Resistance.

afferents (group II and IV) has not been clearly identified.
Recently, a direct effect of protons (H+) on the muscle
receptor itself has been suggested [32] and the acid sensing
ion channel (ASIC) was shown to play a role in evoking
the metabolic component of the exercise pressor reflex [33].
The hemodynamic consequence of mechanometaboreflex
activation is a rise in mean arterial blood pressure [21].

Alterations in the reflex regulatory mechanisms of arte-
rial pressure and sympathetic system disturbances have been
reported in obese individuals and have been associated with
the increased prevalence of hypertension and cardiovascular
disorders in obesity. The mechanisms underlying the altered
blood pressure responses in obese individuals have not been
completely identified. Methodological refinements in the
assessment of sympathetic autonomic drive throughout the
years have allowed a better understanding of the role of the
sympathetic nervous system in the development of obesity-
induced hypertension.

3. Methods of Assessing Autonomic Nervous
System Behavior

Over the years, different methodological approaches have
been used to study the autonomic system behavior in obese
individuals. The techniques currently applied for studying
sympathetic activity in humans are (i) regional nore-
pinephrine spillover, which measures the amount of nore-
pinephrine released from sympathetic terminals from the
coronary sinus or the renal veins using a radiotracer infusion,
such as tritiated norepinephrine, and sampling of blood
from the venous drainages of interest, using a central venous
catheter, (ii) clinical microneurography, which measures
postganglionic sympathetic nerve firing rates, bursts, in
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subcutaneous nerves either of skin or skeletal muscle [34],
(iii) several types of radio scanning imaging (such as positron
emission tomography and single photon emission scanning),
and (iv) indirect hemodynamic techniques, using blood
pressure and heart rate in the assessment of sympathetic and
vagal activity (such as heart rate variability, blood pressure
variability, and baroreflex sensitivity measures). The first two
methods described, that is, the isotope dilution methodology
and sympathetic nerve recording techniques, quantify neu-
rotransmitter release and are considered gold standards for
assessing regional sympathetic nervous function in humans
[35]. Skeletal muscle sympathetic nerve activity (MSNA)
provides valuable information on sympathetic nerve activity
at the muscle level and is an online dynamic assessment,
which is highly reproducible in humans. However, MSNA
does not give access to the sympathetic nerves of internal
organs as the rate of spillover of norepinephrine. Ideally,
combining measures of cardiac norepinephrine spillover
with electrical activity of the cardiac sympathetic nerves
would have yielded very conclusive evidence. However, since
both techniques are invasive, simultaneous experimentation
is very difficult and the information provided is restricted
to laboratory environment. Therefore, other noninvasive
techniques such as analysis of heart rate variability (based
on mathematical models of variations in heart rate) are
also available to determine the balance between cardiac
sympathetic and vagal activity. Although these noninvasive
methods have a number of methodological limitations that
should be considered, as described by the Task Force of the
European Society of Cardiology and the North American
Society of Pacing and Electrophysiology [36], they can be
employed complementary to the other methods or in studies
involving healthy participants (including children). Recent
advantages in heart rate variability calculation methods, such
as geometrical and graphical representation (as the Poincaré
plot) [37] are gaining increasing interest and can be used
during exercise, since they do not require stationarity of data
that was required in the time domain analysis of heart rate
variability.

4. Sympathetic Nervous System Behavior in
Obese Individuals at Rest:
Sympathetic Underactivity versus
Sympathetic Overactivity

Until recently, the relationship between obesity and SNS
behavior has been controversial, since a number of studies
suggested that low SNS was causal in the development of
obesity [38, 39], while others, claimed that obesity was
associated with high SNS behavior [40]. The reasons for these
discrepancies include methods of SNS assessment as well
as, the target organ examined, as SNS activity demonstrates
regional specificity and thus, SNS outflow to one organ may
not be similar to SNS outflow targeting other organs.

In individuals with obesity, whole body norepinephrine
spillover rate (an indication of an overall sympathetic activ-
ity) has been reported similar to that in lean individuals [41,
42]. However, studies assessing cardiac SNS activity by the

cardiac norepinephrine spillover rate have reported lower
spillover rate (by approximately 50%) at the heart level in
obese adults compared with nonobese normotensive adults,
whereas renal SNS activity has been reported higher (double
spillover rate of norepinephrine) in obese compared with
their nonobese normotensive counterparts [41, 42]. Reduced
norepinephrine spillover has been also suggested in white
adipose tissue of obese individuals [43].

Direct recordings of efferent postganglionic muscle sym-
pathetic nerve traffic via microneurography (muscle MSNA)
have conclusively documented that obese individuals exhibit
a noticeable increase (by as much as a twofold increase) in
MSNA compared with nonobese adults during rest [44].
Visceral fat, independently of total body fat was correlated
with increased basal MSNA, linking the altered SNS response
with body fat distribution [45, 46]. Increased visceral fat and
elevated MSNA have also been implicated in the develop-
ment of obstructive sleep apnea in obese adults [47–51].

Potential mechanisms for the increased SNS activity
in obese individuals include hyperinsulinemia [52, 53],
hyperleptinemia [34], activation of the renin-angiotensin-
aldosterone system [54–56], and mitochondrial dysfunction
[57, 58]. Altered neurohumoral signals arising from the
hypothalamic pituitary adrenal axis, as well as increased ad-
ipokines (adiponectin, ghrelin) [49], and dyslipidemia [59],
can also be contributing factors to the observed SNS distur-
bances [34, 60, 61]. The “neurogenic” hypothesis of obesity
has been previously reviewed [42, 59, 62]. Therefore, in
this brief review we will next discuss recent findings on the
alterations of reflexes controlling the blood pressure response
during exercise in obese humans.

5. Sympathetic Nervous System Behavior in
Obese Individuals during Exercise

In obese individuals, skeletal muscle sympathetic nerve hy-
peractivity is evident at rest [63]; however, during phys-
iological stimuli, a reduced SNS responsiveness has been
observed [64]. During sympathoexcitation induced by a
cold pressor test, forearm vascular resistance (assessed by
venous occlusion plethysmography) has been reported sig-
nificantly higher in obese women compared with lean
women; however, blood pressure and heart rate (monitored
noninvasively by finger photoplethysmography on a beat by
beat basis) similarly increased in obese and lean individuals
[65]. Although in the latter study MSNA was higher in the
obese than the lean group, the magnitude of the MSNA
response was similar between the two groups. Negrão et al.
[64] showed that normotensive obese women had enhanced
resting MSNA and lower forearm blood flow than lean
women [65]. During isometric handgrip exercise at 10% of
the maximum voluntary contraction (MVC), when central
command and mechanoreceptors are the main contributors
to pressure response, the MSNA adaptation to exercise was
found to be similar in obese and in lean individuals,
although the absolute levels of MSNA were found higher in
obese individuals. However, during 30% MVC, when central
command, mechanoreceptors, and metaboreceptors are acti-
vated, the MSNA exercise adaptation was found to be blunted
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Figure 2: Alterations in the control of blood pressure during
exercise in obese individuals: the baroreflex is less sensitive to
stimulation (i.e., exercise) and the metaboreflex is blunted. Mechan-
ically sensitive afferent neurons may therefore undergo functional
changes to compensate for the reduced metaboreflex. These alter-
ations may promote chronic adjustments in peripheral vascular
resistance, precipitate fatigue during exercise and delay vasodilata-
tion during exercise recovery. HR: Heart Rate; SV: Stroke Volume;
TPR: Total Peripheral Resistance.

in obese women, suggesting that selective activation of meta-
boreceptors during exercise is impaired in obese females.
This view was further explored by isolating the metaboreflex
response by postexercise occlusion. During posthandgrip
circulatory arrest, when the mechanoreflex and the central
command are no longer active, the MSNA responses were
blunted in normotensive middle-aged obese compared with
lean females [64]. These findings imply that mechanically
sensitive afferent neurons may undergo functional changes
to compensate for the reduced metaboreflex and result in an
increase in mean arterial pressure. During exercise of higher
intensity, the mechanoreflex may not be able to compensate
for the blunted metaboreflex, muscle perfusion might be
impaired, and fatigue may appear earlier. In fact, blunted
muscle perfusion to local dynamic exercise has been reported
in obese individuals [66]. A proposed model for the altered
exercise pressor reflex in obese individuals is presented in
Figure 2.

The mechanisms underlying the blunted metaboreflex
control in obese individuals are not entirely clear. Possibly,
the increased fat content in the skeletal muscle in obese
individuals leads to a desensitization of metaboreceptors.
The reduced skeletal muscle glucose uptake observed in
obesity [67] can also result in an attenuated level of acidosis
in the muscle during exercise, and thus, a lower activation
of metaboreceptors. A baroreflex involvement can also be
implicated to this dysfunction.

Alterations in the arterial baroreflex are linked to SNS
hyperactivity and blunted arterial distensibility [68, 69].
Reduced postexercise baroreceptor sensitivity and impaired
autonomic regulation have been associated with an atten-
uated recovery of heart rate and total peripheral resistance
following brisk walking in middle-aged obese women [10].
In a recent study, Fardin et al. [70] showed that baroreceptor
dysfunction in obese rats (exposed to a high-fat diet) was
associated with renal SNS hyperactivity. Whether this finding
extend to obese humans remains to be investigated.

Preserved blood flow (assessed by Doppler) during
dynamic steady-state forearm (20 contractions/min at 4, 8,
and 12 kg) and leg (40 kicks/min at 7 and 14 W) exercise was
found in the exercising limb in obese young healthy adults,
indicating that steady-state levels of flow can be maintained
via compensatory mechanisms [71]. However, in another
study [72], a marked impairment in rapid vasodilatation was
evident in the immediate postexercise period in obese adults
and was greater with increasing workloads (from 20–50% of
MVC). Differences in the reported results regarding blood
flow during exercise in obese individuals could be attributed
to the exercise intensity applied (similar absolute versus sim-
ilar relative workload) [72], the mode of exercise (dynamic
versus isometric), and the hormonal and metabolic profile
of the participants (healthy versus hyperinsulinemic). The
exact mechanism for the reduced postexercise vasodilatation
and the delayed decline in blood pressure in obese humans
is not clear. However, impaired potassium channel-mediated
vasodilatation has been reported in the skeletal muscle of
obese Zucker rats or hamsters [73, 74] and could be partially
involved in humans.

Signs of altered reflexes were detectable even when
normotensive obese adults (defined in studies as sys-
tolic/diastolic blood pressure <140/90 mmHg) were tested
[62], suggesting that early detection of these abnormalities
can be used as a prognostic tool. Weight loss induced
by a hypocaloric diet partially reversed the attenuated
metaboreflex response [75] and improved baroreceptor sen-
sitivity in obese normotensive individuals [63]. In addition,
weight reduction induced favorable adaptations on the
MSNA responses during mental stress in obese women
and improved forearm vascular conductance at rest [76];
however, these beneficial adaptations were only obtained
when the hypocaloric diet (600 kcal/day dietary reduction)
was accompanied by exercise training and not by a similar
dietary caloric restriction alone [76]. The diet plus exercise
training group in that study performed three 60 min exercise
sessions per week of aerobic (40 min per session) and
strengthening exercise for four months. Since both groups
exhibited a similar weight loss and changes in body com-
position were not assessed, it is not clear whether increases
in lean body mass and a greater decrease in percent body
fat resulted in the beneficial effects on MSNA and vascular
conductance. Moreover, the effects of weight loss and weight
loss maintenance on sympathetic activity might be divergent
and organ-specific adaptations might exist. Straznicky et al.
[77] showed that after weight maintenance, the beneficial
effects of weight loss on norepinephrine spillover rate
were preserved, whereas MSNA and baroreflex sensitivity
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adaptations were not maintained. Future studies should
examine the mechanisms by which exercise training exerts
advantageous alterations in the exercise pressor reflex and
investigate whether the beneficial effects on sympathovagal
control are linked to changes in body composition. The
effects of resistance training or high intensity exercise, as well
as possible gender differences in the exercise pressor reflex
and the muscle metaboreflex should also be investigated.

6. Control of Blood Pressure at Rest and during
Exercise in Obese Children

The autonomic nervous system undergoes changes from
childhood to adulthood. Body size, muscle characteristics,
energy systems involved, and arterial stiffness also change
[78–80]. Therefore, applying the information that we have
learned from studies in obese adults to studies in obese
children, might be not be appropriate. Up-to-date, only a few
studies have directly compared the blood pressure responses
and the sympathovagal involvement to the control of the
exercise pressor reflex in children and in adults. A lower
response of blood pressure (using finger photoplethysmog-
raphy) during isometric handgrip exercise and lower barore-
ceptor sensitivity has been reported in children than in adults
[81]. However, the exercise pressor reflex in that study
was examined as a whole, involving all peripheral reflexes;
therefore the role of the each of the reflexes (metaboreflex,
mechanoreflex) to the control of blood pressure in children
is not clear. Only one study [82] attempted to isolate the
exercise-induced increase in metabolite concentration (using
circulatory occlusion) to the control of blood pressure during
handgrip exercise in children and reported similar responses
in children and in adults. In the latter study, the blood pres-
sure measurements were not performed on a beat-by-beat
basis and the sympathetic/vagal involvement to the blood
pressure response was not examined. Furthermore, faster
postexercise hemodynamics have been reported in young
children compared with adolescents [83] and adults [84, 85],
linked with a faster parasympathetic outflow [81] or changes
in lean body mass and blood acidosis [83, 86].

In children, increased levels of adiposity have been par-
tially linked to autonomic nervous system dysfunction and
an increased prevalence of hypertension in adulthood [87].
Yet, the exact mechanisms by which childhood obesity leads
to hypertension remain unclear. Increased resting blood
pressure [88], reduced baroreceptor sensitivity [89], and de-
creased resting forearm blood flow have been reported from
an early stage in obese children [90]. During sympathetic
stimulation induced by isometric handgrip exercise, the arte-
rial blood pressure response has been reported similar [15]
or higher [88] in obese compared with lean aged-matched
children. Differences in reported blood pressure responses
could be partly or collectively explained by (i) basal blood
pressure differences, (ii) variations in body fat distribution
[91], (iii) differences in participants’ age, since cardiovagal
autonomic function undergoes a gradual maturation during
childhood [92], and (iv) method of blood pressure measure-
ment (continuous beat-by-beat finger photoplethysmogra-

phy, or intermittently every 60 or 120 s by a conventional
aneroid sphygmomanometer). Genetic factors and family
history of hypertension can also be contributing factors,
since offsprings of parents with a family history of hyper-
tension exhibit higher basal blood pressure levels and greater
mean arterial pressure during mental stress and handgrip
exercise than children of normotensive parents [93]. Low fit-
ness levels can also exaggerate the blood pressure response to
exercise in children with obesity. In a recent study by Legantis
et al. [94], obese and overweight unfit children exhibited
an exaggerated systolic blood pressure response (assessed
by finger photoplethysmography) during isometric handgrip
exercise compared with their fit overweight and obese
counterparts.

Even in the absence of any alterations in resting blood
pressure, signs of disturbed hemodynamic control during
acute isometric handgrip exercise (at 30% MVC) and recov-
ery were evident in obese prepubertal boys [15]. Dipla et al.
[15] reported an attenuated increase in exercise heart rate,
associated, at least partially with a lower vagal withdrawal
in obese compared with lean boys. However, the magnitude
of the blood pressure response to exercise (assessed as the
change from baseline, using beat-by-beat finger photo-
plethysmography) was similar in lean and obese boys. In
addition, a lower decline in baroreceptor sensitivity during
isometric exercise was found in obese versus lean preadoles-
cent children [15].

During dynamic exercise, a blunted muscle perfusion
response to lower limbs has been reported in overweight chil-
dren [66], possibly linked with arterial endothelial dysfunc-
tion [56, 95]. Furthermore, early signs of vascular dysfunc-
tion in obese children have been demonstrated in the postex-
ercise period, as evident by a reduced capacity for vasodi-
latation in the recovery from isometric exercise in obese
compared with lean boys [15]. These vascular reactivity dys-
functions during exercise (dynamic or isometric) and recov-
ery, are possibly also the result of accumulation of perivas-
cular adipose tissue (surrounding the blood vessels) and
intima media thickening [96].

Isolating the metaboreflex activation by postexercise
occlusion, Dipla et al. [15] found similar blood pressure
responses in normotensive obese and lean prepubertal chil-
dren. However, the relative contribution of total peripheral
resistance and stroke volume to this response was altered
in obese preadolescent boys, even in the absence of a fully
developed metabolic syndrome.

A limitation of studies currently available in children is
that the autonomic nervous system involvement during exer-
cise was assessed indirectly, using hemodynamic parameters
and not direct measurement of norepinephrine spillover rate
or MSNA. Although heart rate variability provides an indica-
tion of the heart’s ability to respond to multiple physiological
stimuli and can identify phenomena related to autonomic
nervous system, it is not considered as precise as the measure-
ment of norepinephrine spillover. However, its noninvasive
and nonpharmacologic nature makes it appealing for use
in the pediatric population, especially when healthy lean
children participate as controls.
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7. Effects of Training and Physical Activity on
Blood Pressure Control

This section will first discuss findings in studies examining
the effects of training to the neural control of blood pressure
in obese adults and then continue with findings in obese
children. In a large cohort study, Felber-Dietrich et al. [97]
showed that participation in regular physical activity pro-
grams has beneficial effects on cardiac autonomic function
(assessed by 24-hour recordings of heart rate variability) and
tends to offset the negative effects of obesity on autonomic
nervous system indices. More specifically, obese individuals
exercising regularly >2 h/week exhibited heart rate variability
values closer to those obtained by normal weight indi-
viduals. Cardiac autonomic function in those who gained
weight while exercising regularly was improved compared
to sedentary subjects who gained weight. Although a major
strength of that study is the involvement of a large number
of participants, a limitation is that the amount of physical
activity was assessed by a questionnaire. In addition, since
body composition was not assessed in that study, it is possible
that the observed improvements in autonomic function in
the active obese individuals, is at least partly the result of
an increase in their lean body mass. The important role of
physical activity on vascular health has been demonstrated by
a study showing that cessation of physical activity in healthy
adults during bed rest resulted in a rapid decline of vascular
reactivity (within 3–5 days) [98]. Aerobic exercise training
in obese individuals induces metabolic alterations, such as
increases in bioavailability of nitric oxide and in glucose
transporter (GLUT-4) concentration within the skeletal
muscle and increases in the number of highly oxidative
and insulin-sensitive type I fibers in adults [99, 100]. These
changes have been associated with improved endothelial cell
function (assessed by brachial artery flow mediated dilata-
tion) [99]. Whether improvements in the autonomic nervous
system function in response to training contribute to these
alterations remains to be elucidated.

