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ABSTRACT

Lifestyle Change in a Large National Healthcare System

By Sandra Jackson

Background: Lifestyle change programs are recommended for weight management and
chronic disease prevention. However, little is known regarding their impact in healthcare
settings, where participants are patients to whom lifestyle change is recommended, rather
than volunteer research subjects. The Veterans Health Administration (VA) developed
MOVE! (Managing Overweight / Obesity in Veterans Everywhere), which is the largest
lifestyle change program in the US. Our objectives were to examine the association
between MOVE! participation and (a) diabetes incidence, (b) cardiovascular disease
(CVD) incidence, and (c) diabetes management.

Methods: We used national VA databases to identify approximately 2 million patients
eligible for MOVE! (obese or overweight with a weight-related health condition). Cox
proportional hazards models were used to analyze incidence of (a) diabetes (based on
ICD-9 codes or prescription of a diabetes medication); (b) CVD including coronary artery
disease (CAD), cerebrovascular disease (CBD), peripheral vascular disease (PVD), and
heart failure (HF); and (c) diabetes complications (eye disease and renal disease) and
medication intensification.

Results: Patients were approximately 92% male, 76% white, with mean age 52 years and
BMI 32. MOVE! participants had modest weight loss over 3 years, while non-
participants gained weight. Adjusting for age, race, sex, BMI, and baseline comorbidity,
MOVE! participation was associated with lower incidence of diabetes: HR 0.67 (95% ClI
0.61-0.74) for “intense and sustained” participants (who engaged in >8 sessions over
>129 days) vs. non-participants, and HR 0.80 (0.77-0.83) for less active participants. Any
amount of MOVE! participation was also associated with lower incidence of total CVD
(hazard ratio 0.83, 95% CI 0.80-0.86), CAD (HR 0.81, 0.77-0.86), CBD (HR 0.87, 0.82-
0.92), PVD (HR 0.89, 0.84-0.94) and HF (HR 0.78, 0.74-0.82). Among patients with
diabetes at baseline, any MOVE! participation was associated with improved glycemic
control despite lower medication intensification (HR 0.81, 0.79-0.83), as well as lower
incidence of diabetic eye disease (HR 0.80, 0.76-0.85) and renal disease (HR 0.90, 0.86-
0.93).

Conclusions: This study of the VA’s MOVE! program provides evidence that
participation in a large-scale, healthcare system-based lifestyle change program is
associated with lower incidence of diabetes and cardiovascular disease, as well as
improved diabetes management.
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Chapter 1: Introduction

Obesity has been described as the greatest public health challenge of our time,(1)
yet we know little about how to bring help to the millions of affected Americans. In the
US, the prevalence of obesity has risen dramatically in recent decades,(2) and two thirds
of adults are now overweight or obese.(3) Obesity has been associated with a wide range
of negative social, emotional, and health consequences including stigma and
discrimination,(4) increased risk of mental illnesses such as depression,(5) and increased
risk of cancer, sleep apnea, and osteoarthritis.(6) Obesity has also been linked to lower
life expectancy, and an estimated 112,000 excess deaths were attributed to obesity in
2000.(7-9) In addition to a substantial burden of morbidity and mortality, obesity also
increases costs. Medical expenses are approximately 42% higher among obese compared
to normal weight persons, and the total medical cost of obesity was estimated at $147

billion in 2008.(10)

Obesity substantially increases the risk of developing diabetes and cardiovascular
disease, (11-12) and these conditions carry a considerable burden of morbidity, mortality,
and cost. The lifetime risk of diabetes in the US is estimated at 33-53%,(13) although the
risk varies considerably across BMI categories. At age 18, the remaining lifetime risk of
developing diabetes for a normal weight man is under 20%, whereas for a very obese
man, the remaining lifetime risk is over 70%.(14) Other findings also point to the
profound influence of obesity on diabetes: in genetically similar Pima Indian populations
in the US and Mexico, the US Pima Indians have a 5-fold greater prevalence of diabetes

compared the Mexican Pima Indians, which has been attributed to the greater obesity



