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Theoretically, identifying prediabetics would reduce the diabetic burden on the American healthcare system. As we expect the
prevalence rate of prediabetes to continue increasing, we wonder if there is a better way of managing prediabetics and reducing
the economic cost on the healthcare system. To do so, understanding the demographics and behavioral factors of known
prediabetics was important. For this purpose, responses of prediabetic/borderline diabetes patients from the most recent publicly
available 2015 Behavioral Risk Factor Surveillance System (BRFSS) survey were analyzed. The findings showed that there was a
correlation between household income, geographic residence in the US, and risk for developing diabetes mellitus type 2, aside
from the accepted risk factors such as high BMI. In conclusion, implementation of the National Diabetes Prevention Program is
a rational way of reducing the burden of DM on the healthcare system both economically and by prevalence. However,
difficulties arise in ensuring patient compliance to the program and providing access to all regions and communities of the
United States. Technology incorporation in the NDPP program would maintain a low-cost implementation by the healthcare
system, be affordable and accessible for all participants, and decrease economic burden attributed to diabetes mellitus.

1. Introduction

In 2016, the CDC reported that 29 million Americans were
diabetic, and three times more were prediabetic [1].
Although prior studies have shown that identifying predia-
betics did not prevent them from developing diabetes,
medical initiatives such as behavioral modifications and
medication delayed diabetic onset [2]. Individuals at risk of
developing diabetes included those who were overweight,
above 45 years of age, had a family history of diabetes melli-
tus (DM), were not physically active, and/or had gestational
diabetes [1].

Recently, longitudinal studies showed an increased trend
in the economic burden caused by diabetes. If a patient was
50 years old when diagnosed, the lifetime medical costs of
treating DM was $135,000 undiscounted. If diagnosed ten

years earlier, the cost in a lifetime treatment increased by
150% [3]. In 2012, the health burden attributed to DM was
$245 billion, 43% of which was inpatient care costs. Diag-
nosed patients in 2012 spent approximately on average
$8000 per year on medical expenses due to their diabetes.
Despite the high costs and expenditures, quality of life for dia-
betic patients did not necessarily improve.With the aging pop-
ulation, there is an increase in the prevalence of diabetes and
an expected increase in the attributed economic burden [4].

Theoretically, identifying prediabetics would reduce the
diabetic burden on the healthcare system. Screening for
prediabetes regularly begins at the age of 45 in low-risk indi-
viduals. If the initial results are normal, the subsequent
screening would be conducted 3 years later. If the individual
was found to be prediabetic, then annual monitoring for dia-
betes was recommended [5]. Screening for DM and pre-DM
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unfortunately was not cost effective in the majority of cases
[5]. However, an exceptional study from 2010 conducted in
Atlanta showed that early screening through the glucose
challenge tests helped reduce overall costs for the healthcare
system [6].

In the US, comprehensive prediabetic management
included lifestyle interventions of diet and exercise. If the
at-risk patient was less than 60 years of age, the diabetic drug
metformin was prescribed [7]. Borderline DM patients were
at risk for microvascular complications including nephropa-
thies and neuropathies [5]. The cost of a prediabetic patient
would therefore include physician visits, and possible fees
for medications, blood glucose self-monitoring equipment,
nutritionist services, monitoring and treating for microvas-
cular complications, and weight loss consultations. In 2012,
the healthcare burden in the United States for prediabetes
was $44 billion [8]. As we expect the prevalence rate of predi-
abetes to continue increasing, we wonder if there is a better
way of managing prediabetics and reducing the economic
cost on the healthcare system. To do so, understanding the
demographics and behavioral factors of known prediabetics
was important.