Early detection of vascular dysfunction is important to
initiate behavioral interventions to reduce the risk of devel-
oping cardiovascular disease. In children, sedentary behavior
is a major factor linking adiposity to insulin resistance,
inflammation, and endothelial dysfunction. Controlled stud-
ies that examine whether exercise training interventions
reverse the alterations observed in baroreflex sensitivity and
in the exercise pressor reflex in obese children are not cur-
rently available. Previous studies have indicated that exercise
training improves vascular reactivity. More specifically, Watts
et al. [101] showed that obese children and adolescents had
a 50% lower vascular reactivity compared with their control
peers during rest and reduced free-living physical activity was
related to vascular dysfunction (assessed by flow-mediated
dilatation) in children [102]. Furthermore, Hopkins et al.
[103] showed that the amount of moderate to vigorous activ-
ity was closely associated with increased vascular reactivity
and health. Prado et al. [104] showed that a hypocaloric diet
accompanied by exercise training, accelerated the postexer-
cise heart rate recovery, more than diet alone, suggesting an
additive effect of increased cardiorespiratory fitness by exer-

cise training on cardiac autonomic activity. Importantly, the
improved arterial endothelial function following an eight-
week aerobic exercise training program was evident even in
the absence of weight reduction in overweight children [99].
These results highlight the importance of increased fitness
levels in vascular health in obese and overweight children
[94] and imply that metabolic and hormonal adaptations
induced by exercise training plays a major role in lowering
risk factors.

In many studies that examined the effect of weight loss
on the reflexes involved in the blood pressure control and
the involvement of exercise training, it was difficult to isolate
the effect of physical activity, independent of changes in body
mass consequent to the intervention. In addition, differences
in the definition of overweight/obesity among studies, espe-
cially in the pediatric population (based on body mass index
≥ 30 kg/m2 versus body mass index > 95th percentile for age
and gender) [105], as well as differences in the assessment of
childhood or adolescence (based on age versus maturation
status using Tanner stage or age at peak height velocity—i.e.,
the time of maximum growth in stature during adolescence)
have created controversies among studies.

8. Overall Summary and Recommendations for
Future Research

Given the above findings, a hyperadrenergic state is a hall-
mark of obesity; however, a differentiation of central nervous
system sympathetic outflow, with increased traffic in the
renal and skeletal muscle sympathetic nerves and reduced
cardiac sympathetic nerve firing is evident in obese indi-
viduals. These alterations lead to adjustments in the reflexes
that control blood pressure. We can conclude that even when
not accompanied by an elevation in arterial blood pressure,
alterations in the sympathovagal involvement (at rest and
during exercise) may be evident in an obese individual.
Adaptations in reflexes including a blunted baroreflex sensi-
tivity, lower metaboreflex, and possibly a greater involvement
of mechanoreflex appear even in the preadolescent years.
These changes, accompanied by the endothelial dysfunction,
result in alterations in hemodynamic control (such as differ-
ences in the heart rate responses and vasodilatation) during
exercise and recovery. Despite considerable achievements
in our understanding in the control of blood pressure in
obesity, several issues remain unclear. What cellular and
molecular events mediate the alterations in the reflexes that
control blood pressure during exercise in obesity? Addi-
tional experimentation is required to address the possible
mechanisms that reverse these pathological events. Another
area of implementation should be the assessment of dif-
ferent exercise training modes (continuous or intermittent,
dynamic or isometric) and exercise intensities (high versus
low) required to induce beneficial regressions in the reflexes
controlling blood pressure in obesity. Importantly, studies
involving training interventions should be designed to
specifically stratify the independent effect of exercise versus
dietary modification. To date, the efficacy of antiadrenergic,
antihypertensive drugs to the regression of the alterations
observed in the exercise pressor reflex has not been tested.
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Future studies should also explore the role of alterations in
the macronutrient intake percentages to the blood pressure
responses during exercise in obese adults, as well as in the
pediatric population.
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Longitudinal associations between leisure-time physical activity (LTPA) and overall cancer mortality were evaluated within the
Third National Health and Nutrition Examination Survey (NHANES III; 1988–2006; n =15,535). Mortality status was ascertained
using the National Death Index. Self-reported LTPA was divided into inactive, regular low-to-moderate and vigorous activity. A
frequency-weighted metabolic equivalents (METS/week) variable was also computed. Hazard ratios (HRs) and 95% confidence
intervals (CI) were calculated for overall cancer mortality in the whole sample, by body mass index categories and insulin resistance
(IR) status. Nonsignificant protective associations were observed for regular low-to-moderate and vigorous activity, and for the
highest quartile of METS/week (HRs range: 0.66–0.95). Individuals without IR engaging in regular vigorous activity had a 48%
decreased risk of cancer mortality (HR: 0.52; 95% CI: 0.28–0.98) in multivariate analyses. Conversely, nonsignificant positive
associations were observed in people with IR. In conclusion, regular vigorous activity may reduce risk of cancer mortality among
persons with normal insulin-glucose metabolism in this national sample.

1. Introduction

Cancer is a major public health concern in the United
States with approximately 25% of total deaths attributed
to cancer [1]. The projected number of cancer deaths in
2010 alone was 1500 deaths per day, corresponding to a
total of over 560,000 deaths. Therefore, investigations into
modifiable risk factors that may reduce the rates of cancer
mortality continue to be of significant importance. Physical
activity has been hypothesized to protect against cancer
through obesity reduction, improved insulin sensitivity and
sex hormone profiles, and lowered inflammation [2]. The
World Cancer Research Fund/American Institute for Can-
cer Research Expert Panel Report concluded that physical
activity likely reduces the risk of some cancers and suggested
an active lifestyle for protection against cancer progression

and mortality [3]. However, concrete recommendations for
physical activity to prevent cancer mortality are lacking, in
part, due to inconsistencies in the existing evidence, and due
to varying methodology and differing definitions of physical
activity used [4]. Furthermore, at this time associations with
physical activity are better established for cancer incidence as
compared to mortality [4, 5].

A greater understanding of the protective effects of phys-
ical activity may enhance existing cancer control strategies
and potentially reduce cancer mortality. The present study
strengthens the evidence in the current literature by exam-
ining longitudinal associations between leisure-time physical
activity (LTPA) in the Third National Health and Nutrition
Examination Survey (NHANES III: 1988–1994) linked to
mortality data through 2006. Excess adiposity and aberra-
tions in the insulin-glucose axis are hypothesized to promote
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carcinogenesis [6, 7] and may offset the protective potential
of physical activity. It is noteworthy that research in the
area of cancer mortality has typically focused on a single
risk factor. Less attention has been devoted to the combined
effects of body weight, insulin resistance (IR), physical activ-
ity, and cancer mortality [8–11], and the interrelationships of
these risk factors warrant investigation. Therefore the current
study is designed to expand the physical activity-cancer
hypothesis by assessing whether body mass index (BMI)
and IR modify the relationships of physical activity and
cancer mortality. Existing data available from this national
sample on body weight, laboratory values, self-reported phy-
sical activity data, and cancer mortality (N = 863) prov-
ides a unique opportunity to conduct these analyses. The
results of this study provide data to guide clinical trials that
may ultimately contribute to individualized physical activity
recommendations for cancer control.

2. Materials and Methods

2.1. Study Population. The NHANES III (1988–1994) pop-
ulation, a national sample of civilian noninstitutionalized
individuals, was selected through a complex, multistage
probability design [12]. Persons who were 17+ or older were
eligible for the mortality follow-up from the date of partic-
ipation (1988–1994) through December 31, 2006. This rep-
resents the last NHANES III mortality update. The current
analyses included adults 20–89 years. Per the Adult Treat-
ment Panel (ATP) definition, individuals were considered to
be adults if they were at least 20 years old [13]. NHANES par-
ticipants 89+ years were assigned an arbitrary age of 90 years
for confidentiality purposes and were excluded from the ana-
lyses. Pregnant women were excluded because their baseline
physical activity and BMI may not be an accurate reflection
of their usual activity or body weight. Additionally, persons
with missing values for the pertinent variables were also
excluded, resulting in a final sample of 15,535 individuals.

2.2. Data Collection. The NHANES III survey consisted
of a structured household interview and a standardized
physical examination in a mobile examination center at
entry into the study. Participants self-reported their age,
race/ethnicity, level of education, leisure-time physical activ-
ity, dietary intakes, alcohol use, current prescription medica-
tion, and presence of doctor-diagnosed cancer in a personal
interview. Race/ethnicity were categorized into (1) non-
Hispanic whites, (2) non-Hispanic Blacks, (3) Mexican-
Americans and (4) “other.” Trained personnel measured
height, weight and waist circumference during the in-person
examination [12]. The measured height and weight were
used to compute BMI. Smoking status was assessed during
the in-person interview, in which participants reported
the use of cigarettes, pipes, and cigars. A fasting blood
sample was obtained during the physical examination that
was used to measure fasting plasma glucose concentrations.
Details of the NHANES III protocols have been previously
published [14]. Figure 1 describes the data collection strategy
in NHANES III.

Mortality follow-up 

1988–1994
  

2006
Mortality 

Baseline data collection

data collection
Cancer mortality 

Demographics•

•
Anthropometrics•
Dietary data (24-hour 
recall)
•

Self-reported physical 
activity
•

Medication use•
Smoking and alcohol •
Fasting blood•

(n = 860)

follow-upBaseline

Figure 1: NHANES III data collection timeline.

2.3. Exposure: Leisure-Time Physical Activity. A question-
naire consisting leisure-time physical activity questions
including type of activity and frequency of the activity in
the past month was queried in the Household Adult Ques
tionnaire administered once at baseline. There was no
additional follow-up information on physical activity and
other variables after time of entry into the study until the end
of mortality follow-up (Figure 1). At baseline, participants
were asked for example, if “In the past month, did you run
or jog?” and “In the past month, how often did you jog or
run?” Similarly, questions were asked on walking, bicycling,
swimming, aerobics and/or aerobic dancing, other dancing,
calisthenics, yard work, lifting weights, and engagement in
up to four other activities that were not mentioned in the
survey. Frequency of engagement in activities over the past
30 days was reported. These responses were standardized to
weekly frequency by using the conversion factors of 4.3
weeks/month and 30.4 days/month per NHANES III [15].
A validated intensity rating in metabolic equivalents (MET)
was provided by NHANES III for each activity as defined
in the Compendium of Physical Activities [16]. For exam-
ple, jogging/running was assigned an intensity rating of
“8 METS.” For this study, LTPA was classified as “low inten-
sity,” “moderate” and “vigorous” using the standard cut-offs
established by Pate et al. [17]. Activities requiring <3 METS
were classified as “low-intensity,” activities requiring 3–
6 METS were classified as “moderate” and >6 METS were
classified as “vigorous” [17]. Participants who did not re-
port engagement in any of the activities, were classified as
“inactive.” Because individuals engaging in “low intensity”
activities represented <0.05% (n = 7) of the population, they
were combined into the “moderate” activity group.

Next, participants were categorized as performing “reg-
ular low-to-moderate” exercises if they reported performing
the activity at least 5 times per week and “regular vigorous” if
they reported performing vigorous activities at least 3 times
per week. These categories were mutually exclusive (so that
if an individual performed vigorous and low-to-moderate
activities, he/she was included in the vigorous activity group
and not in both groups). Additionally, a frequency-weighted
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LTPA variable was calculated by multiplying the frequency
of each activity by its corresponding intensity value and
summed. This variable was divided into quartiles in the
regression models. The NHANES III survey did not collect
information for duration of each bout of exercise, which
limits more precise estimation of physical activity. The phy-
sical activity definitions used in this study are consistent with
previously published studies using the NHANES III popula-
tion [18–21].

2.4. Cancer Mortality Ascertainment. Mortality information
was obtained from the updated NHANES III Linked Mortal-
ity Files that provide mortality follow-up data from the date
of participation in the survey (1988–1994) through Decem-
ber 31, 2006 (Figure 1). Mortality was ascertained based
upon either death certificates or from a probabilistic match
between NHANES III and the National Center for Health
Statistics, National Death Index (NDI) records. Cancer
mortality was identified using the International Classification
of Diseases, Tenth Revision (ICD-10; NCHS 2006; ICD-10
codes C00–C97). Persons were considered alive at the end
of the follow-up period if they were not matched to a death
record. Details of the mortality files are described elsewhere
[22].

2.5. Statistical Methods. Descriptive statistics were generated
to assess demographic, lifestyle and dietary attributes related
with cancer mortality, and to identify potential confounders.
Next, unadjusted univariate hazard ratio (HR) and 95%
confidence intervals (95% CI) of overall cancer mortality and
level of LTPA were computed using Cox proportional hazard
models, using age as the time scale. Persons who died from
causes other than cancer were censored at the age of death
and persons who were considered alive were censored at the
end of the study follow-up period.

We tested demographic, lifestyle, physiological, and die-
tary factors as potential confounders of the associations of
LTPA and cancer mortality, by entering these additional vari-
ables singly into the Cox proportional hazards models. If the
addition of the variable singly in the model changed the HR
for cancer mortality by 10% or more, the variable was added
to the final regression model. Potential variables tested were
age (continuous and years), race or ethnicity (categorical:
white, black, Mexican, and other), cardiovascular disease
(categorical: yes/no), BMI (categorical: normal weight,
overweight and obese), smoking (categorical: never, current,
past), alcohol consumption (continuous: number of drinks/
day), education (categorical: <12 and ≥12 years), aspirin
use (yes/no) total dietary proteins (continuous: grams/day),
total dietary fats (continuous: grams/day) total dietary car-
bohydrates (continuous: grams/day), and total calories
(continuous: kilocalories/day). We tested for potential effect
modification (considered significant for the purpose of these
analyses at alpha value of 0.10 or less) by race, age, gender,
BMI, and IR status for the relationships of physical activity
and cancer mortality. A significance level of 0.05 was used
for all the other tests. Sensitivity analyses were conducted by
reanalyzing the associations after excluding persons with a
baseline report of doctor-diagnosed cancer (n = 588). For

exploratory purposes, we repeated analyses in adults 40+
years at baseline (n = 9348). The statistical analyses were
performed using SAS v.9.1 and SUDAAN v.10.0.1 Sample
weights provided by NHANES III were applied to all the
analyses.

3. Results

3.1. Participant Characteristics. Baseline characteristics of
NHANES III sample are expressed as either weighted freq-
uencies for categorical variables or weighted means with
their corresponding standard errors (SEs), and minimum
and maximum values for continuous variables (Table 1). The
population consisted of 76.8% non-Hispanic Whites, 10.4%
non-Hispanic blacks, 5.2% Mexican-Americans, and 7.8%
“other” ethnicities. The mean population age was 45 years.
Approximately 85% of the participants reported engaging in
any physical activity, with half (53.3%) of the population
being moderately and 16.9% being vigorously active on
a regular basis. About 15% of the sample was “inactive.”
Furthermore, 33% of the participants reported being more
active, 21% reported being less active, and 44% estimated
about the same level of activity as compared to their peers
of the same sex and similar age. Over half the population
was obese or overweight (BMI > 25), with a mean waist
circumference of 92 cm. Twenty-two percent of the popu-
lation had the insulin resistance syndrome, defined per the
ATP III criteria as having at least three of the following five
criteria: abdominal obesity (waist circumference >102 cm
in men or >88 cm in women), insulin resistance (blood
glucose >110 mg/dL), low high density lipoprotein (HDL)
(<40 in men or <50 in women), high serum triglycerides
concentration (>150 mg/dL), and hypertension (systolic
blood pressure >130 mm Hg or diastolic blood pressure
>85 mm Hg.) and 10.67% were insulin resistant (defined as
blood glucose levels >110 mg/dL) [13]. In this dataset 5.5%
(n = 863) of the population had died from cancer at the
end of the follow-up period till 2006. Approximately 15%
of the patients who had died of cancer had reported doctor-
diagnosed cancer during their in-person baseline interview.

3.2. Associations between Leisure-Time Physical Activity and
Overall Cancer Mortality. Overall, nonsignificant inverse
associations were observed for overall cancer mortality
among persons engaging in any activity, regular low-to-
mod- erate or regular vigorous activity in the whole pop-
ulation (Table 2). Individuals who engaged in any activity
were 8% and 5% less likely to die of cancer as compared
to individuals who were “inactive,” after adjusting for age
(HR: 0.92; 95% CI: 0.71–1.19) and additional variables (HR:
0.95; 95% CI: 0.72–1.26), respectively. Associations were
in a similar direction for regular low-to-moderate activity
(HR: 0.92; 95% CI: 0.69–1.21), regular vigorous activity (HR:
0.66; 95% CI: 0.39–1.13), and for the highest versus lowest
quartile of frequency-weighted METS per week (HR: 0.89;
95% CI: 0.68–1.16) after adjusting for age, race, sex, and
smoking status, albeit not statistically significant. Additional
adjustment for BMI did not change the associations.



4 Journal of Obesity

Table 1: Characteristics of the NHANES III study participants at baseline (N = 15, 535)1.

Percent (%) Mean (SE) Minimum Maximum

Demographic information

Non-Hispanic Whites 76.8

Non-Hispanic Blacks 10.4

Mexican Americans 5.2

Other races/ethnicities 7.8

Sex (men) 48.7

Age (years) 45.0 (0.14) 20.0 89.0

Anthropometric measurements

Body mass index (wt (kgs)/ht2(meter) 26.5 (0.04) 14.4 62.1

Waist circumference (cm) 92.0 (0.12) 57.5 174.1

Physical activity

Inactive 14.8

Any activity 85.2

Regular low to moderate intensity activity 53.3

Regular vigorous activity 16.9

METS/week2 3.67 (0.03) 0 53.5

Activity level compared to peers of same age

More active 33

Less active 21

About the same 44

Blood analyses

Fasting glucose (mg/dL) 99.0 (0.24) 35.4 642.6

Insulin resistance3 10.67

Insulin resistance syndrome4 22.2

Dietary intake

Percent kilocalories from carbohydrate 49.71 (0.09) 1.3 96.5

Percent kilocalories from total fat 33.52 (0.08) 1.2 76.20

Percent kilocalories from protein 15.42 (0.04) 2.0 62.8

Total calories5 2069.41 (8.37) 401.0 9,769.0

Cancer % (n)6

Overall cancer mortality 5.5 (863)

Self-report of doctor-diagnosed cancer at
baseline

3.82 (588)

Individuals with self-reported
doctor-diagnosed cancer at baseline who died
of cancer

15 (128)

1
Data is presented as weighted frequencies (percentages) for categorical variables and as weighted means (SE), minimum, and maximum values for continuous

variables.
2METS were only reported for documented leisure time physical activities in the self-report questionnaire.
3Insulin resistance was defined as blood glucose >110 mg/dL and includes individuals who consumed oral hypoglycemic agents or insulin users.
4Insulin resistance syndrome was defined as the presence of at least 3 of 5 criteria per the ATP III criteria.
5Only individuals who reported energy intake between 400–10,000 kcal were included in these analyses.
6n represent actual unweighted frequencies in the analyses dataset.