prevalence among US Pimas, as well as Western diet and less physical activity.(15) In
addition, evidence from the Health Professionals’ Follow Up Study demonstrated that
among those with genetic susceptibility to diabetes, a Western diet exacerbates disease
risk.(16) Among US adults, diabetes is the leading cause of blindness, kidney failure, and
nontraumatic lower-limb amputations, and diabetes is one of the top 10 causes of
death.(17) The disease is quite costly: total expenses related to diabetes were estimated at
$245 billion in 2012.(18) Obesity and diabetes both contribute to cardiovascular diseases
(CVD), which are also major causes of mortality and healthcare cost in the US. One third
of deaths are attributable to CVD, (19-20) and the total cost of CVD, including healthcare
costs and lost productivity due to premature mortality, was estimated at $312.6 billion in

2009.(21)

Lifestyle change programs are recommended for weight management and for
prevention or delay of the development of chronic diseases.(22) They can be highly
effective; in the landmark US Diabetes Prevention Program (DPP), participants exhibited
7% weight loss and a 58% reduction in diabetes incidence.(23) In recognition of the
substantial burden of obesity and chronic disease affecting the veteran population,(24-26)
the Veterans Health Administration (VA) implemented a lifestyle change program called
MOVE!. To date, it is the largest lifestyle change program in the US, with over 400,000
participants since 2005.(27) A regional evaluation of the program demonstrated modest
weight loss,(28) but little is known about other potential health benefits associated with
participation. Studying the MOVE! program offers a unique opportunity to examine a
healthcare system-based lifestyle change program that has been implemented on a

national scale.



The following chapter examines obesity, diabetes, and cardiovascular disease
epidemiology in the US and the use of lifestyle change programs as a component of
preventive care, including the VA’s MOVE! program (Chapter 2). Chapter 3 provides an
overview of the VA’s national data and methodological issues specific to our analyses.

The next three chapters describe substantive results:

e In Chapter 4, we describe the characteristics of MOVE! program
participants compared to eligible non-participants, as well as the
associations between participation and both weight change and diabetes

incidence.

e In Chapter 5, we examine the association between MOVE! program
participation and change in CVD incidence, including total CVD,
coronary artery disease (CAD), cerebrovascular disease (CBD), peripheral

vascular disease (PVD), and heart failure (HF).

e In Chapter 6, we examine MOVE!-eligible patients with diabetes, and the
association between participation and aspects of diabetes management
such as glucose control, incidence of diabetes complications (eye disease

and renal disease), and medication intensification.

The final chapter summarizes the main findings and explores the limitations, strengths,

and implications of this research.

Although several landmark studies have established the ability of lifestyle change

programs to decrease diabetes incidence, (23, 29-31) there is limited understanding of the



potential impact of a lifestyle change program implemented in a healthcare setting, as has
been recommended for widespread translation.(32-33) Our first aim is to examine the
association of MOVE! participation with diabetes incidence, among eligible patients
without diabetes. In addition to the knowledge gap regarding healthcare-based
implementation, there is mixed evidence regarding the impact of lifestyle change
programs on cardiovascular disease incidence, and relatively few studies have had
sufficient sample size to examine cardiovascular endpoints.(34-37) Our second aim is to
examine the association between MOVE! and cardiovascular disease incidence, among
VA patients without CVD at baseline. Lastly, evidence is scarce regarding the impact of
lifestyle change programs on diabetes management, and particularly microvascular
outcomes.(34) Our third aim is to investigate the association between MOVE! and
diabetes management, including glucose control, incidence of eye disease, incidence of

renal disease, and medication intensification.
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Chapter 2: Literature Review

Epidemiology of Overweight and Obesity

The national prevalence of obesity has increased dramatically since the 1970s.(1)
Current estimates suggest that 68% of US adults are overweight or obese, defined as
body mass index (BMI) 25-29.9 kg/m? or BMI >30kg/m?, respectively.(2) Among all
adults, 35% are obese, and — particularly among women — prevalence is higher among
racial/ethnic minorities: 54% of non-Hispanic black women and 45% of Mexican-
American women are obese, compared to 33% of non-Hispanic white women.(3)
Explanations for the recent rise in obesity include increased sedentary activity such as
television viewing, increased consumption of sugar-sweetened beverages, and increased
overall caloric consumption.(4-5) For example, between 1971 and 2004, average total
caloric consumption increased by 22% among women and 10% among men.(3)
Additional factors contributing to the rise of obesity have been proposed, including
demographic shifts (such as the aging of the population and increased proportion of
minorities), reduced sleep, increased exposure to endocrine disruptors, increased climate
control reducing daily energy expenditure, reduced smoking, and epigenetic

mechanisms.(6)