2. Methods

Responses of prediabetic/borderline diabetes patients from
the most recent publicly available 2015 Behavioral Risk
Factor Surveillance System (BRFSS) survey were analyzed.
The statistics and analysis were conducted using R soft-
ware. Graphs were made using the ggplot2 package [9].
Chi-square calculations were also computed on base R, with
expected values having uniform distribution. The BFRSS sur-
vey divided gestational diabetes and prediabetes/borderline
as two separate categories. Because gestational diabetes was
also a risk factor for developing Type 2 DM later in life,
individuals who answered positively for having gestational
diabetes were grouped together with prediabetes/borderline
individuals (n=11,298). Variables included in the analysis
were national distribution, BMI, exercise, household income,
and enrollment in a healthcare plan. National distribution of
prediabetic individuals was determined by grouping the
states of the survey respondents into 9 regions as defined by
the US Census Bureau. Responses from surveyed individuals
in Puerto Rico and Guam were not included because they did
not fall into one of the nine defined regions.

3. Results

Figure 1 depicts the demographic findings of the prediabetic
individuals. Pearson’s Chi-squared test on the geographic
spread of the prediabetic population was found to be signifi-
cant (χ2 =170.67, p value< 2.2e−16). Of the 11,298 survey
respondents, the region with the greatest percentage of predi-
abetic individuals (18%) was residents of the West North
Central region consisting of the states of Iowa, Kansas,
Minnesota, Missouri, Nebraska, North Dakota, and South
Dakota. The Mountain (Arizona, Colorado, Idaho, Montana,
Nevada, New Mexico, Utah, and Wyoming), Pacific (Alaska,
California, Hawaii, Oregon, and Washington), and South

Atlantic (Florida, Georgia, Maryland, North Carolina,
South Carolina, Virginia, District of Columbia, and West
Virginia) regions provided residence to over 10% of the
prediabetic population. Residents in the Pacific and Moun-
tain regions make up the Western portion of the United
States, which together had 26.17% of the prediabetic pop-
ulation. We found that this proportion was also significant
(χ2 =51.002, p value = 4.888e−11) when we used the 4
region divisions (West, South, North, and East) similarly
defined by the US Census Bureau.

Together, overweight and obese individuals com-
prised 69% of the prediabetic population (χ2 =993.45,
p value< 2.2e−16). Yet, over 60% of the prediabetic respon-
dents exercise in someway, although not necessarily regularly
(χ2 =130.94, p value< 2.2e−16). Interestingly, only 19.84% of
the prediabetic population had a household income greater
than $75,000 per anum (χ2 =469.48, p value< 2.2e−16).
49.77%of the respondentsprovidedahousehold incomerange
less than $50,000 per anum. 92.02% of the respondents were
enrolled in a healthcare plan (χ2 =9.3711, p value = 0.02474),
and 14.02% refrained from visiting a physician due to
medical cost (χ2 =227.52, p value< 2.2e−16).

The findings showed that there was a correlation between
household income, geographic residence in the US, and risk
for developing diabetes mellitus type 2, aside from the
accepted risk factors such as high BMI. A practical interven-
tion for dealing with the increasing healthcare burden of type
2 diabetes mellitus (T2DM) must therefore be affordable and
accessible to individuals of all demographics, especially those
belonging to a household income less than $50,000, and be
available throughout the United States, with special emphasis
on the western states, while aiming to reduce the BMI of the
prediabetic individuals.

4. Discussion

A diabetes prevention program (DPP) research study divided
3234 participants with prediabetes into three intervention
groups: lifestyle modifications, metformin administration,
and a control cohort using placebo [10]. The placebo cohort
and the metformin cohort were given 850mg dosage pill
once daily for the first month, followed by twice daily for
the remainder of the study. Lifestyle interventions were
defined as diet and physical activity changes requiring at least
150 minutes of moderate intensity exercise every week, with
the aim of reducing their body weight by 5–7%. The
researchers monitored these prediabetic individuals over
ten years, at the end of which 2531 participants remained.
They assumed all the participants were enrolled in the
DPP for exactly 3 years. By the 2-year mark of the study,
the participants who were in the metformin group were more
likely to develop diabetes than those who were in the lifestyle
intervention group. Prediabetic individuals who were in the
lifestyle intervention group and met the DPP criteria of
losing 5–7% of their body weight decreased their risk of
developing T2DM by 58%.