Analyses were repeated after excluding self-reported his-
tory of cancer at baseline (n = 588) to assess whether the
observed nonsignificant associations persisted. The HRs
among individuals with no history of cancer at baseline ran-
ged from 0.82 to 1.09 for all levels of regular LTPA; however,

the HRs were not statistically significant after adjusting for
age and additional covariates in the whole population and
the conclusions remained unchanged (Table 2). Restricting
analyses to adults 40+ years at baseline yielded similar results
(data not shown).
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Table 2: Hazard ratio (HR) (95% CI) for cancer mortality and measures of leisure-time physical activity in NHANES III (1988–2006)
participants 20–89 years (n = 15, 535).

Whole population
After excluding persons with

existing cancer (n = 588)

Cancer deaths/number at risk 860/15,535 733/14,951

Any activity

Age-Adjusted 0.92 (0.71–1.19) 1.04 (0.78–1.37)

Adjusted for additional variables1 0.95 (0.72–1.26) 1.10 (0.82–1.48)

Additional adjustment for BMI2 0.97 (0.73–1.29) 1.12 (0.83–1.50)

Regular low-moderate activity

Age-Adjusted 0.89 (0.69–1.17) 1.01 (0.76–1.34)

Adjusted for additional variables1 0.92 (0.69–1.21) 1.07 (0.80–1.43)

Additional adjustment for BMI2 0.93 (0.70–1.24) 1.09 (0.81–1.48)

Regular vigorous activity

Age-adjusted 0.62 (0.37–1.06) 0.73 (0.42–1.26)

Adjusted for additional variables1 0.66 (0.39–1.13) 0.82 (0.48–1.39)

Additional adjustment for BMI2 0.69 (0.40–1.19) 0.85 (0.50–1.44)

Frequency-weighted METS/week3

Age-adjusted

Quartile 1 1.00 1.00

Quartile 2 0.84 (0.67–1.05) 0.92 (0.71–1.18)

Quartile 3 0.72 (0.54–0.96) 0.80 (0.59–1.08)

Quartile 4 0.86 (0.68–1.10) 0.97 (0.78–1.26)

P value4 0.120 0.353

Adjusted for additional variables1

Quartile 1 1.00 1.00

Quartile 2 0.85 (0.67–1.08) 0.95 (0.73–1.23)

Quartile 3 0.74 (0.56–0.98) 0.85 (0.64–1.14)

Quartile 4 0.89 (0.68–1.16) 1.04 (0.79–1.36)

P value4 0.139 0.422

Additional adjustment for BMI2

Quartile 1 1.00 1.00

Quartile 2 0.85 (0.67–1.09) 0.95 (0.73–1.24)

Quartile 3 0.75 (0.57–1.00) 0.87 (0.65–1.15)

Quartile 4 0.91 (0.69–1.30) 1.06 (0.79–1.41)

P value4 0.132 0.426
1
Adjusted for age, race, sex, and smoking.

2Adjusted for age, race, sex, smoking, and BMI.
3Quartile cutoffs (METS/week) quartile 1 <1.16; quartile 2: 1.16–10.47; quartile 3: 10.48–32; quartile 4: >48.33.
4P value for difference between quartiles.

Previous research has reported that BMI and IR are
associated with cancer mortality [6, 23, 24]. Significant effect
modification (a priori considered significant if P < 0.1) by
IR in the relationships of physical activity and overall cancer
mortality were noted (P = 0.07). Therefore, the analyses
were stratified by IR status (yes/no) as shown in Table 3.
Among individuals who were not insulin resistant, signifi-
cant 54% (HR: 0.46; 95% CI: 0.24–0.87) and 49% (HR: 0.51;
95% CI: 0.27–0.97) decreased risk were observed between
engagement in regular vigorous activity and overall cancer
mortality, after adjusting for age and additional variables,

respectively. Among individuals who were insulin resistant,
an 82% increased risk of cancer mortality was observed (HR:
1.82; 95% CI: 0.71–4.65), albeit this finding was not statis-
tically significant and therefore cannot be considered defini-
tive. These associations persisted when the relationships were
reevaluated in a sample after excluding persons with a cancer
diagnosis at baseline, in sensitivity analyses (data not shown).

Although there was no significant effect modification by
BMI (P = 0.355), for exploratory purposes only, the ana-
lyses were stratified by BMI < 25 (normal weight) and
>25 (obese or overweight). Among persons with a lower
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Table 3: Hazard ratio (HR) (95% CI) for cancer mortality and leisure-time physical activity in NHANES III (1988–1994) participants 20–89
years, by categories of body mass index and insulin resistance status

By High and low BMI1 Insulin resistance status2

Cancer deaths/number at risk
521/9279 321/5991 228/2300 628/13,166

High BMI Low BMI IR No IR

Any activity

Age adjusted 1.02 (0.73–1.42) 0.82 (0.55–1.22) 0.89 (0.56–1.41) 0.94 (0.72–1.23)

Adjusted for additional variables3 1.03 (0.73–1.46) 0.90 (0.61–1.35) 0.88 (0.54–1.44) 0.99 (0.75–1.32)

Additional adjustment for BMI4 — — 0.89 (0.54–1.48) 1.00 (0.76–1.32)

Regular low-moderate activity

Age adjusted 1.00 (0.70–1.41) 0.80 (0.53–1.20) 0.84 (0.53–1.34) 0.93 (0.69–1.24)

Adjusted for additional variables3 1.00 (0.70–1.42) 0.88 (0.58–1.35) 0.84 (0.51–1.38) 0.97 (0.72–1.31)

Additional adjustment for BMI4 — — 0.86 (0.51–1.43) 0.98 (0.73–1.32)

Regular Vigorous Activity

Age-Adjusted 0.68 (0.33–1.39) 0.59 (0.28–1.27) 1.82 (0.71–4.65) 0.46 (0.24–0.87)

Adjusted for additional variables3 0.74 (0.36–1.52) 0.68 (0.32–1.45) 1.79 (0.67–4.87) 0.51(0.27–0.97)

Additional adjustment for BMI4 — — 1.83 (0.66–5.04) 0.52 (0.28–0.98)

Frequency-weighted METS/week5

Age-adjusted

Quartile 1 1.00 1.00 1.00 1.00

Quartile 2 1.00 (0.08–1.46) 0.92 (0.64–1.34) 0.85 (0.43–1.67) 0.82 (0.63–1.05)

Quartile 3 0.96 (0.66–1.38) 0.61 (0.36–1.02) 0.67 (0.42–1.07) 0.76 (0.53–1.09)

Quartile 4 1.01 (0.69–1.48) 0.78 (0.51–1.18) 1.11 (0.65–1.09) 0.79 (0.6–1.03)

P value6 0.987 0.226 0.145 0.294

Adjusted for additional variables3

Quartile 1 1.00 1.00 1.00 1.00

Quartile 2 0.99 (0.65–1.49) 0.99 (0.68–1.44) 0.82 (0.41–1.66) 0.83 (0.65–1.07)

Quartile 3 0.97 (0.69-1. 37) 0.68 (0.41–1.13) 0.69 (0.42–1.13) 0.80 (0.57–1.12)

Quartile 4 1.02 (0.69–1.52) 0.91 (0.58–1.45) 1.08 (0.62–1.89) 0.83 (0.62–1.12)

P value6 0.991 0.315 0.262 0.465

Additional adjustment for BMI4 — —

Quartile 1 1.00 1.00

Quartile 2 0.82 (0.41–1.66) 0.83 (0.65–1.07)

Quartile 3 0.69 (0.42–1.13) 0.80 (0.57–1.12)

Quartile 4 1.08 (0.62–1.89) 0.83 (0.62–1.12)

P value6 0.262 0.465
1
BMI < 25 and ≥ 25.

2IR was considered to be present if blood glucose concentrations were >110 mg/dL.
3Adjusted for age, race, sex, and smoking.
4Adjusted for age, race, sex, smoking, and BMI.
5Quartile cutoffs (METS/week) quartile 1: <2.33; quartile 2: 1.24–13.60; quartile 3: 13.61–35.35 quartile 4: >35.36 for “low BMI” group quartile 1: <1.05;
quartile 2: 1.06–9.65; quartile 3: 9.66–30.70; quartile 4: >30.72 for “High BMI” group; quartile 1: <1.63; quartile 2: 1.64–11.40; quartile 3: 11.41 to 34.65;
quartile 4: >34.65 for “No IR”; quartile 1: 0; quartile 2: 0.1–6.28; quartile 3: 6.29–26.05; quartile 4: >26.05 for IR “Yes”.
6P value for difference between quartiles.

BMI, the observed inverse associations were more protective
for any activity and overall cancer mortality, albeit non-sig-
nificant after adjusting for age (HR: 0.82; 95% CI: 0.55–1.22)
and additional variables (HR: 0.90; 95% CI: 0.61–1.35) as
compared to individuals with a BMI > 25 ((age-adjusted
HR: 1.02; 95% CI: 0.73–1.42) and (adjusted for additional
variables HR: 1.03; 95% CI: 0.73–1.46)). The HR were

similarly <1 but remained non-significant among persons
with a normal BMI engaging in regular low-to-moderate or
regular vigorous LTPA. The direction of the associations
persisted when reevaluated after excluding persons with no
cancer diagnosis at baseline (data not shown).

Next, the frequency-weighted METS/week variable was
divided into quartiles in the Cox proportional regression
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models. Quartile 1 was the referent group and represented
participants with the lowest level of METs expended, and
quartile 4 represented the individuals with the highest level
of METs expended. Although not significant, the HRs for
quartiles 2, 3, and 4 were <1 as compared to quartile 1.
These associations persisted among persons without insulin
resistance and among participants with a BMI<25. The non-
significant decreased risk for cancer mortality persisted after
excluding persons with a cancer diagnosis at baseline (data
not shown). Furthermore, HRs were similar when analyses
were repeated among individuals who were 40 years or older
at baseline.

4. Discussion

The current study was undertaken to elucidate the relation-
ships between LTPA and cancer mortality in a nationally rep-
resentative dataset and its linkage to mortality status (1988–
2006). The comprehensive data available in the NHANES III
sample on obesity, insulin resistance, and physical activity
history provided a unique opportunity to evaluate the com-
bined impact of these factors on longitudinally ascertained
cancer mortality, an approach that has typically not been
used in the previous studies.

Although the results of the current study are not statisti-
cally significant in the whole population, they are suggestive
of protection against overall cancer mortality, specifically for
vigorous activity (HR < 1). This study is similar to previous
studies that have evaluated physical activity in relation to
overall cancer mortality of site-specific cancer mortality. For
example, a recent prospective cohort study among elder
Japanese adults noted that high levels of physical activity (5
or more days per week) were associated with a 23% decreased
risk of overall cancer mortality (P for trend = 0.02) [25].
Previous studies have shown that physical activity protects
against mortality from some common cancers including
lung [3], prostate [10, 26], breast [27–29], and colon cancer
[11]. We observed a slight attenuation of the non-significant
associations in the sensitivity analyses after excluding persons
with self-reported cancer at baseline. This could perhaps
be due to lifestyle changes among the cancer cases after
diagnosis, or due to reverse causality. However, unavailability
of follow-up measures of physical activity in the NHANES
III survey limits the complete understanding of this phe-
nomenon. Furthermore, the current study suggests that the
protection afforded by LTPA may be realized in the absence
of aberrations in the insulin-glucose axis. We note that the
protective associations of LTPA and cancer mortality were
more pronounced among non-insulin-resistant individuals
who engaged in vigorous LTPA.

Several biological mechanisms may explain the potential
protective role of physical activity against cancer mortality.
With respect to this study, IR-related mechanisms seem
particularly relevant. Insulin, an anabolic hormone, is
hypothesized to promote cell proliferation, inhibit apoptosis,
and support cancer progression [30–32]. Regular LTPA has
been associated with improved insulin sensitivity [33–36].
Studies have demonstrated that the benefits of physical
activity are apparent even in the absence of changes in body

weight [2, 35]. IR is associated with increased levels of sex
hormones and increased levels of inflammation [35], that
may affect cancer risk [35, 37]. LTPA may also improve
hormonal profiles [38, 39], reduce systemic inflammation
[2], and ultimately delay cancer mortality.

Despite the potential biological mechanisms of physical
activity in cancer biology, associations were not significant
for all levels of LTPA in the whole population in this study.
Some inherent limitations of the NHANES III survey design
and assessment methods for physical activity could have
contributed to measurement error and the quantitatively
weak findings. It has been hypothesized that the time course
of risk factors along the continuum of the cancer process
is important [40] and previous studies suggest that physical
activity after the diagnosis of cancer influences cancer mor-
tality [29, 41]. LTPA information was collected once dur-
ing the in-person interview at baseline. Changes in LTPA
patterns over time and engagement in LTPA after cancer
diagnosis during the follow-up period were not captured,
potentially biasing the results towards the null. Next, physical
activity was self-reported and was therefore vulnerable to
recall bias due to under- or overreporting their level of LTPA
[42]. Further, the NHANES III dataset was not well powered
to investigate site-specific cancer mortality. Lastly, the results
of this study might be an underestimation of the associations,
because the exposure data were collected in 1988–1994 and
the prevalence of IR as well as the proportion of physically
inactive persons have increased in the past two decades [43–
45], emphasizing the importance of physical activity in the
current context.

5. Conclusion

In conclusion, this study uniquely utilizes a large, nationally
representative sample of US adults and assesses the interre-
lationship between LTPA, obesity, and IR, two hypothesized
risk factors of cancer mortality in the previous literature. The
results suggest that the protective effects offered by physical
activity against cancer mortality may be realized through
the maintenance of normal metabolic function and may
thereby serve a potential cancer control tool. If confirmed
in additional epidemiologic studies, these findings may have
important public health implications in the context of the
high rates of insulin resistance and cancer mortality and
a large proportion of persons with sedentary lifestyles in
the USA. Further research is also required to determine the
critical periods of exposure to physical activity during the
life course with exposure measures before and after cancer
diagnosis in relation to cancer outcomes in prospective
studies.
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The purpose of this study was (1) to determine if overweight/obese individuals (age 26–50 y) would self-select moderate exercise
intensity when asked to do so and (2) to determine how this self-selected workload compared to exercising at a workload (60% peak
aerobic capacity) that is known to provide cardioprotective health benefits. Oxygen consumption (VO2) and energy expenditure
were measured in 33 men/women (BMI ≥ 27 kg/m2) who completed two 30 min walking bouts: (1) self-selected walking pace on
an indoor track and (2) prescribed exercise pace (60% VO2 peak) on a treadmill. The data revealed that (1) the prescribed intensity
was 6% higher than the self-selected pace and elicited a higher energy expenditure (P < 0.05) than the self-selected pace (+83 kJ);
(2) overweight subjects walked at a slightly lower percentage of VO2 peak than the obese subjects (P < 0.05); (3) men walked at a
lower percentage of VO2 peak than the women (P < 0.05). In conclusion when asked to walk at a moderate intensity, overweight/
obese individuals tended to select a lower workload in the “moderate intensity” range which could be maintained for 30 min; how-
ever, a higher intensity which would be more cardioprotective could not be maintained for 30 min by most individuals.

1. Introduction

Studies have shown that 30 minutes of moderate intensity
exercise can confer health benefits if performed on most days
of the week (5 days/wk) [1, 2]. These benefits include weight
maintenance, weight loss [3], cardiovascular risk manage-
ment [4, 5], and the avoidance of metabolic dysfunction such
as type 2 diabetes [6]. Further, more than 30 min of physical
activity a day are necessary for formerly obese individuals to
maintain weight loss [7]. Success in obtaining improvements
in these health outcomes often occurs because the exercise
regimen is carefully controlled in a supervised setting where
specific directions are provided [7–9].

As the population has become more obese, numerous
guidelines have been established to help the lay public under-
stand the amount of activity that should be incorporated into
their lifestyle. For example, the 2008 Physical Activity Guide-
lines for Americans states that people should participate in

“150 minutes of moderate-intensity aerobic activity every
week” (p. vi), which would be approximately 30 minutes of
fast walking five days a week [2, 10]. Sedentary individuals,
however, may misinterpret the term moderate intensity
activity, and their efforts to increase their physical activity
levels may result in insufficient workloads for cardiopro-
tection, glucose control, and weight loss and maintenance.
Previous research concerned with self-selected exercise pace
has used descriptors such as “walk briskly” or “preferred
pace” [11–14] but have not examined the pace selected
when subjects are told to walk at a “moderate intensity”. Yet,
“moderate intensity” is the terminology of the physical acti-
vity guidelines.

Thus, the purpose of this study was to determine the
workload sedentary overweight and obese individuals would
self-select when asked to walk at a “moderate intensity”. Since
exercise at intensities greater than 60% peak oxygen con-
sumption (VO2 peak) is associated with more health benefits
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[15], we compared the self-selected pace to a prescribed pace
(60% VO2 peak). We selected this workload because it was at
the low end of the vigorous exercise range, is known to confer
health benefits beyond just weight loss, and we anticipated
that this intensity would be tolerable by our sedentary parti-
cipants [16]. We examined the potential differences in heart
rate (HR), ratings of perceived exertion (RPE), and energy
expenditure at the prescribed versus self-selected “moderate
intensity” exercise. Further, we determined if there was a
relationship between the self-selected exercise intensity and
adiposity or aerobic fitness. We hypothesized that most indi-
viduals would self-select a workload at the low end of the
moderate intensity exercise pace, when required to walk for
30 min. We further hypothesized that this workload would
result in a lower energy expenditure and lower RPE than
when the exercise was at an exercise intensity know to confer
health benefits.

2. Methods

2.1. Subjects. Thirty-three overweight and obese individuals
(age 30–50 y) were recruited. Inclusion criteria for the study
were a body mass index (BMI) greater than 25 kg/m2, non-
diabetic status, not on β-blockers, no known cardiovascular
disease, no metabolic disorders, no orthopedic limitations
and currently not participating in a regular exercise program
or coached/guided physical training. All subjects were ini-
tially screened by a detailed medical history questionnaire
before consideration for the study. All participants were re-
quired to complete an informed consent document, appro-
ved by the University Institutional Review Board. This study
meets the ethical standards of the journal [17].

2.2. Experimental Design. All subjects completed 3 visits
which included an exercise stress test, a 30 min submaximal
walk at a self-selected moderate intensity pace and a 30 min
submaximal walk at a 60% of VO2 peak (prescribed pace).
This workload was selected because it is at the low end of the
vigorous exercise intensity workload and is known to provide
cardioprotective benefits [15]. The submaximal visits were
not presented in a randomized fashion because of the poten-
tial for learning the ideal walking intensity during the pre-
scribed exercise intensity condition. These visits were a mini-
mum of 72 h apart and no longer than 2 weeks apart.