If linear trends were to continue, Wang et al. projected that by 2048, the entire US
population would be either overweight or obese,(7) while more conservative estimates
have predicted that the obesity prevalence will reach 42% by 2030.(8) The rising obesity

prevalence has had a profound impact on medical costs. The rise in obesity and obesity-
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related spending between 1987 and 2001 may explain 27% of the rise in inflation-
adjusted per capita medical costs during the same period.(9) Medical spending for obese
persons is an estimated 42% higher than for normal weight individuals, and the total

medical cost of obesity was estimated at $147 billion in 2008.(10)

Obesity is associated with lower quality of life, and an extensive range of social,
emotional, and health consequences.(11) Socially, obese individuals experience stigma
and discrimination.(12) Overweight and obese individuals are at greater risk of mental
illness such as depression,(13) as well as conditions such as Alzheimer’s disease and
dementia.(14) Obesity is also associated with numerous physical comorbidities, such as
cancer, sleep apnea, musculoskeletal conditions including osteoarthritis (a chronic
condition in which a joint’s cartilage deteriorates) and plantar fasciitis (characterized by
inflammation and structural deterioration in the foot), nonalcoholic fatty liver disease,

dermatologic conditions, and reproductive disorders in both women and men.(15)

In addition to a substantial burden of morbidity, obesity is associated with
increased mortality. An estimated 112,000 excess deaths were attributable to obesity in
the United States in 2000.(16) Specifically, obesity has been associated with increased
CVD mortality, and overweight and obesity together have been associated with increased
mortality from diabetes and kidney disease.(17) In the Framingham Heart Study, 40-year-
old men and women lost 3 years of life expectancy due to overweight, while men lost 6

years and women lost 7 years due to obesity.(18)
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Epidemiology of Diabetes

Diabetes mellitus is a set of metabolic diseases characterized by elevated blood
glucose levels. While insufficient insulin production by the pancreas is the root cause,
most commonly insulin secretion is present but insufficient to compensate for increased
insulin resistance. Type 2 diabetes mellitus accounts for over 90% of diabetes cases
among adults in the US,(19) and for the purposes of this dissertation, the term “diabetes”
will be used to refer to type 2 diabetes mellitus. The lifetime risk for development of
diabetes has been estimated at 33-53%.(20) Obesity is strongly associated with the
development of diabetes; the Nurses’ Health Study found that for each 5-unit increase in
BMI, the risk of diabetes doubled.(21) As obesity has increased in the US in recent
decades, the prevalence of diabetes has also increased sharply.(22) The prevalence of
diabetes mellitus was estimated at 11.3% in 2011,(23) with an additional 38.3% of adults
having prediabetes.(3) Prediabetes is defined as an intermediate form of dysglycemia, in
which blood glucose or hemoglobin Alc (HbALc) levels are above the threshold
considered to be “normal”, but have not yet reached levels required for diagnosis of
diabetes. According to the American Diabetes Association (ADA), prediabetes includes
impaired fasting glucose (IFG) of 100 to 125 mg/dL (fasting plasma glucose) and/or
impaired glucose tolerance (IGT) of 140 to 199 mg/dL (plasma glucose measured two
hours after administration of a 75-gram oral glucose tolerance test), and diabetes is
diagnosed above these thresholds (> 126 mg/dL fasting, and/or > 200 mg/dL post-
challenge). By ADA criteria for HbAlc, prediabetes is defined as 5.7% to 6.4%, and

diabetes is > 6.5%.
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Complications of diabetes are a major cause of morbidity in the US. Diabetic
nephropathy occurs in 20-40% of persons with diabetes,(24) and diabetes is the leading
cause of kidney failure in adults.(25) Diabetic nephropathy occurs when high glucose
concentration, which is toxic to cells of the vascular endothelium, causes damage over
time (angiopathy) in the capillaries of the kidney glomeruli, which filter blood. This
damage can impair filtration and lead to the leakage of proteins, like albumin, into the
urine (proteinuria). Kidney disease can be diagnosed early, when small amounts of
albumin leak into the urine (microalbuminuria), or it can be diagnosed later, when the
concentration of albumin in the urine is greater (macroalbuminuria). As kidney disease
progresses, the kidneys lose their ability to filter waste products from the blood, and
patients in end stage renal disease (ESRD) who suffer kidney failure require either kidney

transplant or dialysis.