Consistently, for the rest of the 10-year study duration,
there were always more participants in the metformin group
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who developed diabetes than those in the lifestyle interven-
tion group. The placebo group had the greatest number of
participants who transitioned to the diabetic state at all
points of the study. This showed that lifestyle interventions
and metformin administration were both good options in
delaying the onset of DM in comparison to no interventions
[10]. The researchers suggested that lifestyle interventions
were the most cost-effective management option for predia-
betes. They calculated that the direct medical costs outside
of the study expenses of patients in the lifestyle intervention
group equated to $26,810 over a ten-year time frame. The
weighted average for the metformin group was $27,384 and
for the placebo group was $29,007 [10]. The study success-
fully showed that from the perspective of a healthcare system,
lifestyle interventions were the most beneficial for predia-
betics. The authors of the study also analyzed the cost of
the interventions if the patient had to pay out-of-pocket in

the year 2000 for a dietician, exercise trainer, medication case
manager, and so forth and determined that lifestyle interven-
tions would still be the most cost-effective option.

A theoretical algorithm used to implement DPP on a
national level in 2012 determined that by preventing
885,000 prediabetics between the ages of 18–84 from
developing T2DM would tentatively save the American
healthcare system $5.7 billion over 25 years [11]. However,
in the initial years of implementing the program, the
healthcare system would be charged $24.1 billion. It would
then take thirteen years for the healthcare system to
break-even from an investment point of view. Thus, life-
style interventions would be an affordable, efficient option
for implementation in prediabetic care on a national level.
The at-home application of interventions would also allow
individuals from all demographics to participate and
incorporate changes in their lifestyles.
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Figure 1: Demographics of prediabetic individuals in the United States. Source: BRFSS 2015 from http://www.Cdc.Gov.
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Unfortunately, a complex array of social, financial,
behavioral, and organizational barriers impedes the applica-
tion of diabetes care, especially on an individual level [12].
These multifactorial barriers can be daunting, but significant
advances have occurred in learning how to translate research
findings from the clinical research setting into real-world
practice. To counter these barriers, implementing culturally
appropriate lifestyle interventions in community settings
has proven to be a prudent method for preventing diabetes.

A trial in Bronx (New York, USA) used community-
engaged lifestyle coaches and academic detailers and enrolled
52 participants for a year-long, 16 sessions, diabetes preven-
tion program based on the CDC’s National Diabetes Preven-
tion Program (NDPP). The researchers found participants
had lost on average 7.4 pounds by the end of the program,
lowering their risk for developing diabetes [13]. To accom-
modate for social discrepancies, the lifestyle coaches were
trained to get along well with the members of the community
they were implementing the program in.

YMCA began implementing the NDPP at their centers in
collaboration with Montefiore Health Systems. Chambers
et al. [14] analyzed the efficacy of the program from 14
YMCA centers in New York from 2010–2015. The partici-
pants were over the age of 18, with no previous diagnosis of
diabetes, and had a BMI greater than 25 (22 if Asian),
HbA1C between 5.7 and 6.4% (or the respective fasting
plasma glucose or 2-hour plasma glucose range). Physicians
would refer their eligible patients to the YMCA’s diabetes
prevention program after asking if they would like to partic-
ipate. 33.6% of referred patients were enrolled for the
program consisting of 16 core sessions over a one-year time
frame at no cost to them. However, only 47.1% of enrollees
attended at least 3 sessions. Patients who were older and flu-
ent in English were more likely to be enrolled (defined as
attending a minimum of 3 sessions) and placed in subsequent
sessions. Health disparities greatly affected the practicalities
of implementing the diabetes prevention program. Language
and access demographics became an obstacle in program effi-
cacy when communicating with the patients to inform them
about the next session [14].

Technology may help overcome many of these dispar-
ities which prevent the NDPP from reaching its full poten-
tial. A meta-analysis of 15 published studies measuring 18
technological interventions between 2002 and 2016
analyzed the role of using technology in diabetes preven-
tion for 2774 individuals [15]. Program lengths ranged
from 12 weeks to 2 years. Interventions included DVDs,
e-videos, online group forums, text messages, videoconfer-
encing, and telephone. Collectively, these technological
interventions showed an effective decrease in weight by
3.76 kilograms. Technological interventions used in collab-
oration with DPP programs had a greater average weight
change than those with non-DPP programs. In contrast,
comparison of DPP on-site versus DPP through telehealth
showed that there were no significant differences in weight
loss between the two types of interventions [16].