2.3. Exercise Stress Test. Each subject walked on a Quinton
Treadmill (Bothell, Washington), and a modified walking
protocol was utilized that started at 2.5 mph and 0% grade
[18]. Briefly, an increasing workload was administered by
initially increasing speed in increments of 0.5 mph per stage
until 3.5 mph was achieved. Thereafter, increases in grade
of 2.5% per stage were administered until volitional fatigue
[19]. At the end of each stage, a rating of perceived exertion
(RPE) on a scale of 6–20 was collected from the subject
[20]. The American College of Sports Medicine (ACSM)
guidelines were followed to establish if a physician needed to
be present [21]. During exercise, expired gases were collected
and analyzed for volume, O2 and CO2 content using a

Cosmed Quark b4 Metabolic Analyzer (Rome, Italy) that was
calibrated prior to each test. Oxygen consumed (VO2) and
CO2 produced (VCO2) were calculated. Heart rate (HR) was
collected continuously with a Polar Heart Rate Monitor
(Polar Electro, Lake Success, NY) throughout the study. Cri-
teria for a successful test were matched in accordance with
the ACSM [22].

2.4. Body Composition. Body composition was assessed using
air-displacement plethysmography (Life Measurement, Inc.
Concorde, CA) and the test was administered according to
the manufacture’s guidelines. Height and weight were mea-
sured without shoes on prior to testing using a Healthometer
(Sunbeam Products Inc, Boca Raton, FL). Body mass index
was calculated as weight (kg)/height (m2). Subjects were
asked to wear the same clothing on each visit.

2.5. Self-Selected Submaximal Exercise Test. During the sec-
ond visit, subjects were instructed to walk at a “moderate
intensity” around an indoor track for thirty minutes. Sub-
jects self-selected the pace they wanted to utilize for the
30 minutes of exercise and received encouragement to keep
walking but were given no further directions than to walk at a
“moderate intensity”. We calculated the distance travelled on
the track to determine walking speed. Subjects were not given
feedback on their walking speed. Time per lap was monitored
with a stopwatch (Timex Ironman Marathon Stopwatch,
Timex, N. Little Rock, AR). Speed varied somewhat in a
given lap, but there were no significant differences in the lap
times documented during the walk for each lap (data not
shown). In addition, no significant change in VO2 was ob-
served between laps. During this test, the subject donned
a harness that carried the K4 Cosmed portable metabolic
analyzer (Rome, Italy) which was calibrated before each test.
HR was measured continuously using Polar Heart Rate tech-
nology. Ratings of perceived exertion were collected every
five minutes of exercise. At the end of thirty minutes, total
distance covered was measured in order to calculate average
speed.

2.6. Prescribed Exercise at 60% VO2 Peak. The subjects
walked on a treadmill for 30 minutes at∼60% VO2 peak. The
exercising pace was selected based on the performance on
the VO2 peak test from the first visit. Wearing the same K4
apparatus as the track visit, the subject walked on a Quinton
Treadmill while expired gases were collected. Heart rate was
measured continuously, and again RPE was ascertained at the
end of every five minutes.

2.7. Data Analysis. The breath by breath VO2 data were aver-
aged into 15 second intervals. The VO2 peak was considered
the highest value achieved at the end of the test while meeting
all other ACSM guidelines for a successful stress test [22].
The calculated VO2 from the track and treadmill evaluations
was averaged into one-minute intervals and from these data
energy expenditure per minute was calculated [23–26], as
well as per kg fat free mass (FFM). Total expenditure for the
duration of exercise of both visits was then calculated as the
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Table 1: Descriptive characteristics of the subject separated by
gender.

Females (n = 24) Males (n = 9)

(16 obese/8 overweight) (5 obese/4 overweight)

Age (yr)
41.7 ± 1.5 43.3 ± 2.2

(26–50) (30–50)

Height (cm)
164.5 ± 1.2 180.7 ± 1.7∗

(153–175) (173–191)

Weight (kg)
89.2 ± 2.9 101.6 ± 5.6∗

(69–123) 80–137)

Body mass
index (kg/m2)

33.1 ± 1.1 31.1 ± 1.3

(27–48) (27–40)

% body fat
35.6 ± 2.0 26.3 ± 2.3∗

(27–48) (20–48)

VO2 peak
(mL/kg/min)

27.0 ± 1.2 37.3 ± 2.4∗

(18–42) (27–45)
∗P < 0.05 between genders. Mean ± standard error (range of values).

sum of the one-minute averages. Both total kJ and steady
state values are presented. Steady state values were used for
the calculation of average VO2 and HR responses to exer-
cise in order to accurately represent level of workload accom-
plished. Also from the VO2 data the MET level was calculated
with 3.5 mL/kg/min equaling 1 MET [22].

2.8. Statistical Analysis. The data were tested for normality
using the Shapiro-Wilk test of normality. A paired t-test
was performed to compare variables from the track and
treadmill visit. When comparing for gender differences, a 2
(male versus female) X treatment (self-selected versus pre-
scribed) ANOVA with repeated measures or 2 (obese versus
overweight) X treatment (self-selected versus prescribed)
ANOVA with repeated measures was employed. Using the
statistical package for the social sciences (SPSS) for Windows
(Chicago, IL ver. 17), all variables were expressed as mean ±
standard error. A Pearson correlation was used to determine
the relationship between the differences in energy expendi-
ture and other measured variables, as well as between walking
speed and descriptive subject variables. Those descriptive
variables that were positively associated with walking speed
were put into a linear regression analysis using the enter
method to find the best predictor of walking speed. This
method allows the entry of variables into the analysis and
allows the program to select the order of entering the variable
into the model. Significance was accepted at a preset alpha =
0.05.

3. Results

Thirty-three subjects volunteered for this study, 24 females
and 9 males. The BMI ranged from 27–40 kg/m2, and of the
33 subjects 21 subjects were obese and 12 were overweight
(Table 1). The men and women were similar in age (∼42.5 y)
but the men were significantly (P < 0.05) heavier, taller, and

had a greater percent body fat. The men were slightly more
fit (P < 0.05) than the women.

Total energy expenditure for the prescribed walking was
significantly greater than the energy expenditure for self-
selected walking pace (955.7 ± 39.2 kJ versus 872.7 ± 39.9 kJ,
P < 0.01, resp.), resulting in 83 KJ more being expended at
the prescribed pace than in the self-selected pace. The men
had a greater energy expenditure than the women (self-selec-
ted: males 1057.7 ± 51.0 kJ and females 803.4 kJ ± 26.4 kJ-
prescribed: males 1218.6 ± 35.1 kJ and females 857.1 ±
22.3 kJ, P < 0.01), and there were no differences in total
energy expenditure between the obese and overweight sub-
jects. Adjusting the data for fat free mass did not alter the
findings, and the prescribed walking pace (10.4 ± 0.3 kJ/kg
FFM/min) elicited a higher rate of energy expenditure than
the self-selected pace (9.4 ± 0.3 kJ/kg FFM/min, P < 0.05;
Figure 1). However, men had a higher energy expenditure
(kJ/kg FFM/min) than the women (P < 0.01), and the over-
weight subjects had a slightly higher energy expenditure than
the obese subjects (P < 0.05).

Self-selected exercise resulted in a workload of 52% of
VO2 peak versus 58% of VO2 peak for the prescribed exercise
(P < 0.05). The mean prescribed %VO2 is lower than we had
targeted as many of the subjects could not complete 30 min of
exercise at ∼60% VO2 peak. The overweight subjects walked
at a lower percentage of VO2 peak than the obese subjects
(P < 0.05), regardless if the exercise pace were self-selected or
prescribed. The %HR max for the 30 min of prescribed and
self-selected walking were not significantly different (self-
selected: 75.1 ± 11.2 b/min; prescribed: 75.5 ± 7.9, Table 2).
Mean RPE values for the prescribed walking was slightly
greater than for the self-selected walking pace (self-selected:
mean 11.3 ± 0.2, range 8–13 versus prescribed: mean 12.5 ±
0.3, range 11–15, Table 2); no sex differences were observed.
Converting the work intensity to METs revealed no differ-
ences until 15 minutes of exercise where the MET levels sig-
nificantly increased and the self-selected intensity was less
than the prescribed intensity, and remained lower through
the remaining 30 minutes (self-selected 4.2 ± 0.2, prescribed
4.9 ± 0.2 METs, P < 0.01).

An association was found between the difference in
energy expended between the prescribed and self-selected
walking and VO2 peak (r = 0.53, P < 0.01, Figure 2(a)),
and adjusting for sex did not alter this finding. The best pre-
dictor of the self-selected walking speed in this cohort of sub-
jects was fat mass which explained 32% of the variability (β
coefficient = −0.564, R2 = 0.32, P < 0.001, Figure 2(b)). Fit-
ness, age, height, and sex were not significant predictors of
walking speed in this cohort of subjects.

4. Discussion

Although the current physical activity recommendation for
health is to accumulate at least 30 min of moderate intensity
physical activity daily, the interpretation of moderate can
vary considerably between individuals. A misconception of
the term “moderate” may potentially result in the selected
physical activity workload not being in an appropriate
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Table 2: Ratings of perceived exertion and % max heart rate for the self-selected and prescribed walking pace for both the males and females.

Variable Female Males Total

RPE Self-selected 11.7 ± 0.2 10.1 ± 0.3 11.3 ± 0.2

Prescribed pace 12.6 ± 0.4∗∗ 12.2 ± 0.4∗∗ 12.5 ± 0.3

% max HR Self-selected 78.0 ± 1.9 67.9 ± 1.9 75.1 ± 2.0

Prescribed pace 77.4 ± 1.4 70.5 ± 1.4 75.5 ± 1.4

Mean ± SE. ∗P < 0.05 between testing days, ∗∗P < 0.001 between testing days.

0

2

4

6

8

10

12

14

All subjects Females Males Obese Overweight

Self-selected
Prescribed pace

E
n

er
gy

 e
xp

en
di

tu
re

 (
kJ

/k
g 

fa
t 

fr
ee

 m
as

s/
m

in
)

∗ ∗‡ †∗

(a)

0

10

20

30

40

50

60

70

All subjects Females Males Obese Overweight

V
O

2
pe

ak
 (

%
)

†∗ ∗ ∗

Self-selected
Prescribed pace

(b)

Figure 1: The rate of energy expenditure (a) and percent peak oxygen consumption (VO2 peak) (b) for the self-selected walking pace and
the prescribed walking pace for 33 overweight subjects during 30 minutes of exercise. ∗P < 0.05 between the self-selected and prescribed
pace; †P < 0.05 between obese and overweight subjects; ‡P < 0.01 between men and women.

−400

−200

0

200

400

600

kJ
ou

le
 d

iff
er

en
ce

 (
pr

es
cr

ib
ed

-s
el

f-
se

le
ct

ed
 p

ac
e)

20 30 40 50

VO2 peak (mL/kg/min)

r = 0.53,P < 0.01

(a)

4.5

5

A
ve

ra
ge

 s
el

f-
se

le
ct

ed
 w

al
ki

n
g 

sp
ee

d

3

3.5

4

10 20 30 40 50

Fat mass (kg)

R2 = 0.32,P < 0.001

(b)

Figure 2: (a) The association between VO2 peak and the difference in energy expended between the prescribed and self-selected walking
pace and (b) the association between self-selected walking speed and fat mass. � Women, � Men.



Journal of Obesity 5

intensity range to be cardioprotective. The present study
revealed the following: (1) the self-selected pace (52% VO2

peak) was in the range that is defined as moderate (40–
59% VO2 peak), (2) the HR response was similar between
experimental conditions yet, (3) RPE was greater in the pre-
scribed bout than when the exercise was self-selected, and
(4) a lower energy expenditure occurred with the self-selec-
ted workload than with the prescribed workload. These find-
ings indicate that when participants are allowed to self-select
exercise intensity, the workload would meet the ACSM stan-
dards and potentially would be effective in increasing car-
diorespiratory fitness; however, the workload may not be
adequate to provide other health benefits [27].

Our subjects were able to select a workload in the range of
moderate intensity when asked; however, when the subjects
were asked to increase the workload slightly to the high end
of the moderate intensity range (∼58% of VO2 peak), 68%
of the subjects could not complete our prescribed workload,
and the workload had to be reduced after 15–20 min of exer-
cise. In addition, this reduction in workload may have re-
sulted in slightly smaller differences in energy expenditure
between the self-selected and prescribed pace. Further the
obese individuals worked at a higher %VO2 peak than the
overweight subjects, in agreement with findings by Mattsson
et al. [14]. Possibly, obese individuals receive more informa-
tion on the appropriate exercise pace or possibly they have
a smaller VO2 reserve than an overweight individual thus
working at a higher percentage of their aerobic capacity.

The inability to complete 30 min at the higher intensity
parallels the findings of Ekkekakis and Lind [28] who noted
that imposing a speed that is just 10% higher than what
overweight women self-selected led to a decline in reported
pleasure and decreased affective responses. This may explain
why studies in controlled settings obtain more dramatic
effects on health variables [29, 30] than when subjects parti-
cipate in unsupervised exercise. Moreover, other studies have
shown that subjects told to exercise at a “brisk pace” and not
at their “preferred pace” the exercise intensity increased to
levels well above the minimum of the recommended range
[11, 12]. Hence, this provides further evidence that the des-
criptor used in the physical activity recommendation must
be carefully considered.

Although there was no difference in the exercise HR bet-
ween the self-selected and prescribed trial, RPE increased
with the prescribed workload, indicating cardiophysiological
tolerance but increased perception of the workload [31]. This
finding highlights that there may be a mismatch between per-
ceived-exertion and physiological responses of Borg’s model
of effort continua in sedentary obese individuals. More spe-
cifically, a higher intensity of exercise is less pleasurable and
enjoyable, thus perceived as greater exertion. Lind et al. [13]
have shown that declines in affective valence and consistent
ratings of perceived exertion are found when subjects are at
an exercise intensity that exceeds the transition across the
lactate threshold. We did not measure the lactate threshold
in the present study, but a workload at 60% VO2 peak most
likely would have been at or above their lactate threshold,
based on other studies in sedentary individuals [32]. An RPE
of 13 is considered to be approximately the lactate threshold

[33] so our subjects as well as those subjects from the
other studies kept their self-selected paces below the lactate
threshold. Further it was also observed that as subject fitness
increased, as represented by VO2 peak, there was an increase
in the difference in energy expended between walking trials
(Figure 2).

The workload selected in the moderate range may reduce
CHD risk factors or all-cause mortality, but this workload
may be inadequate for weight loss or to improve other health
outcomes. From a meta-analysis conducted by Swain and
Franklin [15] greater cardioprotective benefits were obtained
with an increase in either the relative or absolute intensity of
exercise. In fact, a faster walking speed was associated with
a reduced CHD risk, independent of the total energy expen-
diture [15, 34]. One study found that only physical activities
at intensities >4.5 METs were associated with a decreased
incidence of hypertension and reduced all-cause mortality
[35]. Our self-selected pace was below this MET value while
the prescribed pace was above this value. Additionally more
favorable risk profiles occur with vigorous activity compared
to moderate-intensity physical activity. Swain and Franklin
[15] reported that 3 studies indicated that groups exercising
at the highest intensity (65–75% of VO2 max) experienced a
decrease in diastolic blood pressure, but the group that exer-
cised at lower intensities (45–57% VO2 max) did not. Like-
wise improvements in glucose control and insulin sensitivity
only occurred at vigorous intensities (65–70% VO2 max) but
not at moderate intensities (40–55% VO2 max). In general,
greater relative intensities result in greater improvements in
aerobic fitness and selected CHD risk factors. Other epi-
demiologic studies have shown that each 1-MET increases
in exercise capacity confers an 8–17% reduction in cardio-
vascular and all-cause mortality [15, 36, 37]. A review of the
literature has shown that in low-fit subjects a minimal inten-
sity of 30% VO2 reserve is needed, while in high-fit subjects
exercise above 40% VO2 reserve is needed to improve cardio-
vascular fitness [27]. In the present study only the prescribed
workload was adequate to provide some of these health bene-
fits and still many subjects could not complete this workload;
this agrees with previous research [31].

In the self-selected walking pace, our subjects walked at
a lower perceived exertion (∼11) than when the exercise was
prescribed. This RPE was slightly higher than that reported
by Pintar et al. [38], who noted that both normal weight
and overweight women (∼20 yr old) selected a preferred
walking intensity that resulted in the selection of a similar
RPE (∼10) for a 15 minute trial. The women had a slightly
higher RPE for the task than men, and more closely obtained
the desirable exercise intensity. Mattsson et al. [14] reported
that normal weight subjects use about 36% VO2 max when
walking at a self-selected comfortable pace. Similarly Hueb-
schmann et al. [39] reported that during cycle ergometer
exercise that individuals with type 2 diabetes perceived the
work to be more difficult (higher RPE) than obese individ-
uals, even when adjusted for the relative work intensity. The
higher self-selected RPE in our study may be because the self-
selected pace on the track was their first testing day and the
subjects may have been slightly anxious. In contrast to our
finding, Dasilva et al. reported a higher perceived exertion
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and a less positive affective valence in treadmill walking than
during over ground walking [40].

The best predictor of walking speed in the present study
was fat mass which explained 32% of the variability in self-
selected speed; fitness did not significantly explain the varia-
bility in walking speed. These data support an inverse rela-
tionship between adiposity and self-selected walking speed
and suggested that obese individuals may choose lower walk-
ing speed in their daily exercise regimens as compared to lean
individuals. Pintar [38] reported that fitness but not body
weight influenced preferred exercise intensity. Discrepancies
in these findings are most likely due to the fact that they
used college-aged women, while our subject pool was more
middle-aged and both men and women were included. Fur-
thermore, it is well established in the literature that the ad-
dition of nonmetabolically active weight increases energy
expenditure proportional to the weight [41]. Thus individ-
uals carrying more body fat would most likely perceive the
exercise to be more difficult.

A potential limitation of the present study is that visits
two and three could not be randomized due to the learning
effect that the prescribed exercise visit may have had on the
self-selected walking pace. By allowing our subjects to walk
on a track, this enabled the subject to have normal variance in
speed and be blinded to pace by walking on the track during
the second visit. All visits were separated by at least three
days to avoid the influence of fatigue and muscle soreness;
no subject was tested a second time if they still had muscle
soreness following the first study day. There is also the pos-
sible confounding factor that the self-selected pace was mea-
sured on a track, while the prescribed pace was on the tread-
mill. We have previously shown that energy expenditure does
not differ when walking on the track or treadmill at similar
speeds [42]; however other investigators have found a higher
metabolic cost of treadmill walking [40, 43] and a higher
perceived exercise and a less positive affective valence [40].