Among US adults, diabetes is also the leading cause of new cases of
blindness,(25) due to progression of diabetic eye disease. Eye disease is a common
complication of diabetes; in one population, retinopathy affected over three quarters of
patients who had diabetes for at least 15 years.(26) Diabetic retinopathy occurs when
hyperglycemia damages blood vessels in the retina, which is the light-sensing lining at
the back of the eye. The retina is a highly metabolically active tissue, and requires a
regular oxygen supply. Diabetes can damage blood supply in the eye and cause hypoxia,
which is thought to be the mechanism underlying many eye disease complications
associated with the disease.(27) As damage progresses, the growth of new blood vessels
can occur (proliferative retinopathy). These vessels often leak blood and other fluid in the

eye, causing swelling or clouded vision. Excess fluid in the lens of the eye can also
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change the eye’s ability to focus and create blurred vision. Diabetes is also associated
with increased risk of cataracts (clouding or fogging of the lens of the eye) and glaucoma

(excess pressure in the eye which can damage nerves and increase blood pressure in the

eye).

In addition to diabetic kidney disease and eye disease, another complication of
diabetes is neuropathy. Diabetes is the leading cause of non-traumatic lower-limb
amputations in adults,(25) which can result when nerve damage and poor circulation lead
to non-healing ulcers. Other forms of morbidity associated with diabetes include
increased risk of dental disease, nervous system damage, hypertension, heart disease, and
stroke.(25) Diabetes is also associated with lower quality of life,(28) and increased risk of
mortality. Diabetes was the seventh leading cause of death in the US in 2007, according
to death certificates, and it may be substantially underreported.(25) The risk of death is
twice as high among people with diabetes as among similarly-aged persons without the

disease.(25)

Diabetes substantially increases medical costs. It has been estimated that persons
with diabetes have average medical expenditures 2.3 times higher than persons without
the disease.(25) In 2012, the total cost of diabetes was estimated at $245 billion,(29) and
health care costs attributable to prediabetes and diabetes are projected to yield a

cumulative cost of $3.5 trillion over the next decade.(30)
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Epidemiology of CVD

Cardiovascular diseases include disorders of the coronary, cerebral, and
peripheral circulation as well as heart failure, and are major causes of morbidity,
mortality, and healthcare cost in the US.(31-32) CVD accounts for one third of deaths in
the US, and coronary artery disease is the largest contributor, accounting for
approximately one in six US deaths in 2009.(3) Coronary artery disease prevalence was
estimated at 6.4% among adults in 2007-2010 based on National Health and Nutrition
Examination Survey (NHANES) data,(3) and the lifetime risk of developing CAD after
40 years was estimated at 1 in 2 for men and 1 in 3 for women.(33) Stroke prevalence
was estimated at 2.8% in 2007-2010 NHANES data, (3) and the lifetime risk for stroke
among persons age 55 to 75 was approximately 1 in 5 among women and 1 in 6 among
men.(34) Peripheral artery disease prevalence was estimated at 4.6% (age- and sex-
standardized) in NHANES 1999-2004 data, and the risk was increased among the elderly,
non-Hispanic blacks, and women.(35) The prevalence of heart failure was 2.2% among
US adults in NHANES 2007-2010, and at age 40, the lifetime risk of heart failure is one

in five.(3)

The total cost of CVD and stroke was estimated at $312.6 billion in 2009,
including healthcare costs and lost productivity due to premature mortality.(3) Of the
twenty most costly diagnoses in 2008, heart conditions ranked highest (with $95.6 billion
in direct costs), followed by hypertension (ranked 7", $47.4 billion), stroke (ranked 16",