Future studies showing successful intervention of the
NDPP in the United States may be a basis for application of
similar interventions in other countries with high diabetic

prevalence and/or economic burden. Technological interven-
tions, their strengths and weaknesses, in the NDPP could be
considered for use in countries with an ongoing diabetes
control program where compliance is a problem or results
are not adequate. For example, diabetes prevention in the
Netherlands was addressed via lifestyle counselling and
group consultations [17]. Although attendance to these
sessions was high, general practitioners (GP) reported that
a lack of counselling time, motivation, and financial reim-
bursements affected implementation success. These influenc-
ing factors may be reduced with the use of technology.
Personalized phone calls providing individualized attention
can compensate for the lack of counselling time, monitor
patient progression, maintain motivation, and obliterate the
need for financial reimbursement by reducing the number
of GP visits.

The 2003 Finnish Diabetes Prevention Study showed a
risk reduction of 58% after a 3.2-year intervention with diet
and physical activity modifications [18]. However, the 1986
Chinese Da-Qing Study enrolled high-risk individuals with
an average baseline BMI of 25.8 and found exercise alone
produced the greatest risk reduction (46%) over a 6-year
intervention period [18]. These findings showed that, inter-
nationally, successful implementation depended not only
on effective community-based efforts, but also culturally
appropriate medicine. Adapting the United States NDPP
for culturally suitable applications abroad may be beneficial
financially and strategically for other nations. In return,
diabetes prevention programs in various countries and their
respective use of cultural appropriation for increasing success
rates would help the United States strategize and better adapt
their DPP programs to the needs of various demographic
communities domestically.

5. Conclusion

In conclusion, implementation of the National Diabetes Pre-
vention Program is a rational way of reducing the burden of
diabetes mellitus on the healthcare system both economically
and by prevalence. However, difficulties arise in ensuring
patient compliance to the program and providing access to
all regions and communities of the United States. Our analy-
sis of the BFRSS survey showed the geographic distribution
of the at-risk population. Future studies analyzing the effi-
cacy of DPP in regions outside of the East Coast United
States would assist in adapting and implementing the
program for all demographic populations. We also reiterated
the importance of BMI and household income in this
population. Lifestyle modifications, as recommended by the
NDPP, aim to increase weight loss and provide a cost-
effective way of reducing diabetic risk.

Major challenges remain in ensuring cultural compe-
tency of the program and program access to individuals
who are busy with work or are not residing near a local cen-
ter. Language and communication barriers can be accommo-
dated with the use of technology. Technology would also help
in implementing at-home changes for patients who are not
able to attend on-site programs. Prediabetic individuals
throughout the nation should therefore be recommended to
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participate in a DPP program either on-site at a local com-
munity center or remotely from home. Compliance with
the program should be reinforced through the incorporation
of culturally appropriated use of technology. For example,
telephone monitoring and follow-ups for enrolled partici-
pants should increase their likelihood to attend the next
DPP session and/or change their at-home lifestyle practices.
Technology incorporation in the NDPP program would
maintain a low-cost implementation by the healthcare
system, be affordable and accessible for all participants, and
decrease the economic burden attributed to diabetes mellitus.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

References

[1] CDC: National Center for Chronic Disease Prevention and
Health Promotion, Working to Reverse the US epidemic, Cen-
ters for Disease Control and Prevention National Center for
Chronic Disease Prevention and Health Promotion Division
of Diabetes Translation, Atlanta, GA, USA, 2016.

[2] J. S. Yudkin and V.M.Montori, “The epidemic of pre-diabetes:
the medicine and the politics,” BMJ, vol. 349, no. 24,
pp. g4485–g4485, 2014.