In this paper we have only cited the ACSM and AHA
guidelines of “150 minutes of moderate intensity aerobic
activity every week” (p. vi), which would equal 30 minutes
of walking five days a week. However, it should be acknow-
ledged that there are other guidelines that have been pub-
lished (e.g., the Institute of Medicine, World Health Orga-
nization, USDA, etc.) that recommend for the prevention of
weight gain at least 60 min of moderate physical activity daily
is needed and for weight loss/weight maintenance this may
need to be as high as 60–90 min daily [7]. Individuals wishing
to lose weight may have difficulty not only completing 30
minutes of exercise but also completing longer durations
which have been shown to be necessary for successful weight
loss [7]. Further it should be noted that although we collec-
ted the data as one exercise bout for 30 minutes, there has
been considerable research that has indicated that the 30
minutes (or 60 minutes) can be accumulated using multiple
short bouts of exercise [44], which may be a more efficient
strategy for individuals who are incorporating higher inten-
sity physical activity into their day or need to put in 60–90
minutes/day.

According to the recommendations from ACSM and the
American Heart Association, individuals should participate

in at least 150 minutes a week of moderate intensity cardio-
vascular exercise or 75 minutes a week of vigorous-intensity
aerobic physical activity. Previous literature has indicated
that more vigorous exercise is needed for many of the
health-related benefits. Despite “moderate exercise” being a
nebulous term, which can be widely interpreted, these preli-
minary data show that subjects self-selected a workload in
the middle of the moderate range, but less than the workload
(>60% VO2 peak-high end of the moderate intensity range)
that may be necessary to confer health benefits beyond just
weight loss [15]. Yet many individuals cannot maintain that
workload for 30 minutes. This finding potentially has broad
implications to practitioners in giving physical activity re-
commendations, as workload recommendations at the high
end of the moderate range may result in a decreased in ad-
herence. Further men and overweight subjects tended to
select lower workloads when asked to exercise at a moderate
pace.
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Practice guidelines recommend addressing obesity for people with knee OA, however, the association of obesity with walking
independent of pain is not known. We investigated this association within the Multicenter Osteoarthritis Study, a cohort of older
adults who have or are at high risk of knee OA. Subjects wore a StepWatch to record steps taken over 7 days. We measured knee
pain from a visual analogue scale and obesity by BMI. We examined the association of obesity with walking using linear regression
adjusting for pain and covariates. Of 1788 subjects, the mean steps/day taken was 8872.9± 3543.4. Subjects with a BMI ≥35 took
3355 fewer steps per day independent of knee pain compared with those with a BMI≤25 (95% CI−3899,−2811). BMI accounted
for 9.7% of the variability of walking while knee pain accounted for 2.9%. BMI was associated with walking independent of knee
pain.

1. Introduction

Walking for exercise is promoted by the Arthritis Foundation
and the American College of Rheumatology for people with
knee osteoarthritis (OA) in order to promote healthy living
[1, 2]. Walking, among other types of physical activity, results
in a reduction in knee pain and improvement in functional
ability [3, 4]. Moreover, meeting physical activity guidelines
through activities like walking can reduce the risk of death
[5]. This is particularly noteworthy given that knee OA is
associated with an increased risk of all-cause death [6] and
given the rising prevalence of knee OA [7], this mortality risk
poses significant public health implications.

For older adults with knee OA, knee pain is associated
with difficulty walking [8], and often considered the primary

culprit for low levels of physical activity and walking [9].
Obesity is also associated with difficulty walking and low
levels of physical activity, and it is a primary risk factor for
knee OA [10, 11]. About 1/3 of the United States population
is obese with a BMI of at least 30 [12]. Furthermore,
one in three obese adults have arthritis [13]. However, the
association of obesity independent of knee pain with walking
is not known. This is an important association to understand
since weight loss is rarely prescribed to patients in practice
[14] and instead clinicians typically focus on pharmacologic
therapies for knee pain. While such practice is in contrast to
treatment guidelines for OA, which recommend both weight
loss intervention and pain management [15], evidence
supporting these guidelines for an outcome of walking is
sparse.
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Hence, the purpose of our study is to examine the
association of obesity with walking independent of knee
pain. We hypothesized that obesity would be associated with
walking independent of knee pain.

2. Materials and Methods

2.1. Sample. The cross-sectional study sample consisted of
participants in the Multicenter Osteoarthritis (MOST) Study,
a large multicenter longitudinal cohort study of community-
dwelling subjects who have or are at high risk of knee
OA [16]. The MOST sample included adults aged 50 to
79 years were recruited from the communities in and
surrounding Birmingham, Alabama and Iowa City, Iowa.
Inclusion criteria, based on risk for knee OA, included the
presence of known risk factors, including being age over 50
years, female gender, previous knee injury or operation, and
body weight in excess of the median weight for each age-
and sex-specific group based on data from the Framingham
OA Study [17]. The MOST study protocol was approved by
the institutional review boards at the University of Iowa in
Iowa City, University of California San Francisco, University
of Alabama in Birmingham, and Boston University Medical
Center.

2.2. Walking Subsample. Information on walking, pain, and
obesity were collected at the 60-month MOST follow-up
exam between June of 2009 and January of 2011. We
restricted the analysis sample to those participants who had
a minimum of 3 days of walking data since previous studies
have found this to be the minimum number of days needed
for a reliable estimate of physical activity [18].

Of the 2330 MOST participants attending the 60-month
follow-up visit, 16% (377) did not agree to wear the
StepWatch, and 2% (58) had monitor malfunctions. Of the
remaining 1895 participants who wore the StepWatch, 94%
(1788/1895) wore it for at least 3 valid days and represent
the study sample. The StepWatch was worn for 3, 4, 5, 6,
and 7 days by 3%, 4%, 7%, 12%, and 74% of participants,
respectively. In general, participants included in this analysis
were more likely to have better health status (e.g., lower BMI,
depressive symptoms, less muscular weakness, and fewer
comorbidities) compared with those not included in the
analysis (data not shown).

2.3. Outcome

2.3.1. Walking. Following collection of clinic data where pain
and body mass index (BMI) were collected, trained research
assistants followed a written protocol to fit the StepWatch to
the ankle of each study participant, and provided written and
verbal instructions for putting on the device each morning
and taking off the device at bedtime for the next 7 days.

The StepWatch is a small (70× 50× 20 mm; 38 g), water-
proof, self-contained device that is worn on the ankle and
records the number of steps taken every minute while provid-
ing no feedback to the user. The StepWatch has high concur-
rent validity in comparison with several reference standard
measures of step frequency in older adults, high convergent

validity in comparison with SF-36 scores among subjects
with OA, and high test-retest reliability in adults [19, 20].

To determine if subjects wore the monitor long enough
to be counted as a full day, we adopted a published method
for processing accelerometry data [21], and defined ten hours
of monitoring as the minimum amount of time needed
to define a full day. The ten hour threshold represents
more than 66% of waking hours and has been utilized as a
threshold in studies of physical activity in the general adult
population [22] and people with knee OA [21]. Time in use
was counted from the first step recorded in the morning
to the last step recorded in the evening. To exclude times
subjects may have taken off the StepWatch during the day,
we omitted times where the monitor registered no steps for
180 consecutive minutes during the day (see the appendix).

We quantified walking as the total number of steps taken
per day on average as a continuous outcome. We calculated
steps/day by totaling the number of steps taken each valid day
of monitoring divided by the number of valid days.

2.4. Independent Variables

2.4.1. Knee Pain Severity. We measured knee pain severity as
the average pain in the past 30 days on Visual Analogue Scale
(VAS) ranging from 0 to 100. Subjects with two painful knees
were categorized according to the VAS pain score of the more
painful knee.

2.4.2. Obesity. We defined obesity using from BMI computed
from standardized weight and height assessments. For anal-
yses, we treated BMI as a continuous factor and a categorical
factor by classified according to World Health Organization
(WHO) categories [23].

2.5. Covariates. The following factors were treated as covari-
ates based on existing literature linking them to function
or physical activity [16, 24–27]: age, sex, living situation
(alone or with someone), education (<college, ≥college),
race (white, nonwhite), radiographic knee osteoarthritis
(ROA) defined as a Kellgren and Lawrence score of ≥2 in
the tibiofemoral joint, pain in the hip, ankle, or foot (present
versus absent), comorbidities (0 versus ≥1) estimated with
the modified Charlson comorbidity index [28], depressive
symptoms (<16, ≥16) measured with the Center for Epi-
demiologic Studies Depression Scale (CES-D) [29], as well
as knee strength in tertiles from the mean of four isokinetic
knee extensor torque repetitions at 60 deg/sec measured in
Newton-Meters (Cybex Inc. Medway, MA). All covariates
were collected at the 60 month clinic visit except for living
situation, which was collected at the baseline clinic visit.

2.6. Statistical Analysis. We examined levels of walking by
employing descriptive statistics and plotted a histogram of
the distribution of walking across our sample. Then, we
examined the association of pain and BMI with walking. We
first examined the independent effects of pain and BMI by
calculating effects estimates and 95% confidence intervals
(CI) using multiple linear regression adjusting for both pain
and BMI (categorically) as well as for covariates. We also
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Figure 1: Histogram of steps taken per day. N = 1788.

adjusted for study site (Alabama or Iowa), to account for
differences in data collection of StepWatch data and other
study variables. We also examined the relative effect of pain
and BMI with walking from partial correlation coefficients
and standardized beta coefficients. We confirmed walking
was normally distributed from visual inspection of Figure 1.

3. Results

The mean age the 1788 subjects included was 67.2 (sd =
7.7) years. Most participants’ (36%) were overweight with a
BMI ≥25 and <30 followed by 29% being obese with a BMI
≥30 and <35. The majority of subjects were women (60%)
and white (90%). Table 1 lists characteristics of the subjects
included in this study.

The average number of steps taken per day was 8872.9
(sd = 3543.4). Figure 1 shows the average step counts per day
taken by participants.

More pain and higher BMI were associated with fewer
steps taken per day (see Table 2). Each increase of 10 points
on the VAS for pain was associated with taking 167 fewer
steps per day. Subjects who were overweight (BMI ≥25 and
<30), in obese class I (BMI ≥30 and <35), and in obese class
II (BMI ≥35) took 989, 2069, and 3355 fewer steps per day
compared with those with a healthy weight (BMI <25).

Mutually adjusting for pain and BMI along with covari-
ates explained 28% of the variability of walking. Pain
accounted for 2.9% of the variability while BMI accounted
for 9.7% of the variability of walking. Similarly, a one
standard deviation increase in pain accounted for a decrease
of 0.07 of a standard deviation of walking, while a one
standard deviation increase in BMI accounted for a decrease
of 0.28 of a standard deviation of walking (see Table 3).

4. Discussion

We found BMI to be strongly associated with walking
independent of knee pain. In particular, we found BMI to
account for 9.7% of the variability of walking in comparison
to only 2.9% for pain. These findings suggest that obesity has
an important association with low levels of walking in people
with or at high risk of knee OA independent of knee pain.

Knee pain accounted for little of the variability of walking
when considered along with the effect of obesity. To put the

relative effect of pain into perspective, knee pain accounted
for only 10% of the total variability accounted by our
model (pain, BMI, and all covariates). In contrast, obesity
accounted for 35% of the total variability of the same
model. We found a similar trend from the standardized
beta coefficients with a one standard deviation increase in
BMI accounting for more change in walking than the same
increase in pain. This difference is notable given that knee
pain is a major cause of functional limitation in people with
knee OA [30–33]. However, from a conceptual perspective,
the performance of physical function, such as walking speed,
is distinctly different than how much physical activity one
performs on a daily basis. Furthermore, previous studies
have reported a weak association between knee pain and
physical activity [34–36]. One possible reason for this is
that people may have avoided walking for different reasons.
Those with low levels of knee pain did not walk for fear of
increasing their knee pain, while those with high knee pain
were unable to walk due to current pain levels. Disentangling
these associations is needed for future longitudinal studies.

We found obesity to have a strong association with
walking, which has been reported previously in adults who
are normal weight and obese and general population studies
[37, 38]. Subjects in the highest BMI category walked over
3000 steps less per day than those in the lowest BMI category.
The magnitude of this difference is clinically meaningful as it
approaches a one standard deviation difference for walking
in our sample. Given that our study is cross-sectional,
we cannot infer causal direction, and association between
obesity and walking is likely bidirectional. For instance, low
levels of walking or physical activity could result in obesity.
Similarly, people who are obese could have difficulty walking
and hence have low levels of walking. Irrespective of the
directionality, we found obesity to be strongly associated
with walking independent of pain, which underscores the
obesity epidemic in the United States and the importance of
addressing obesity to avoid future poor health outcomes.

Step counts collected in our study cannot be compared
with previous studies utilizing pedometers. Pedometers are
known underestimate the number of steps taken by older
adults up to 33% compared with a StepWatch [39], hence
step counts in our study are higher than pedometer based
studies. However, the average step counts in our study
are comparable with smaller studies that employed the
StepWatch in people with knee or hip OA and older adults
[40, 41]. For instance, Winter et al. reported 30 people
with radiographic knee OA walked 9350 steps/day, which is
similar to our finding of 9194 and 8598 steps/day for men
and women, respectively.

Our study has several strengths. First, we report daily
walking from a large cohort of people with or at high risk
of knee OA who wore a validated walking monitor. Second,
this is the first study to report the association of obesity with
walking independent of knee pain in people with or at high
risk of knee OA using a well-validated objective monitor.
There are some limitations to our study. First, subjects may
have changed walking habits with the knowledge that their
habitual walking was being recorded. Previous study suggests
this “testing effect” is greatest when subjects wear an unsealed
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Table 1: Summary of baseline characteristics across all subjects and within BMI categories.

All subjects
(n = 1788)

BMI <25
(n = 269)

BMI ≥25
and <30

(n = 641)

BMI ≥30
and <35

(n = 529)

BMI ≥35
(n = 352)

Knee pain (0–100) [Mean (sd)] 18.8 (20.9) 15.6 (18.3) 16.6 (19.5) 19.6 (20.8) 24.2 (23.8)

BMI [kg/m] [Mean (sd)] 30.7 (6.0)

BMI <25 [%] 15

BMI ≥25 and <30 [%] 36

BMI ≥30 and <35 [%] 29

BMI ≥35 [%] 20

Age [Mean (sd)] 67.2 (7.7) 67.9 (7.8) 68.4 (8.0) 67.0 (7.6) 64.5 (6.7)

Sex [% women] 60 68 57 57 63

Living situation [% Lives alone] 17 16 16 17 18

Education [% ≥ College] 47 55 47 45 44

Race [% White] 90 96 92 89 85

Site [% Alabama] 38 37 38 37 39

Radiographic Knee Osteoarthritis [%] 54 41 52 55 71

Pain in the hip, ankle, or foot [%] 52 43 47 53 66

No Comorbidity [%] 59 66 61 59 51

Depressive Symptoms [Mean CES-D (sd)] 6.4 (6.8) 5.3 (5.8) 5.8 (6.1) 6.8 (7.3) 7.7 (7.6)

Knee extensor strength [N-M/kg] [Mean (sd)] 1.03 (0.41) 1.17 (0.41) 1.11 (0.43) 1.00 (0.37) 0.82 (0.33)

Table 2: Change in the number of daily steps attributed to pain and BMI after adjustment for covariates.

Adjusted∗ beta [95% CI]

Knee Pain (10 unit increments on 0–100 VAS scale) −166.8 [−245.5, −88.1]

BMI

<25 “healthy weight” Reference

≥25 and <30 “overweight” −989.4 [−1437.0, −541.7]

≥30 and <35 “obese class I” −2069.6 [−2540.1, −1599.2]

≥35 “obese class II-III” −3355.1 [−3899.4, −2810.8]
∗

Mutually adjusted for pain and BMI as well as age, sex, living situation, education, race, study site, Radiographic Knee Osteoarthritis, pain in the hip, ankle,
or foot, comorbidity, depressive symptoms, and isokinetic knee extensor strength.

monitor, that is, when subjects are aware of how many
steps are being recorded [42–44]. We believe any increases
in walking due to a testing effect were minimized since
study participants did not know the number of steps that
were recorded. Second, we acknowledge we employed few
psychological measures as covariates in our analyses. We were
limited to measures already collected in the MOST study
and were not able to add measures of self efficacy or fear
avoidance, which are likely associated with walking. Lastly,
our sample consisted of people both with and at high risk of
knee osteoarthritis, therefore, it is not clear if our findings are
directly generalizable to those with knee OA. We performed
a sensitivity analysis stratifying our sample by those with and
without ROA and found similar effects for pain and obesity
within each strata compared with our main findings.

5. Conclusion

We found BMI to be associated with walking independent of
pain in the studied sample of people with or at high risk of

knee OA. These findings support clinical practice guidelines
that obesity is an important modifiable factor to intervene
upon and particularly relevant for walking among people
with or at high risk of knee OA. Future research should
investigate the longitudinal association of BMI and knee pain
with walking in order to better understand the temporal
relationships between these factors.

Appendix

Previous literature to distinguish periods of inactivity from
nonwear have employed monitors designed to measure all
types of physical activity (Actigraph). These studies have
employed thresholds of 60 minutes to 90 minutes of no
activity to represent nonwear. However, it is not known if
these same thresholds can be generalized to a monitor only
measuring step counts, as periods of physical inactivity likely
differ from periods of not walking worn by people with or at
high risk of knee OA. One previous study of adult bariatric
surgical candidates found a threshold of 120 minutes of no
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Table 3: Percentage of variability of walking attributed to pain,
BMI, and covariates and expected change in walking for each
one standard deviation increase in pain, BMI, and continuous
covariates.

Partial
R-square (%)

Standardized
Beta∗

Knee pain (0–100) 2.9 −0.08

BMI (continuous) 9.7 −0.28

Age 8.4 −0.28

Sex 0.3

Living situation 0.1

Education 0.0

Race 0.0

Site 2.1

Radiographic Knee Ostearthritis 0.2

Pain in the hip, ankle, or foot 0.0

Comorbidity 2.4

Depressive Symptoms 0.7

Isokinetic knee extensor strength 1.6 0.17
∗

Calculated for continuous variables only.
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Figure 2

steps was suggested as nonwear time [45]. We examined
how increases in threshold values of nonwear time changed
reporting of the daily average wear time, steps, and time
walking at a moderate intensity.