$18.8 billion) and other circulatory conditions (19", $17.6 billion).(3)
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Many individuals are at increased risk of cardiovascular events due to risk factors
that could largely be modified by changes in behavior. For example, according to
NHANES data from 2005-2010, 23% of US adults were current smokers, 54% had
higher than optimal cholesterol levels (>200 mg/dL), 57% had higher than optimal blood
pressure (>120/80 mmHg), and 32% did not engage in any leisure-time physical
activity.(36) Modifiable factors account for a substantial proportion of CVD mortality; it
was estimated that the population attributable fraction (the proportional reduction in
mortality that would be expected if the risk factor were eliminated from the population)
of CVD mortality was 41% for elevated blood pressure, 14% for smoking, 13% for poor
diet, 12% for lack of physical activity, and 9% for high glucose levels.(36) Obesity has
been associated with increased coronary artery disease,(37) cerebrovascular disease,(38)

peripheral vascular disease,(39) and heart failure.(40-41)

Obesity, Diabetes, and CVD in the VA

The Veterans Health Administration (VA) is the largest integrated single-payer
healthcare system in the US. Its network in 2013 included 151 hospitals and 825
community-based outpatient clinics (CBOCs).(42) The VA serves a population of 8.8
million veterans,(43) of whom approximately 6 million receive healthcare services each
year.(44) In 2012, there were 83.6 million outpatient visits in the VA system, and

703,500 inpatient admissions.(45)

Eligibility for VA care is based on service-connected disability or poverty, and

the veteran population served by the VA is generally disadvantaged and in poorer health



17

compared to patients receiving care in other settings. Compared to veterans who receive
care outside of the VA, veterans who use VA services for their health care are more
likely to be poor (23% with annual income under $15,000 vs. 6% of veterans receiving
care outside of the VA), less-educated (16% with less than high school education vs.
7%), and minorities (15% black and 8% Hispanic vs. 7% and 5%, respectively).(46) In
addition, veterans receiving care at the VA have poorer health than other veterans: they
were more likely to have “fair or poor” health status (37% vs. 16%), to be disabled (19%
vS. 7%), and to be smokers (34% vs. 22%).(46) VA patients also tend to have poorer
health when compared against general civilian populations.(47) Veterans receiving care
at the VA have substantially worse health-related quality of life compared to general
populations receiving care in non-VA settings, including dimensions of physical
functioning, role limitations due to physical or emotional problems, pain, general health
perceptions, vitality, and social functioning.(48) VA patients also have a substantial

burden of mental illness, including depression and PTSD. (48) (49)

Obesity presents a considerable burden for the VA system. Nearly three quarters
of VA patients are overweight or obese,(50) and veterans receiving care at the VA have a
higher prevalence of obesity than veterans receiving care elsewhere and non-
veterans.(51) As a greater prevalence of obesity is observed among racial/ethnic
minorities,(52) those with lower socioeconomic status,(52) persons with disabilities,(53-
54) persons with mental illness,(55-57) and older adults,(58) the demographics and
health characteristics of the VA population likely contribute to its high prevalence of

obesity.
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Nearly one in five VA patients had diabetes in 2000, and the burden of disease is
steadily increasing with a yearly incidence of 2%.(59) The VA prevalence of 19.6% is
higher than that of the general adult population, due in large part to the higher proportion
of older persons in the VA. Prevalence rises from approximately 4% among veterans
aged 18-44y to a peak of 27% among those 65-74 years.(59) As nearly half of VA
patients are over age 64, the age distribution of the VA population is a strong contributor
to the high prevalence of disease.(59) In addition, other characteristics of the VA
population may contribute to the high prevalence of diabetes, including the proportion of
minorities, persons in poverty, and persons with disabilities.(60) For example, the age-
adjusted prevalence of diabetes in 2008 was 44% higher among blacks than among
whites, 113% higher among the poorest compared to the richest, and 166% higher among

those with a disability compared to those without.(60)