[3] X. Zhuo, P. Zhang, L. Barker, A. Albright, T. J. Thompson, and
E. Gregg, “The lifetime cost of diabetes and its implications for
diabetes prevention,” Diabetes Care, vol. 37, no. 9, pp. 2557–
2564, 2014.

[4] American Diabetes Association, “Economic costs of diabetes
in the U.S. in 2012,” Diabetes Care, vol. 36, no. 4, pp. 1033–
1046, 2013.

[5] P. Ghody, D. Shikha, J. Karam, and G. Bahtiyar, “Identifying
prediabetes—is it beneficial in the long run?” Maturitas,
vol. 81, no. 2, pp. 282–286, 2015.

[6] R. Chatterjee, K. M. Venkat Narayan, J. Lipscomb, and
L. S. Phillips, “Screening adults for pre-diabetes and diabetes
may be cost-saving,” Diabetes Care, vol. 33, no. 7, pp. 1484–
1490, 2010.

[7] W. C. Knowler, E. Barrett-Connor, S. E. Fowler et al., “Reduc-
tion in the incidence of type 2 diabetes with lifestyle interven-
tion or metformin,” The New England Journal of Medicine,
vol. 346, no. 6, pp. 393–403, 2002.

[8] T. M. Dall, W. Yang, P. Halder et al., “The economic burden of
elevated blood glucose levels in 2012: diagnosed and undiag-
nosed diabetes, gestational diabetes mellitus, and prediabetes,”
Diabetes Care, vol. 37, no. 12, pp. 3172–3179, 2014.

[9] H. Wickham, Ggplot2: Elegant Graphics for Data Analysis,
Springer, New York, 2009.

[10] The Diabetes Prevention Program Research Group, “The
10-year cost-effectiveness of lifestyle intervention or metfor-
min for diabetes prevention: an intent-to-treat analysis of the
DPP/DPPOS,”Diabetes Care, vol. 35, no. 4, pp. 723–730, 2012.

[11] X. Zhuo, P. Zhang, E. W. Gregg et al., “A nationwide
community-based lifestyle program could delay or prevent
type 2 diabetes cases and save $5.7 billion in 25 years,” Health
Affairs (Millwood), vol. 31, no. 1, pp. 50–60, 2012.

[12] I. Midha, “Discerning diabetes self-management for optimal
care,” BOAJ Diabetes, vol. 3, no. 1, pp. 1–5, 2017.

[13] R. Morrow, L. Ferretti, C. Norwood et al., “Improving the
reach of the National Diabetes Prevention Program within a
health disparities population: a Bronx New York pilot project
crossing health- and community-based sectors,” The Journal
of Continuing Education in the Health Professions, vol. 36,
no. 4, pp. 300–306, 2016.

[14] E. C. Chambers, C. D. Rehm, J. Correra et al., “Factors in
placement and enrollment of primary care patients in YMCA’s
diabetes prevention program, Bronx, New York, 2010–2015,”
Preventing Chronic Disease, vol. 14, 2017.

[15] R. R. Bian, G. A. Piatt, A. Sen et al., “The effect of technology-
mediated diabetes prevention interventions on weight: a meta-
analysis,” Journal of Medical Internet Research, vol. 19, no. 3,
article e76, 2017.

[16] L. M. Vadheim, K. Patch, S. M. Brokaw et al., “Telehealth
delivery of the diabetes prevention program to rural commu-
nities,” Translational Behavioral Medicine, vol. 7, 2017.

[17] P. W. Vermunt, I. E. Milder, F. Wielaard et al., “Implementa-
tion of a lifestyle intervention for type 2 diabetes prevention
in Dutch primary care: opportunities for intervention deliv-
ery,” BMC Family Practice, vol. 13, no. 1, 2012.

[18] J. Tuomilehto, P. Schwarz, and J. Lindstrom, “Long-term
benefits from lifestyle interventions for type 2 diabetes
prevention: time to expand the efforts,” Diabetes Care,
vol. 34, Supplement 2, pp. S210–S214, 2011.

5Journal of Diabetes Research



Submit your manuscripts at
https://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