As threshold values of nonwear time increased, the
monitor was counted as being worn for a greater duration
of time. Subsequently, the average number of steps/day
decreased. However, changes in steps/day did not change
appreciably using threshold values of nonwear greater than
180 minutes. As a result, we employed a 180 minute
threshold of no steps to distinguish periods of inactivity from
not wearing the monitor (for more details see Figure 2).
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Findings from previous research linking sedentary time with cardiometabolic risk factors and body composition are inconsistent,
and few studies address population groups most vulnerable to these compromising conditions. The purpose of this paper was
to investigate the relationship of sitting time to cardiometabolic risk factors and body composition among African American
women. A subsample of African American women (N = 135) completed health and laboratory assessments, including measures
of blood pressure, resting heart rate, cholesterol, triglycerides, glucose, body mass index, body fat, sitting time, and demographics.
Simultaneous, adjusted regression models found a positive association between weekend sitting time and glucose and an inverse
association between weekly sedentary time and cholesterol (ps < .05). There were no significant associations between sedentary
behavior and body composition. The unexpected relationship between sedentary time and cholesterol suggests that the relationship
of sedentary behavior to cardiometabolic risk factors may depend on existing characteristics of the population and measurement
definition of sedentary behavior. Results suggest distinctly different relationships between weekend and weekday sitting time,
implicating a need for careful measurement and intervention that reflects these differences.

1. Introduction

Diseases of the heart continue to be the leading cause of
death in the United States [1, 2] and accounted for 24.6%
of all deaths in 2009, down only 1.4% from 2006 despite
several national campaigns and research strategies to reduce
mortality [1, 2]. African Americans have poorer health
outcomes compared to their white counterparts [1, 2], and
African American women disproportionately suffer from
heart disease, with nearly half (45%) of African American
women having some type of cardiovascular disease compared
to only 32% of white women [3, 4].

Cardiometabolic risk factors, such as high blood pressure
and resting heart rate, elevated cholesterol and glucose levels,
and high body fat percentage, are associated with cardio-
vascular diseases [5] and may result from lifestyle choices,
such as physical inactivity and poor dietary habits [6, 7]. The
prevalence of high blood pressure, or hypertension, among
African Americans in the United States has increased from
35.8% to 41.4% between 1988 and 2002 and is particularly
high among African American women (44.8% in 2006)
compared to white women (31.1% in 2006) [8, 9]. Among

African Americans, the prevalence of high (≥200 mg/dL) and
elevated (≥240 mg/dL) cholesterol is higher among women
than men, with 54.9% of African American women having
high or elevated cholesterol compared to 51.1% of African
American men [8].

Body composition and obesity are also directly linked
to cardiovascular diseases and other health compromising
conditions, such as diabetes and cancer [10]. Over one-
third (39.2%) of African American women are obese or have
a body mass index (BMI) ≥30 kg/m2, compared to only
21.8% of White women, 25.4% of White men, and 31.6% of
African American men [11]. African American women also
have greater adiposity or body fat compared to Caucasians
[12, 13].

Regularly performed physical activity improves body
composition and nearly all known health conditions; yet,
self-reported measures suggest nearly 50% of the adult
population fails to meet minimum physical activity recom-
mendations [14], while objective measurement shows only
5% meet recommendations [15], suggesting that sedentary
time comprises the largest portion of most people’s days.
African American women are less physically active than



2 Journal of Obesity

white women, putting them at greater risk for chronic
health conditions related to physical inactivity, including
cardiovascular diseases [16], and leading to rising health care
costs, which exceeded $11 billion among morbidly obese
adults in 2000 [17].

Several studies have looked at the relationship between
sedentary behavior and disease risk, but few have looked
at specific measured sedentary behavior, defining sedentary
time as low physical activity during leisure time [18–20].
For example, increased sedentary time has been associated
with increased BMI, mortality rates, high glucose levels,
and insulin resistance, regardless of physical activity level
among both men and women [21–25]. However, there have
also been recent studies that did not demonstrate these
relationships [26–28]. In addition, a recent literature review
suggested that although there is not sufficient evidence to
support significant relationships between sedentary behavior
and body weight gain and sedentary behavior and car-
diovascular disease biomarkers, there is evidence in the
literature to support a strong relationship between sedentary
behavior and mortality, suggesting that, while important,
these relationships are not well documented or described
[29].

Inconsistencies in the reported relationships between
sedentary behavior and cardiometabolic risk factors and
body composition suggest that specific population or mea-
surement characteristics of studies may be contributing
to findings. For example, one study showed that 27.3%
to 95.9% of the association between sedentary behavior
and health outcomes (e.g., blood pressure, cholesterol) was
explained by BMI or waist circumference [30]. Most of
the literature has included a majority of white participants
[22, 27, 28, 30], and the relationship of sedentary behavior to
cardiometabolic risk factors and body composition in ethnic
minority women remains unclear. One study suggested that
decreased occupational sitting time may decrease BMI and
promote healthy behaviors among women [25], but few
have explored the direct relationship between sitting time
that includes both weekday and weekend, occupational and
leisure time, or have distinguished between occupational and
leisure sitting time and its associations with cardiometabolic
risk factors and body composition. The purpose of this study
was to investigate the relationship of weekday and weekend
sitting time to cardiometabolic risk factors, including blood
pressure, resting heart rate, cholesterol, triglycerides and
glucose, and body composition among overweight and obese
African American women. We hypothesized that increased
sitting time would be associated with higher rates of car-
diometabolic risk factors, obesity, and increased body fat and
explored the issue of whether weekday (occupational) sitting
time or weekend (recreational) sitting time would be more
important in contributing to cardiometabolic outcomes.

2. Materials and Method

2.1. Participants. The current study was a secondary anal-
ysis using data from the Health Is Power (HIP) study
(1R01CA109403). Four hundred ten community dwelling,

African American (n = 263), and Hispanic or Latina (n =
147) women participated in HIP, a multisite, longitudinal,
community-based, randomized controlled trial to increase
physical activity [31–42] in Houston and Austin, Texas.
Eligible participants, self-identified as African American or
Hispanic or Latina, were between the ages of 25 and 60 years
old, able to read, speak, and write in English or Spanish,
not pregnant or planning to become pregnant within the
next 12 months, a Harris or Travis County resident, not
planning on moving in the next 12 months, physically
inactive or doing fewer than 30 minutes of physical activity
per day on 3 or more days per week, and free from health
conditions that would be aggravated by physical activity
[43]. A subsample of Houston African American participants
(n = 135) completed laboratory assessments at baseline,
Time 1 (T1) [31, 41]. All HIP study assessments, measures
and procedures were approved by the Committee for the
Protection of Human Subjects at the University of Houston,
and women provided written informed consent prior to
participation.

2.2. Assessments. Women who met inclusionary criteria gave
informed consent and completed a T1 health assessment,
where they completed an interviewer administered ques-
tionnaire measuring physical activity and demographics,
measures of blood pressure and resting heart rate, and
anthropometric measures of BMI and body fat [36–38, 42].

The laboratory assessment included a venous blood
sample and a whole body dual-energy X-ray absorptiometry
(DXA) scan [31, 41]. Women completed these measures after
fasting for 8 or more hours and wore metal-free clothing.

2.3. Cardiometabolic Risk Factors. Systolic and diastolic
blood pressures were measured using manual aneroid sphyg-
momanometry by a trained research team member using
established protocols. Participants were asked to sit quietly
during measurement with their left arm bared and supported
at heart level and their feet flat on the floor. Two readings
were obtained, separated by two minutes, and averaged for
use in analyses. If the first two readings differed by more than
5 mmHg, a third reading was obtained and averaged.

Resting heart rate was assessed after participants sat
quietly for two minutes. A trained assessor measured their
radial pulse at their left wrist [44]. Assessors counted beats
for one full minute and repeated the procedure for accuracy.
An average of the two measurements in beats per minute was
used in analyses.

A venous blood sample was collected from a peripheral
arm vein into Vacutainers pretreated with either sodium hep-
arin or K2 EDTA (Vacutainer; Becton-Dickinson, Franklin
Lakes, NJ) after 8 or more hours of fasting [31] and ana-
lyzed for plasma total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), triglyceride, and
glucose concentrations using separate enzymatic assays in
triplicate as described by the manufacturer (Pointe Scientific,
Canton, MI). A ratio of total cholesterol to HDL (total
cholesterol/HDL) was also used in analyses.
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2.4. Body Composition. Anthropometric measures of BMI
and body fat were collected by trained personnel using
established protocols [36–38, 41, 42]. Individual height
was measured using a standard stadiometer apparatus with
participants’ shoes being removed. Body weight and percent
body fat were measured twice using bioelectrical impedance
analysis (BIA) using a Tanita TBF-310 body composition
analyzer (Tanita, Arlington Heights, Illinois). BMI was
calculated using stadiometer heights and BIA body weights.
All measures were collected twice, and the average of the two
measurements was used in analyses.

Percent body fat was also measured by DXA. DXA
measurements were completed by a trained staff member
between 6:00 and 8:00 AM and took 10–15 minutes per
participant. DXA scans were used to measure whole body
fat mass, lean mass, bone mass and total percent body fat,
as previously described [31, 41]. Only total percent body fat
was used in current analyses.

2.5. Sitting Time. Sitting time was measured using items
from the International Physical Activity Questionnaire
(IPAQ) long form administered at the baseline health assess-
ment. The IPAQ long form is typically used to measure work-
related, transportation, domestic and leisure-time physical
activity. In addition, the instrument measures time spent
sitting over the last seven days by time spent sitting in a
motor vehicle and time spent sitting during the week and
weekend [18]. Sitting time was reported in terms of total
minutes during the week and weekend. Adhering to the IPAQ
protocol, data were cleaned and missing or spurious data
were excluded from any analyses [36].

2.6. Sociodemographics. Items assessing ethnicity, household
income, and education were adapted from the Maternal
Infant Health Assessment (MIHA) survey [45], derived from
the CDC’s Pregnancy Risk Assessment Monitoring System
(PRAMS) Questionnaire [46]. Items have shown good
reliability and have been used with samples representing
diverse ethnicities [47].

2.7. Statistical Analyses. All statistical analyses were con-
ducted in SPSS version 19.0 (IBM SPSS Statistics for Win-
dows, IBM Corporation, Somers, NY). The current study is
limited to a subsample of African American women enrolled
in Houston, TX, who were offered a laboratory assessment
(n = 135) at baseline T1. Only participants with complete
data for a particular measure were included in all analyses,
which varied by assessment procedure/measure. Women in
the subsample were slightly older (M = 46.6 years, SD =
8.9) than the total African American sample (M = 42.9
years, SD = 9.6; t = −3.141, P = .002) but were similar
in education, income, BMI, and percent body fat. Bivari-
able correlations were conducted among cardiometabolic
risk factor variables and body composition variables and
between cardiometabolic risk factor and body composition
variables. Simultaneous linear regression models were used
to estimate the effect of weekday and weekend sitting time on
cardiometabolic risk factors, including systolic and diastolic

blood pressure, resting heart rate, total cholesterol, HDL,
LDL, triglycerides, the ratio of total cholesterol to HDL,
and glucose, and on body composition, including BMI, BIA
percent body fat, and DXA percent body fat, controlling for
age, education, and income. Significance for all analyses was
set at P < .05.

3. Results

3.1. Descriptive Characteristics. African American women
were middle aged (M = 46.6 years, SD = 8.9) and obese
(M BMI = 34.9 kg/m2, SD = 9.5). Over half (52.7%) had
graduated from college, and the majority (56.7%) reported
an income 401% or greater above the Federal Poverty
Level [48] or an income greater than $82,807. Mean (and
SD) cardiometabolic risk factors and body composition
are presented in Table 1. Triglycerides varied by education
(F(1, 26) = 5.650, P = .025); women who had not graduated
from college had higher triglyceride values than women with
a college education (M = 73.2 versus 37.9). There were
no other significant differences in cardiometabolic factors or
body composition by education or income.

3.2. Bivariable Correlations. Age was significantly positively
correlated with systolic blood pressure (r = .219, P = .011)
and glucose (r = .288, P = .036). Correlations between
cardiometabolic factors and body composition are shown
in Table 2. Total cholesterol was significantly negatively
correlated with weekend sitting time (r = −.374, P = .050)
and total sitting time (r = −.376, P = .049). LDL was also
significantly negatively correlated with weekend sitting time
(r = −.425, P = .027). Sitting time was not correlated with
any other cardiometabolic risk factors or body composition
variables.

3.3. Regression Models. There were no significant linear
associations between weekday sitting time and either car-
diometabolic factors or body composition. In contrast, linear
regression models suggest a moderate association between
weekend sitting time and glucose (β = .266, t = 1.960,
P = .056), which may be significant with increased power.

Linear regression models mimicked bivariable correla-
tions and indicated a surprising negative linear association
for both weekend (β = −.374, t = −2.058, P = .050)
and total (β = −.376, t = −2.069, P = .049) sitting time
to total cholesterol, suggesting that greater sitting time was
associated with lower total cholesterol levels. Greater sitting
time during the weekend was also associated with lower LDL
levels (β = −.425, t = −2.347, P = .027). Also of interest,
there were no significant associations between sitting time
and body composition.

4. Discussion

Based on previous research, we expected to find that
greater time spent sitting was associated with poorer
cardiometabolic indicator values. We found some limited
support for this hypothesis with glucose; however, reduced
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Table 1: Descriptive information for samplecardiometabolic risk factors and body composition.

N Mean SD Normal Ranges

Cardiometabolic risk factors

Systolic blood pressure (mmHg) 135 126.4 14.4 <120

Diastolic blood pressure (mmHg) 135 79.7 10.2 <80

Resting heart rate (beats/min) 135 71.9 8.4 60–100

Total cholesterol (mg/dL) 30 181.3 28.5 <200

HDL (mg/dL) 30 46.6 12.5 ≥60

LDL (mg/dL) 29 123.0 25.9 <100

Triglycerides (mg/dL) 29 58.3 46.9 10–150

Total cholesterol/HDL 30 4.0 1.2

Glucose (mg/dL) 53 86.0 27.3 ≤100

Body composition

Body mass index (kg/m2) 135 34.9 9.5 18.5–24.9

BIA body fat (%) 134 42.8 7.7 23–35∗

DXA total body fat (%) 125 41.7 6.0 23–35∗

Sedentary time

Weekday sedentary time (min) 128 425.0 274.2

Weekend sedentary time (min) 128 370.4 269.0

Total sedentary time (min/week) 128 795.5 477.5
∗

Normal range for body fat listed is not specific to measurement method and is for women 41 to 60 years old.

Table 2: Correlation coefficients between cardiometabolic risk factors and body composition.

1 2 3 4 5 6 7 8 9 10 11 12

(1) Systolic blood pressure (mmHg) 1 .780∗∗ .101 .111 −.010 .138 .020 .071 −.029 .381∗∗ .313∗∗ .220∗

(2) Diastolic blood pressure (mmHg) .780∗∗ 1 .201∗ .163 −.082 .220 .091 .148 −.091 .423∗∗ .370∗∗ .267∗∗

(3) Resting heart rate (beats/min) .101 .201∗ 1 .367∗ −.176 .393∗ .352 .291 .016 .260∗∗ .123 .027

(4) Total cholesterol .111 .163 .367∗ 1 .258 .883∗∗ .327 .283 .167 .113 .132 −.032

(5) HDL −.010 −.082 −.176 .258 1 −.105 −.141 -.687∗∗ −.144 -.396∗ −.331 −.110

(6) LDL .138 .220 .393∗ .883∗∗ −.105 1 .100 .454∗ −.045 .327 .273 .028

(7) Triglycerides .020 .091 .352 .327 −.141 .100 1 .589∗∗ .712∗∗ −.012 .069 −.164

(8) Total cholesterol/HDL .071 .148 .291 .283 −.687∗∗ .454∗ .589∗∗ 1 .335 .389∗ .282 −.079

(9) Glucose −.029 −.091 .016 .167 −.144 −.045 .712∗∗ .335 1 −.021 .120 .110

(10) Body mass index (kg/m2) .381∗∗ .423∗∗ .260∗∗ .113 −.396∗ .327 −.012 .389∗ −.021 1 .783∗∗ .775∗∗

(11) BIA body fat (%) .313∗∗ .370∗∗ .123 .132 −.331 .273 .069 .282 .120 .783∗∗ 1 .756∗∗

(12) DXA total body fat (%) .220∗ .267∗∗ .027 −.032 −.110 .028 −.164 −.079 .110 .775∗∗ .756∗∗ 1
∗∗

Correlation is significant at the 0.01 level (2-tailed). ∗Correlation is significant at the 0.05 level (2-tailed).

sample size limited our power to detect this effect. We did not
find expected relationships between sitting time and body
composition. It may be that since this sample was already
overweight and obese, time spent sitting had little impact on
this outcome. In contrast to our hypotheses, we found that
greater time spent sitting on the weekend was associated with
better cholesterol levels, suggesting that in this sample, there
is some advantage to time spent sitting that may counteract
the sedentary nature of sitting.

The curious relationship that we found between sitting
and improved cholesterol suggests that something unex-
pected is driving this relationship. Perhaps women who have
more sitting time are more relaxed and have more leisure
time in general. The variables used to measure sedentary
time included time spent sitting while driving. In this

sample, in sprawling Houston, we have found an inverse
association between car ownership and physical activity
(results not shown); perhaps more time spent sitting while
driving led to more time doing physical activity either
because the participant commuted to their physical activity
destination or because the increased driving time led to a
desire to be more active, which may have impacted these
cardiometabolic factors. Another curious finding is that
nearly all of the relationships reported here were between
weekend sedentary time, rather than weekday time. During
the week, perhaps time is more carefully scripted by work
and family responsibilities, while weekends have more discre-
tionary time. Future studies should continue to specify time
spent during weekends and weekdays separately in terms
of both measurement and intervention. In contrast, people
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may feel that weekends are a time for rest and relaxation,
that is, sedentary time. Thus, intervention strategies that
decrease sedentary and sitting time during the week might
be more sustainable, as they get integrated along with already
ritualized weekday responsibilities.

Previous research exploring the relationship between
sitting time and other cardiometabolic risk factors has
yielded similar findings. For example, Yates et al. found that
sitting time was positively associated with fasting insulin,
C-reactive protein, and insulin resistance in women after
adjusting for physical activity [49]. However, no other
studies have found a relationship between sedentary time
and cholesterol or lipoprotein measures in women [27, 50],
warranting further investigation to elucidate study findings.

In our sample of community volunteers, we found
slightly elevated blood pressure, with 60.1% of the sample
exceeding normal ranges for both systolic and diastolic,
somewhat higher than the national prevalence [8, 9]. This
sample had relatively poor cholesterol levels, with most
women having too low values of HDL and too high levels
of LDL, similar to national samples [8]. Most of the sample
was overweight or obese, which likely reflects not only very
high prevalence of high body fat in the population [11–13]
but also the nature of the study recruitment, which sought
volunteers to enroll in a study to increase physical activity or
improve dietary habits.