In part due to high prevalence of diabetes, veterans receiving care at the VA are
also at high risk of cardiovascular disease. In the VA, 58% of patients have dyslipidemia
or hypertension, and 30% have both conditions.(61) Demographic characteristics of the
VA population may play a role in the prevalence of CVD risk factors: older age, African
American race, lower educational attainment, lower income, and disability were all
associated with increased prevalence of hypertension in NHANES 2005-2008.(62) In the
VA’s 1999 fiscal year, the prevalence of ischemic heart disease was estimated at 16.4%,
cerebrovascular disease 2.1%, peripheral vascular disease 3.9%, and congestive heart

failure 4.7%.(63)

Diabetes and cardiovascular disease substantially increase costs and resource use

for the VA. Total costs for VA services among veterans with diabetes were estimated at
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$1.67 billion in 1998, including $1.45 billion for inpatient care and $215 million for
outpatient care.(64) In 2000, patients with diabetes accounted for 30% of all VA
pharmacy prescriptions, although they represented only 18% of patients.(65) Pharmacy
costs were 79% higher among veterans with diabetes.(65) In addition to the costs of
diabetes, cardiovascular diseases also increase costs. For example, in fiscal year 1999, the
annual marginal cost (above the average patient cost of $4,947 per year) was $4,942 per
patient for ischemic heart disease, $3,406 per patient for cerebrovascular disease, $9,268
per patient for peripheral vascular disease, and $8,340 per patient for congestive heart

failure.(63)

Pathophysiology of Obesity’s Contributions to Diabetes and C\VVD

Obesity is associated with increased risk of diabetes, and the two maladies have
overlapping and far-reaching health effects, including substantially increased risk of
stroke and cardiovascular disease.(66-67) Several key mechanisms have been proposed to
explain the ways in which excess weight affects cardiovascular and metabolic health.
Adipose tissue — particularly visceral fat in the abdominal region — functions as an
endocrine organ, releasing inflammatory adipokines that increase risk for atherosclerosis
and thrombosis (contributing to cardiovascular disease), and insulin resistance
(contributing to diabetes).(15, 68) In addition, visceral fat produces free fatty acids that
may impair endothelial and vascular function (contributing to cardiovascular disease) and
may decrease insulin sensitivity (contributing to diabetes).(69) Oxidative stress has been
proposed as one mechanism by which insulin resistance may lead to dysfunction in the

beta cells and the endothelium, and eventually to diabetes and CVD.(70)
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Increasing insulin resistance may reveal latent beta cell dysfunction, when beta
cells become unable to compensate for insulin resistance by increasing insulin secretion.
The combination of insulin resistance and inadequate beta cell function can contribute to
a broad group of pathophysiologic characteristics that occur in diabetes, including:
increased glucose release from the liver, decreased glucose uptake by muscles, decreased
insulin secretion from the B-cells of the pancreas, increased lipolysis in fat cells, excess
glucagon secretion from the a-cells of the pancreas, increased glucose reabsorption by the
kidney, and neurotransmitter dysfunction related to insulin resistance in the brain.(71) In
turn, diabetes impairs vascular function and increases risk of CVD via numerous
mechanisms, such as: impaired platelet function, impaired vascular smooth muscle
function, increased oxidative stress (due to a hyperglycemic environment), inactivation of
endothelium-derived nitric oxide (an important molecule synthesized by endothelial cells
that allows for vasodilation), increased free fatty acid levels (due to increased lipolysis in
fat cells), and impaired endothelium-dependent vasodilation (due to insulin

resistance).(72)

Finally, obesity and diabetes are both associated with dyslipidemia, which
increases cardiovascular risk. This form of abnormal lipid metabolism is characterized by
smaller, denser, and more numerous low-density lipoprotein (LDL) particles, increased
very low-density lipoprotein (VLDL) particles, increased triglycerides, and reduced high-
density lipoprotein (HDL) particles.(15) Atherosclerosis occurs as LDL particles enter
the arterial wall via a damaged endothelium and accumulate with white blood cells to
form plaques. (73) As atherosclerosis worsens, distinct forms of cardiovascular disease

may occur. Coronary artery disease occurs when stable plaques build up in the heart’s
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arteries. These can be painless or can cause chest pain (angina), and if they rupture, clots
can block arteries and cause heart attacks.(74) Prolonged damage to the heart can lead to
heart failure, in which the heart can no longer pump sufficient blood to meet the body’s
needs.(75) Cerebrovascular disease (stroke) occurs when blood supply is blocked or a
plaque ruptures in an artery of the brain causing permanent brain damage.(76) If a
blockage leads to only temporary stroke-like symptoms, it is called a transient ischemic
attack, and these are associated with substantially increased risk of subsequent stroke.
Peripheral vascular disease occurs when arteries are hardened or blocked in the legs or

arms, leading to pain, poor circulation, and poor wound healing.(75)

Lifestyle Change Programs

Impact on Weight Loss and Diabetes Incidence

Lifestyle change programs are recommended for weight management,(77) as well
as for the prevention or delay of diabetes.(24) These recommendations are based on the
results of several landmark trials that have demonstrated the effectiveness of such
interventions. For example, participants in the multicenter, randomized US Diabetes
Prevention Program (DPP) exhibited 7kg weight loss in the first year of the intervention
(approximately 7% of body weight), and approximately 4kg weight loss at 3 years
(~4%).(78) The DPP, which enrolled 3,234 subjects with impaired glucose tolerance,
tested an intensive lifestyle intervention arm in which 1,079 participants engaged in 16
core educational sessions and were encouraged by individual “lifestyle coaches” to lose
7% of their body weight and achieve 150 minutes of weekly physical activity.(79)

Among lifestyle change participants, diabetes incidence was reduced by 58% after 3
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years,(78) with a sustained reduction of 34% over 10 years observed in the follow-up US

Diabetes Prevention Program Outcomes Study (DPPOS).(80)

Similarly, the Da Qing IGT and Diabetes Study observed 51% reduction in
diabetes incidence among diet-and-exercise participants during the intervention, and the
follow-up study reported a 43% reduction over 20 years.(81) In this 6-year intervention
from 1986-1992, 577 adults with IGT were randomized to control, diet, exercise, or diet
plus exercise. (82) The intervention consisted of weekly counseling for 1 month,
followed by monthly counseling for 3 months, and then counseling once every three
months for the rest of the intervention. Dietary group participants were encouraged to
undertake caloric restriction among overweight participants with a targeted loss of 0.5-1
kg/month, and both normal weight and overweight participants were encouraged to
improve dietary composition (increase vegetable intake, decrease alcohol intake, and
decrease simple sugar intake), while physical activity group participants were encouraged

to undertake a moderate increase in daily exercise (such as 30 minutes of walking).

The lifestyle change program of the Finnish Diabetes Prevention Study reduced
diabetes incidence by 58% over 3 years,(83) and 43% over 7 years of follow-up.(84) The
study enrolled middle-aged, overweight subjects with IGT, who were randomized to
usual care or an intensive lifestyle intervention consisting of (a) individualized dietary
counseling from a nutritionist to promote weight loss, reduced fat intake, and increased
fiber intake; (b) resistance exercise training; and (c) encouragement to increase physical
activity. Intervention participants lost 4.5 kg of weight at 1 year, and maintained a loss of
3.5 kg by year 3, while control participants lost approximately 1kg and maintained the

loss.
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A meta-analysis of lifestyle change program trials conducted among high-risk
individuals demonstrated an overall 50% reduction in diabetes incidence.(85) Given the
strength of these findings, lifestyle change programs have been adapted and translated
more broadly. Specifically, the DPP has been adapted for group-based delivery, and has
been implemented in community settings.(86) A review of community-based DPP

translations observed an average of approximately 4% weight loss over 12 months.(87)

With a cost of $12,878 per quality-adjusted life year (QALY), the lifestyle change
program in the DPP was found to be cost-effective over 10 years.(88) After assessing the
benefits and cost-effectiveness of lifestyle change programs, the American Heart
Association recommended that lifestyle change programs should be covered by third-
party payers.(24) Healthcare system-based implementation is being employed in Europe,
with promising initial results from the Finnish National Program for the Prevention of
Type 2 Diabetes (FIN-D2D).(89) However, evidence of the impact of healthcare-based

lifestyle change programs in the US is lacking.