This study is among the first to investigate the relation-
ship of weekday and weekend sitting time to cardiometabolic
risk factors in African American women and includes a
sizeable sample of African American women, who are most
vulnerable to obesity and chronic health conditions. This
study includes the use of validated and reliable measures
for this population, including DXA- and BIA-measured
percent body fat. However, this study was not without its
limitations. A significant study limitation was the use of self-
reported sedentary time. Accelerometry is considered the
gold standard of physical activity and sedentary behavior
measurement and may have enhanced study findings. In
addition, this study was limited to the relationship between
weekday and weekend sitting time and cardiometabolic
risk factors and did not explore the relationship between
physical activity and these risk factors, for which there is
a known strong relationship. The use of cross-sectional
versus longitudinal data limits us from making assumptions
about causality in this study, and due to study population
characteristics, findings may not be generalized to other non-
African American populations. Missing data for laboratory
assessments and measures also limits findings and may
explain differences in findings between the current study and
established literature.

Although this sample was generally representative of
African American women in terms of health status, this sam-
ple was of higher socioeconomic status, as is often the case
with community volunteers in health promotion studies.
Future studies should investigate larger samples that repre-
sent the entire community and continue to account carefully
for sedentary and sitting time. As others have suggested, these
findings suggest that simply decreasing sedentary time may
not be sufficient to improve cardiometabolic risk and body

composition [28]. These findings may have produced more
questions than they answered but underscore the complexity
of the relationships between sedentary behavior and health
outcomes, particularly in more vulnerable groups in the
population.
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Although prior studies have suggested that overweight and obesity in childhood are associated with poorer functional movement
performance, no study appears to have examined this issue in a pediatric population. The relations between BMI, ambulatory
physical activity and functional movement screen (FMS) performance were compared in 58, 10-11-year-old children. Total FMS
score was significantly, negatively correlated with BMI (P = .0001) and positively related to PA (P = .029). Normal weight children
scored significantly better for total FMS score compared to children classified as overweight/obese (P = .0001). Mean ± S.D. of
FMS scores were 15.5 ± 2.2 and 10.6 ± 2.1 in normal weight and overweight/obese children, respectively. BMI and PA were also
significant predictors of functional movement (P = .0001, Adjusted R2 = .602) with BMI and PA predicting 52.9% and 7.3%
of the variance in total FMS score, respectively. The results of this study highlight that ambulatory physical activity and weight
status are significant predictors of functional movement in British children. Scientists and practitioners therefore need to consider
interventions which develop functional movement skills alongside physical activity and weight management strategies in children
in order to reduce the risks of orthopaedic abnormality arising from suboptimal movement patterns in later life.

1. Introduction

Overweight and obesity in childhood are recognised as a
major health problem worldwide [1] and while considerable
data have been published relating to influences such as
sedentary behaviour and nutritional habits on weight status,
there is a dearth of information pertaining to the structural
and functional limitations of excess weight in adults [2, 3],
with even less data in children. This is despite authors
noting that children display alterations to their functional
movement as a consequence of excessive weight [2] and
suboptimal movement patterns found in overweight and
obesity can seriously impede daily physical activity level
and limit functional performance [3, 4]. The concern here
is that an inability to complete fundamental daily tasks
coupled with excessive and prolonged loading of tissues in
childhood may lead to orthopaedic abnormality in later
life. Therefore, minimizing joint deterioration from excessive

joint loading or impaired movement patterns evident in
obese and overweight children should be treated at the
earliest opportunity [5]. However, no study appears to have
examined these associations in children. Therefore, the aim
of this study was to examine relations between habitual
physical activity, functional movement patterns, and weight
status in children.

2. Materials and Methods

2.1. Participants. Following institutional ethics approval,
fifty-eight children (29 boys and 29 girls, 86% Caucasian)
from a primary school in Central England volunteered and
returned signed parental informed consent forms to partic-
ipate in the study. Children were from school year 6 (aged
10-11years) and were predominantly Caucasian (81%). The
mean age (SD) of the children was 10.7 (0.4) years. The
school the children was drawn from was in an urban area
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Figure 1: Scattergraph illustrating the relationship between; (a) FMS score and BMI and (b) FMS score and physical activity in British
children.

of the city of Coventry and was located in the least deprived
ward in the city with an average household income of
£43,842 in comparison to £31,695 for the city average.

2.2. Procedures

2.2.1. Anthropometry. Body mass (kg) and height (m) were
measured using a Stadiometer and weighing scales (Seca
Instruments, Germany, Ltd) prior to the monitoring period.
From this, body mass index was determined as kg/m2. Chil-
dren were classified as normal weight (68.4%) and over-
weight/obese (31.6%) according to IOTF criteria [6].

2.2.2. Physical Activity Assessment. Physical activity was as-
sessed using a sealed, piezoelectric pedometer (New Life-
styles, NL2000, Montana, USA) worn over four days (2
× weekdays and 2 × weekend days) in accordance with
recommendations for the assessment of physical activity in
children [7] and using protocols previously described [1].
Across the measurement period, the children completed a
brief survey to verify that the pedometers were worn for the
entire time of the study. Survey results were used to identify
participants who reported removing the pedometer for≥1 h,
resulting in three exclusions from the data set, similar to
other studies [8].

2.2.3. Functional Movement Assessment. The Functional
Movement Screen (FMS) is a preparticipation screening
tool which evaluates the fundamental movement patterns
that underpin performance of all movement [9, 10]. The
FMS consists of seven tests which challenge an individual’s
ability to perform basic movement patterns that reflect
combinations of muscle strength, flexibility, range of motion,
coordination, balance, and proprioception [9, 10]. The FMS
was administered by a trained rater using standardised
procedures, instructions, and scoring processes [9, 10]. Each
participant was given 3 trials on each of the seven tests
(deep squat, hurdle step, in-line lunge, shoulder mobility,
active straight leg raise, trunk-stability push-up, and rotary

stability) in accordance with recommended guidelines [9,
10]. Each trial was scored from 0 to 3 with higher scores
reflecting better functional movement. For each test, the
highest score from the three trials was recorded and used to
generate an overall composite FMS score with a maximum
value of 21 and in accordance with recommended protocols
[9, 11].

2.3. Data Analysis. Relationships between total FMS score,
BMI and PA (average steps/day) were analysed using Pear-
son’s product moment correlations. A 2 (Gender) × 2
(weight status: normal weight versus overweight/obese) ×
2 (PA: children meeting/not meeting the health related
steps/day cut off (8)) analysis of variance (ANOVA), using
backwards elimination to achieve a parsimonious solution,
was employed to examine any differences in functional
movement (FMS score) according to gender, weight status,
and physical activity. Where any significant differences
were detected, Bonferroni post-hoc multiple comparisons
were used to detect where these differences lay. Multiple
linear regression was also employed to predict functional
movement (FMS score) from BMI and Physical activity.
Statistical significance was set a priori as P = .05.

3. Results

Total FMS score was significantly, negatively correlated with
BMI (r = −.806, P = .0001, See Figure 1(a)) and positively
related to PA (r = .301, P = .029, see Figure 1(b)).
Furthermore, ANOVA found a significant main effect for
weight status (F 1, 53 = 50.4, P = .0001) for total FMS
score with normal weight children scoring significantly
better than their overweight and obese peers (Mean Diff
= 4.941, P = .0001, see Figure 2). Mean ± S.D. of FMS
scores were 15.5 ± 2.2 and 10.6 ± 2.1 in normal weight
and overweight/obese children, respectively. Multiple linear
regression also revealed a significant predictor model (F 2,
53 = 40.369, P = .0001, Adjusted R2 = .602) whereby BMI
and physical activity (average steps/day) predicted 60.2%
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Table 1: Mean ± S.D. of total FMS score, physical activity (average steps/day), and BMI between gender and weight status groups.

Total FMS score Physical activity BMI

(0–21) (Avg steps/day) (kg/m2)

Mean S.D. Mean S.D. Mean S.D.

Boys (n = 29) 13.5 3.4 17480 4818 19.9 4.7

Girls (n = 29) 14.5 2.8 15259 3585 19.1 2.9

Normal weight (n = 39) 15.5 2.2 17078 4009 17.5 1.7

Overweight/obese (n = 19) 10.6 2.1 14522 4602 23.3 0.9

0

2

4

6

8

10

12

14

16

18

20

Normal weight Overweight/obese

FM
S 

sc
or

e 
(0

–2
1)

∗

Figure 2: Mean ± S.D. of total FMS score between children
classified as normal weight and overweight/obese according to IOTF
criteria (∗P = .0001).

of the variance in functional movement score. However,
BMI was a stronger predictor (β = −.712, P = .0001)
of functional movement predicting 52.9% of the variance
in total FMS score in comparison to physical activity (β =
1200.0, P = .03) where average steps/day predicted 7.3% of
the variance in FMS score. Mean ± S.D. of total FMS score,
PA (average steps/day), and BMI between gender and weight
status groups are presented in Table 1.

4. Discussion

Results of this study suggest that functional movement is
related to weight status and habitual physical activity, with
weight status having a stronger association with functional
movement in this population. In this case although BMI
and physical activity were both significant predictors of
functional movement predicting 60.2% of the variance in
FMS score, BMI alone predicted 52.9% of this variance
in comparison to physical activity, where average steps/day
predicted 7.3% of the variance in FMS score. This study
supports prior research in adults which has suggested that
excess weight results in functional limitations [2, 3] and
assertions that children display altered functional move-
ment as a consequence of excess weight [2]. The positive
association seen between FMS score and habitual physical
activity in the present study supports prior assertions that
the lack of physical activity is associated with the lack of

functional movement skills in adults [4]. However, in the
context of the present study and population examined,
it is possible that functional limitation may have existed
prior to overweight/obesity. As such, excess weight and/or
functional prowess are the result of natural selection since
children who are functionally limited will remain inactive
and will not develop the fundamental movement patterns
that underpin performance to the same level of mastery as
children who do not have a functional limitation. In the
same way, children who are not functionally limited may
more likely enjoy physical activity and thus, engage in more
regular practise of the fundamental movement patterns that
underpin performance. These children will consequently
become more proficient in performance of fundamental
movement patterns resulting in greater physical self efficacy
and increased likelihood of participation in physical activity.
To the authors knowledge this is the first study to examine
associations between weight status, physical activity, and
FMS in a pediatric population. The data presented here are
however, important as they highlight those children who are
overweight/obese present maladaptive movement patterns
needed to accomplish tasks of daily life. Over time, these
movement patterns coupled with the effect of excess weight
on joint loading are likely to lead to orthopaedic abnormality
in later life [4]. Moreover, such suboptimal movement
patterns can prevent individuals from undertaking health
enhancing physical activity [4].

There are several proposed mechanisms for the impact of
overweight and obesity on functional movement. However,
these suggestions have tended to be based on studies in adult
populations with few studies examining this issue in children
and adolescents. One suggestion is that overweight and
obesity lead to alterations in the musculoskeletal system that
place overweight individuals at higher risk of musculoskeletal
pain [4, 12]. Such pain may then result in restricted
range of movement and/or lower levels of physical activity.
One study by Messier et al. [12] showed that a weight
loss of approximately 5% following a combined diet and
exercise programme improved physical function, mobility,
and reduced pain in overweight and obese adults with
osteoarthritis. However, musculoskeletal pain is considered
a chronic condition that is less likely to affect children. Some
studies in children and adolescents [13, 14] have evidenced
changes in foot structure and plantar pressure distribution,
as a result of structural adaptation to excess weight, which
was suggested to lead to functional movement complications.
Likewise, research by Zoico et al. [15], with older adults, has
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concluded that a BMI of 30 kg m2 or greater is significantly
associated with functional limitation. However, Stenholm et
al. [16] has further suggested that it is the ratio of fat free
mass (FFM) to body mass which is important as individuals
with higher FFM are more likely to be functionally proficient
than those with lower FFM. However, while these studies
were conducted with older adults, there is a lack of data
examining the association between BMI, FFM, muscle
strength, and functional movement in children [4]. Future
research would therefore be welcomed in this area.

Similarly, only one other study to date [17] has reported
specifically on the use of the Functional Movement Screen in
a pediatric population. Burton et al. [17] reported that, in a
sample of 39 middle school children, there were significantly
higher total FMS scores in girls compared to boys, principally
due to better performance in the deep squat, in line lunge,
straight leg raise, and shoulder rotation. They concluded
that girls exhibit superior quality in functional movement
compared to boys but suggested that it was important to
develop musculoskeletal interventions to improve functional
movement in children and adolescents. However, although
Burton et al. [17] did not account or control for variation
in weight status in their study making it difficult to draw
parallels with the current study, the range of total FMS scores
reported in their study [17] is similar to those documented in
this study. However, there was no gender difference found for
FMS score in the present study but as Burton et al. [17] did
not assess or control for weight status it is difficult to draw
parallels between the two studies.

Irrespective of whether it is functional limitation that
results in lack of physical activity and increases in over-
weight/obesity or whether lack of physical activity and
overweight/obesity leads to suboptimal movement, the data
present here support the need for interventions to increase
habitual physical activity and improve functional movement
in British children generally but those who are overweight
and obese specifically. It is also important to note that there
may be other factors which influence performance of the
functional movement screen in children such as motivation
to perform the movement patterns and particularly motor
learning. Although the children in the present study had
been familiarized with the movements involved in the FMS,
it may be that there are practice effects in the FMS. No studies
to date have examined this issue and the recommended
protocols were followed when administering the FMS into
the current study. However, future research examining the
effects of motor learning on performance of the FMS would
be useful in elucidating this area further.

In respect to the clinical significance of the current
study, the results present here do not necessarily suggest a
clinical need for those children exhibiting poor functional
movement at their present age. The worry, however, is that if
suboptimal movement patterns, present in children who are
overweight/obese, persist into adolescence and adulthood,
this will lead to a range of musculoskeletal problems of
clinical significance. This includes a range of factors includ-
ing knee osteoarthritis, early need for hip replacement and
chronic pain, in addition to limitations in tasks of daily living
(see [4] for a review). Thus, in overweight/obese children

who exhibit suboptimal functional movement, interventions
aimed at improving the quality of functional movement
via weight loss and/or increases in physical activity energy
expenditure may offset more severe clinical implications in
later life.

Considering the association between physical activity
and FMS found in this study, it may be that the relationship
between physical activity and weight status is magnified
as children become older if their weight is not managed,
resulting in further reduction in physical activity, functional
movement, or both. This suggestion is, however, speculative
and further research is needed to verify this claim. This
exploratory study is also limited by a small sample size
and larger scale studies would be welcomed to verify the
claims made here. In addition, cause and effect in relation
to physical activity and functional movement could not be
determined in the present sample.

5. Conclusion

The results of this study do, however, highlight that ambu-
latory physical activity and weight status are significant
predictors of functional movement in British children. In
the current study weight status had a greater influence on
functional movement compared to physical activity and chil-
dren who were classified as overweight/obese demonstrated
significantly poorer functional movement than children
classified as normal weight.
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We examined the independent association between moderate-to-vigorous physical activity (MVPA) and insulin resistance (IR)
among obese Latino children (N = 113; 7–15 years) who were enrolled in a community-based obesity intervention. Baseline
information on physical activity was gathered by self-report. Clinical assessments of body composition, resting energy expenditure
(REE), as well as glucose and insulin responses to an oral glucose tolerance test (OGTT) were performed after an overnight fast.
Insulin resistance was defined as a 2 h insulin concentration >57 μU·mL−1. We observed that those obese children who met the
2008 Guidelines for MVPA (≥60 min/day) experienced a significantly lower odds of IR compared with those not meeting the
Guidelines (OR = 0.29; 95% CI: (0.10–0.92)) and these findings were independent of age, sex, pubertal stage, acculturation,
fasting insulin, and 2 h glucose concentrations. Efforts to promote 60 min or more of daily MVPA among children from ethnic
minority and high-risk communities should assume primary public health importance.

1. Introduction

Childhood obesity has reached epidemic proportions in the
United States, with 32 percent of children and adolescents
defined as either overweight or obese [1]. Among Latino
American children and adolescents, the prevalence and com-
plications of obesity are even higher compared with children
of other racial and ethnic identity [1]. This issue has sub-
stantial public health relevance as Hispanics are the largest
and fastest growing ethnic minority in the United States,
and data suggest that 85% of overweight youth will remain
overweight as adults [2]. The reason behind this observed
racial/ethnic disparity in obesity is not clear. Potential
explanations include: (1) biological differences in the sus-
ceptibility or resistance to weight gain; (2) differences in
metabolic/mechanical efficiency; (3) sociocultural differ-
ences in lifestyle factors (such as dietary composition or par-
ticipation in physical activities); or (4) environmental factors
such as access to preventive or treatment programs [3–6].

Obesity is commonly accompanied by insulin resistance,
which precedes and plays a major role in the etiology
of the metabolic syndrome, type 2 diabetes mellitus and
subsequent cardiovascular disease [7–11]. Among US adults
and adolescents, Latinos have the highest prevalence of the
metabolic syndrome [12], and more recent reports indicate
an increasing incidence of type 2 diabetes among obese
Latino American, African American, and Native American
adolescents [13].

Sedentary behavior is associated with both the risk of
obesity and of insulin resistance [14–16], and there are
data to suggest that the prevalence of sedentary behaviors
is higher among children from less-represented minority
groups [3, 4, 17–19]. In an effort to reduce physical
inactivity in children, the United States Public Health Service
(USPHS) 2008 Physical Activity Guidelines for Americans
recommends a minimum of 60 min·day−1 of moderate-to-
vigorous physical activity (MVPA: e.g., bicycle riding, skate
boarding, soccer, jump roping). Unfortunately, the majority
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of children and adolescents do not meet these recommen-
dations [20]. Furthermore, there are now data in adults
confirming the distinct contributions of physical activity
and sedentary behavior to the development of obesity and
metabolic impairments [21]; whether this remains so among
children, however, is not clear.

Few studies have examined the associations among phys-
ical activity, sedentary behavior, body composition, and
metabolic markers in defined samples of Latino children.
Moreover, determining the interrelatedness of these factors is
complicated by the fact that obesity lies in the biologic path-
way between MVPA or sedentary behavior and metabolic
risk, thereby minimizing the true magnitude of contribution
from these lifestyle behaviors. We studied cross-sectionally a
sample of obese Latino children in order to determine the
independent contributions of MVPA and sedentary behav-
iors on the odds of insulin resistance (IR) over and above that
of obesity. We hypothesized that obese children reporting
more MVPA will have a lower odds of IR compared with
their less active counterparts; however, the magnitude of
this association would be mediated by obesity and other
risk factors in the biological pathway between obesity and
insulin resistance (e.g., sedentary behavior, glucose, and
fasting insulin concentrations).

2. Methods

2.1. Subjects. Participants were 113 Latino youth (58 boys
and 55 girls), ages of 7–15 years enrolled in a compre-
hensive community-based obesity intervention program.
Participants were recruited through advertisements placed at
community facilities such as clinics, schools, and churches
in Washington, DC, USA. To avoid selection biases from
large families, as well as correlated reporting biases within
families, only one child from each family was permitted to
participate in the study. Eligibility requirements included
Latino ethnicity (as determined by the parent’s identifying
themselves, their spouses, and both sets of grandparents
within the Hispanic or Latino cultural group), a body mass
index (BMI)≥ 95th percentile for age and sex, and otherwise
good health. Children who were chronically ill and/or with
known medical conditions such as type 2 diabetes, pervasive
development delay, cerebral palsy, severe asthma, Cush-
ing syndrome, obesity-associated genetic syndrome (e.g.,
Prader-Willi syndrome), or untreated hypothyroidism were
excluded from study. All study procedures were approved
by the Institutional Review Board of Children’s National
Medical Center (CNMC), and parents provided informed
written consent, while the children provided signed assent
prior to their participation. All data were collected at one
baseline visit prior to participation in the comprehensive
treatment program. On the day of testing, participants were
admitted to the General Clinical Research Center (GCRC) at
CNMC at 07:00 following a 12 hr overnight fast.

2.2. Anthropometry. Body weight was measured on a digital
scale (Healthometer, Bridgeview, IL, USA) with the partic-
ipant in underwear and a hospital gown, while height was
measured using a wall-mounted stadiometer (SECA 216,

Hanover, MD, USA). The body mass index (BMI) was then
calculated as weight (kg)·height (m)−2. Waist circumference
was measured in triplicate at the umbilicus using a non-
elastic tape measure to the nearest 0.1 centimeter. Total body
fat mass (kg; %) and fat-free mass (kg) were determined
by air displacement plethysmography (Life Measurement
Inc., Concord, CA, USA) according to methods previously
described [22]. Pubertal stage was determined by a pediatri-
cian separately for boys and girls, and children were classified
as prepubertal (Tanner stage 1); mid prepubertal (Tanner
stage 2); or late prepubertal (Tanner stage 3).

2.3. Indirect Calorimetry. Resting energy expenditure (REE)
was measured using an open-circuit indirect computerized
calorimeter equipped with a mask (Sensor Medics, Yorba
Linda, CA, and Ultima CardiO2 system, Medical Graphics
Corporation, St. Paul, MN, USA). All calibration procedures
were performed to manufacturer specifications prior to
testing each morning, including manual flow calibrations
using a 3 L syringe and gas calibration with gases of known
concentration. The REE measurement was performed in a
quiet, thermoneutral room. All measurements were done
after a 20-minute rest period. Participants were measured at
rest in a supine position for a total of 30 minutes including
a 5-minute acclimation period. Data collected during the
initial five minutes of testing were excluded from the total
30-minute test period to allow for an adjustment period
to the test conditions. Measurements were recorded at 1
minute intervals and then averaged over the remainder
of the test period to obtain a measure of REE that was
adjusted for body weight (kg). The respiratory exchange
ratio (RER = vCO2/vO2) was also determined at 1-min
intervals and averaged over the test period. The RER under
fasting conditions provides an indirect measure of metabolic
flexibility. Values of the RER closer to 0.70 indicate a greater
reliance on fat (relative to glucose) oxidation, while values
closer to 1.00 indicate greater glucose oxidation.

2.4. Oral Glucose Tolerance Test. A 2-hour oral glucose toler-
ance test was performed using the protocol described by the
World Health Organization [23]. Fasting blood samples were
collected from an antecubital vein for the determination of
basal glucose, insulin, and free fatty acids (FFAs) concen-
trations. Participants were then given oral glucose drink
(1.75 gm·kg−1 (body weight) of glucose with a maximum of
75 gm) to consume within 2-3 min. At 120 min after chal-
lenge, the blood sampling was repeated. Blood samples were
placed in prechilled tubes and then were centrifuged at 4◦C.
Plasma was stored at −70◦C until analyzed in the Core Lab-
oratory of CNMC. Serum insulin concentrations were deter-
mined by a solid-phase, 2-site chemiluminescent immuno-
metric assay (Immulite 2000 Analyzer, Diagnostic Products,
Los Angeles, CA, USA). Plasma glucose levels were deter-
mined using the hexokinase-glucose-6-phosphate dehydro-
genase method (Dade Behring Inc, Deerfield, IL, USA).
Plasma concentrations of FFF were determined using stan-
dard microflourimetric procedures (Sigma; St. Louis, MO,
USA).
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Insulin sensitivity was calculated using the whole-body
insulin sensitivity index (WBISI = 10,000/

√
((fasting glu-

cose (mg·dL−1) × fasting insulin (μU·mL−1)) × (average
glucose × average insulin))), which has been validated in
children and adolescents [24]. The WBISI has demonstrated
excellent correlation with clamp-derived insulin sensitivity
estimates in children and adolescents and with intramyocel-
lular lipid content, a tissue marker for insulin resistance [24].
We also considered the 2 h postchallenge insulin concen-
tration as an indicator of insulin action. Postchallenge insulin
concentrations correlated strongly with the WBISI (r =
−0.81; P < 0.0001) and is easier to interpret compared with
the WBISI. There currently exist no evidence-based cut-
points for defining insulin resistance in children. Therefore,
in order to determine the odds of insulin resistance (IR)
associated with physical activity in these obese children,
those with a 2 hr postchallenge insulin concentration >
57 μU·mL−1 were characterized as IR; otherwise they were
considered not insulin resistant. This postchallenge insulin
concentration corresponds to a Homeostatic Model Assess-
ment (HOMA-IR = (fasting glucose × 0.056) × (fasting
insulin/22.1)) [25] value of >2.5, which is a clinical cut-point
often used to characterize insulin resistance in children [26].

2.5. Physical Activity and Sedentary Behavior. Children com-
pleted the Activity and Sedentary Behavior Questionnaire
(ASBQ), which comprised questions from the validated
2001 Youth Risk Behavior Survey and the World Health
Organization Study of Health Behavior of School Children
Survey [5]. The ASBQ queried both the frequency and
duration of moderate-to-vigorous physical activity acquired
through organized sport, informal recreational pursuits, and
physical education class. In addition, the ASBQ contained
questions about time per day watching television and at
the computer. All questions contained categorical responses,
which were scored on an ordinal scale. Two indices were
then calculated by multiplying the frequency score by the
duration score for these activities: (1) moderate-vigorous
physical activity (MVPA) Index, with scores that ranged from
0 to 150; (2) sedentary index (SI)—which was derived from
questions pertaining to TV viewing and computer time—
with scores ranging from 0 to 150. Physical education (PE)
volume was derived by multiplying reported frequency by
duration of weekly PE class resulting in scores ranging from
0 to 300 min·wk−1. To address the aims of the 2008 Physical
Activity Guidelines, the MVPA index was then dichotomized
based on a volume of MVPA that did or did not meet those
Guidelines for moderate-to-vigorous physical activity (every
day for 60 min or more).

2.6. Acculturation. Level of acculturation is an important
confounder of the associations among physical activity,
obesity and diabetes risk [27]. To assess this important
study variable, mothers answered questions (administered
in Spanish by a fluently bilingual trained research assistant)
derived from the Bicultural Involvement Questionnaire [28].
Acculturation was measured via 17 items assessing constructs
of linguistic fluency and comfort level in Spanish and in
English; language use at home, and with work and friends;

preferences in music, books, magazines and visual media.
Each of the items was scored on a scale with a maximum
score of 4 for 14 items, of 3 for two items, and of 5 for
one item. Individual scores were then summed over all items
to create a total score. Total scale scores ranged from 17
to 67, with higher scores reflecting greater acculturation to
American culture. In the current study, the acculturation
scale demonstrated adequate internal consistency (α = .77).

2.7. Statistical Analyses. Descriptive statistics (mean ± SD;
frequencies (%)) were generated on all study variables
according to those who were and who were not IR. Between-
group differences in mean levels of the study variables were
tested using t-tests for independent samples, while the chi-
square statistic tested associations between categorical vari-
able frequencies and IR status. Study variables demonstrating
a statistically significant association with IR status in the
bivariable analysis were then entered into a multivariable
logistic regression model in order to determine their inde-
pendent contribution to the odds of insulin resistance. The
variables age, sex, pubertal status, and acculturation were
forced into this model. The regression model was then run
backward, with those variables demonstrating an alpha level
of 0.10 or greater eliminated from the model.

Parameter estimates, as well as adjusted odds ratios
(ORs) and 95% confidence intervals (CI) are reported for the
final regression model. Because our primary study variables
(MVPA and sedentary behavior) were ordinal indices, the OR
represents the increase (or decrease) in the odds of IR for
each unit increase of the given index. The odds of IR among
children meeting the 2008 MVPA Guidelines were compared
with the odds of children who did not (the referent group).

3. Results

Study characteristics according to IR status are presented
in Table 1. As indicated, subjects with and without IR were
similar with regard to age, BMI, fat mass, and percent body
fat and Tanner score. Girls tended to have a slightly higher
prevalence of IR (0.56) compared with boys (0.44) (P =
0.13), and those with IR also tended to have a higher Z-score
for waist circumference (0.33). Fasting RER was comparable
between the groups; however, it is worth noting that it was
high in both groups, suggesting some degree of metabolic
inflexibility among these obese children. Weight-adjusted
REE was significantly lower (P < 0.01) and acculturation
score was significantly higher (P < 0.05) in those children
with IR, compared with those without IR.

Fasting glucose and FFA concentrations were no different
between study groups; however, fasting insulin and 2 h
glucose levels were significantly greater (P < 0.01) in the
children with IR compared with those without it (Table 2).
As expected, insulin sensitivity, based on the WBISI, was
markedly lower (P < 0.001) and 2 h insulin concentrations
substantially higher (P < 0.001) in those children who were
defined as IR compared with those who were not. Of note
is the observation that both groups of children were able to
maintain normal glucose tolerance based on a fasting glucose
concentration criterion of <100 mg·dL−1.
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Table 1: Subject characteristics.

Insulin sensitive
(n = 53)

Insulin resistant∗

(n = 61)

Age (y) 11± 2 12± 2

Sex (% male) 58 44

BMI (kg/m2) 29.3± 5.45 31.0± 4.9

Fat mass (kg) 30.0± 11.6 32.2± 10.0

Body fat (%) 42.2± 5.7 43.3± 5.5

Waist circ. (Z score) 1.46± 0.65 1.58± 0.64

Tanner score 2 2

REE (kcal/kg) 35.7± 16.4 29.2± 11.7a

Fasting RER 0.86± 0.07 0.88± 0.07

Acculturation score 32± 7 35± 7b

∗
Based on a 2 h postchallenge insulin concentration greater than 64 μU/mL

(median value); aP < 0.01; bP < 0.05. BMI: body mass index; body fat
determined by DXA; A Tanner score of 2: mid prepubertal; REE: resting
energy expenditure; RER: respiratory exchange ratio.

Table 2: Metabolic response characteristics to the OGTT.

Insulin sensitive
(n = 53)

Insulin resistant
(n = 61)

Fasting glucose (mg·dL−1) 83.5± 5.8 85.7± 12.1

2 h glucose (mg·dL−1) 102.1± 19.7 118.4± 30.2∗

Fasting insulin (μU·mL−1) 12.0± 8.9 21.5± 13.5∗∗

Fasting FFA (μmol·L−1) 0.72± 0.28 0.67± 0.28

WBISI 10.6± 8.2 3.7± 2.2∗∗

2 h insulin (μU·mL−1) 29.8± 16.1 133.4± 83.8∗∗

OGTT: oral glucose tolerance test; ∗P < 0.01; ∗∗P < 0.001; WBISI: whole-
body insulin sensitivity index.

Reported sedentary behavior was similar between groups
(SI = 10.5± 6.2 versus 10.9± 6.5 for those with and without
IR, resp.; P = 0.75; Figure 1). In contrast, the reported MVPA
index was significantly lower among those characterized
as insulin resistant compared with who were not (MVPA
index = 14.8 ± 18.4 versus 24.9 ± 32.1, resp.; P < 0.05).
Participation in physical education tended to be lower among
those children with IR compared with those without it
(PE volume = 73.7±74.3 versus 80.0±79.6 min·wk−1, resp.;
P = 0.06). Only 18% of the participants met the USPHA
guidelines for 60 min or more of MVPA on most days of the
week. Those who met the guidelines had an MVPA index
score of 58.6 ± 31.7, compared with a score of 8.3 ± 6.9
among those who did not (P < 0.001). We observed a strong
unadjusted association between meeting those guidelines
and protection from insulin resistance (OR = 0.28; P <
0.01).

Study variables that were statistically significant in the
bivariable analysis were then entered in a stepwise multivari-
able logistic regression model to determine their indepen-
dent contribution to the odds of IR. These variables were
MVPA, as well as fasting insulin, 2 h glucose concentrations,
REE, and acculturation score. The variables age, sex, pubertal
status, and waist circumference were also included due to
their reported association with IR in the literature. The
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Figure 1: Mean (±SEM) values for the sedentary and MVPA
indices and PE volume between obese children with (solid bars) and
without (striped bars) insulin resistance.

Table 3: Parameter estimates∗ from the final logistic regression
modeling (N = 113).

Estimate P value OR 95% CI

MVPA −1.247 0.035 0.29 (0.10–0.92)

Fasting insulin (μU·mL−1) 0.086 0.001 1.09 (1.04–1.15)

2 hr glucose (mg·dL−1) 0.037 0.004 1.04 (1.01–1.06)
∗

Estimates represent the decrease in the log odds of IR in those children
meeting the 2008 Guidelines for MVPA (≥60 min/day) compared with those
who did not, and the increase in the log odds of IR with each unit increase
in fasting insulin or in 2 hr glucose concentrations. Model was adjusted for
age, sex, pubertal stage, and acculturation.

MVPA index maintained marginal statistical significance in
the multivariable model. Each unit increases in the MVPA
index lowered the odds of IR by 3% (OR = 0.97; 95% (CI:
(0.95–1.00)). We then repeated the analysis and substituted
the dichotomous MVPA variable for the MVPA index.
Parameter estimates from the final logistic regression model
are presented in Table 3. In the presence of two very powerful
correlates of insulin resistance: 2 hr postchallenge glucose
(P < 0.01) and fasting insulin (P < 0.001) concentrations,
MVPA maintained a significant association with IR as those
obese children who reported enough MVPA to meet the
2008 Guidelines experienced a substantially lower odds of
IR, compared with the children who did not ((OR = 0.29;
95% CI: (0.10–0.92))). Age, sex, puberty status, REE, and
acculturation score did not remain statistically significant in
the multivariable model.

4. Discussion

Since obesity lies along the biological pathway between
MVPA and insulin resistance, it would seem as though
the contribution of MVPA to IR would be diminished in
the presence of obesity. Similarly, the association among
the weight-adjusted REE, the RER, the waist circumference,
and IR appeared blunted in these obese children. That
we observed MVPA to be associated with the odds of IR
(independent of fasting insulin and 2 h postchallenge glucose
levels) underscores the distinct relation of muscle contrac-
tion to insulin action (via improvements in mitochondrial
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function, insulin signaling, and glucose transport) from that
of obesity, as well as the continued importance of MVPA in
mitigating the risk of metabolic impairments with obesity.

Other research has described the benefits of vigorous
activity or MVPA to IR among diverse samples of children,
and these reported benefits were also independent of total or
central adiposity [29–31]. Importantly, these studies relied
on both self-report and objective measures of physical activ-
ity. Pubertal status is often implicated as an effect mod-
ifier in the pathway toward pediatric diabetes. Previous
studies consistently report that puberty is associated with
about a 25–30% reduction in insulin sensitivity, with peak
reduction occurring at Tanner stage 3 [32]; whether this
functional impairment operates independent of accelerated
fat deposition during puberty is not clear [7]. An ample
body of evidence also supports the complicated relation
that acculturation has with physical activity, obesity, and
diabetes risk [27]. In general, a high level of acculturation
is associated with greater amounts of reported physical
activity and exercise; however, acculturation also increases
the risk of obesity and diabetes risk, presumably through
dietary changes. We did not observe an association between
acculturation and MVPA, but those with IR had a sig-
nificantly higher acculturation score compared with those
without IR. This later association did not maintain statistical
significance in the presence of fasting insulin and 2 hr glucose
concentrations, however.

Adolescents watching greater than two hours of television
per day engage in significantly less vigorous physical activity
than those who spend less time in front of the screen [33];
however, very few studies report a strong correlation between
television viewing and total physical activity, indicating that
time engaging in one behavior does not necessarily displace
time in the other. Moreover, the small positive correlation
often reported between television viewing per se and obesity
in children has been attributed to higher caloric intake with
television viewing, rather than to lower energy expenditure
[33, 34]. We observed that reported sedentary behavior (TV
viewing and computer use time) was similar between those
with and without IR in our obese pediatric sample, and
similar to other studies [33–35], our measure of sedentary
behavior demonstrated no association with the MVPA index
(r = −0.02; P = 0.83), to BMI (r = 0.13; P = 0.16), or to
body fat% (r = 0.17; P = 0.11). This assumes that sedentary
behavior is not sufficiently biologically relevant to IR in the
face of pediatric obesity, or that sedentary behavior was not
measured accurately. Studies that used objective measures of
sedentary time in children [30, 35, 36] report associations
with metabolic outcomes that are distinct from those using
measures of MVPA—thereby supporting the notion that
sedentary time and MVPA are two separate behavioral and
physiologic constructs.

Among the strengths of this study was the reliance
on several clinical measures of metabolic control under
both fasting and postprandial conditions. In addition, we
believe the 2-h insulin response to an actual physiologic
challenge (the OGTT) to be a more valid indicator of insulin
resistance than a simple fasting value or the HOMA. We
note, however, the limitations inherent to a cross-sectional

analysis in that the temporal sequencing between physical
activity, attained obesity, and insulin resistance could not
be established. Indeed, there is now evidence that children
with the greatest impairments in insulin sensitivity have
the greatest susceptibility to weight gain over time [16, 37,
38] and the greatest resistance to weight loss interventions
[39, 40]. Second, we relied on a valid and widely used self-
reported measure of physical activity and sedentary behavior;
yet the information bias associated with any self-reported
measure is well known. We assume, however, that the
tendency to over- or underreport MVPA was nondifferential
between those with and without IR, since participants were
not aware of their 2 hr postchallenge insulin values when
answering the physical activity questions. Therefore, we are
confident that no systematic reporting bias occurred which
would have falsely inflated the independent contribution of
MVPA to IR risk.

These findings support the notion that even in the
presence of frank pediatric obesity, moderate-to-vigorous
physical activity conveys important benefits to insulin
sensitivity—although further longitudinal evidence is neces-
sary to infer a causal relation with confidence. Nonetheless,
home-, school-, and community-based programs for pro-
moting MVPA through physical education, sports, and/or
culturally appropriate physical activities should be of pri-
mary public health importance in order to protect the health
of children at risk for obesity and insulin resistance.
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