Impact on CVD Risk Factors and CVD Incidence

Much of the burden of cardiovascular disease can be reduced through
management of clinical and lifestyle risk factors, including blood pressure, lipid levels,
smoking status, weight, and physical activity.(90-91) Lifestyle change, such as improved
diet and exercise behavior, is a recommended strategy for the prevention or delay of the

development of cardiovascular disease.(92) However, evidence of the impact of lifestyle
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change programs on cardiovascular disease risk factors is mixed, and few studies have
had sufficient sample size to study cardiovascular disease incidence.(93-98)

Some studies indicate a benefit of lifestyle change programs for cardiovascular
risk factors, particularly among high-risk groups. The DPP Outcomes Study
demonstrated reductions in CVD risk factors, including improvements in systolic and
diastolic blood pressure, LDL cholesterol, triglycerides, and HDL cholesterol among all
groups, even though lipid and blood pressure medication use was lower among lifestyle
change participants.(97) In addition, four-year results of the multicenter Look AHEAD
study in diabetes patients revealed improvements in HbAlc levels, blood pressure, and
HDL.(93) A small randomized trial among severely obese (Class Il and I11) participants
reduced blood pressure, waist circumference, and insulin resistance.(99) A review
demonstrated very modest but significant changes in blood pressure and cholesterol
among general population participants.(100)

Evidence regarding impact on CVD is limited and mixed. The Look AHEAD trial
of lifestyle change among diabetes patients did not reduce CVD incidence,(101)
although it has been suggested that differential statin use, and weight loss in the controls
(-3.5% by the end of the trial), may have confounded results.(101-102) A recent
Cochrane review indicated that multifactorial lifestyle change programs have not affected
CVD mortality among general populations, but did demonstrate benefit among trials
restricted to high-risk participants with diabetes or hypertension (OR 0.71 for total
mortality, 95% C1 0.61 to 0.83; OR for fatal and nonfatal CVVD events 0.78, 95% CI 0.68

to 0.89).(100)
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Impact on Diabetes Management

There is limited evidence supporting the potential for lifestyle change programs to
positively impact diabetes management and to reduce diabetes complications.(95)
Clinical guidelines recommend improving glucose control, blood pressure, and lipid
levels in order to reduce diabetic nephropathy and diabetic retinopathy.(24) To the extent
that lifestyle change programs can affect glucose control, blood pressure, and lipid levels,
it is conceivable that they could reduce these common complications of diabetes.
However, there have been few studies of the impact of lifestyle change programs on
microvascular outcomes.(95) At this time, microvascular results are still forthcoming
from the Look AHEAD trial: initial findings presented at the 2013 American Diabetes
Association meeting indicated that lifestyle change participants had 31% lower incidence
of advanced renal disease and 14% lower incidence of retinopathy (103-104). The China
Da Qing Diabetes Prevention Outcomes study found that lifestyle intervention was
associated with a lower incidence of severe retinopathy (HR 0.53, 0.29-0.99) but not
nephropathy (HR 1.05, 0.16-7.05).(105) The multidimensional Steno-2 trial, which
incorporated both lifestyle change and pharmacotherapy, reported a reduction in
progression of retinopathy (OR 0.45, 0.21-0.95) and nephropathy (OR 0.27, 0.10-0.75)
among participants with diabetes.(106) Unfortunately, this intervention included
pharmacotherapy, so the results may not be representative of lifestyle change programs
incorporating only diet, exercise, and motivational components. On the other hand,
weight loss may be an important component in preventing or delaying diabetes

complications: a recent review has linked weight loss in chronic kidney disease patients
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to improved renal function, including decreased proteinuria and higher glomerular
filtration rate (GFR) (107).

Although there are few studies of lifestyle change programs that examined
diabetes outcomes, more studies have investigated intermediate outcomes. For example,
lifestyle change programs have been associated with modest indications of benefit in
weight and glucose control among patients with diabetes.(108-109) One small-scale (147
subjects) healthcare-based randomized trial among obese persons with diabetes showed
reduced weight (-3.0kg at 12 months) and HbA1c, although impact on HbAlc was
modest and no longer statistically significant at 12 months (-0.2%, p=.45) (110). Lifestyle
change programs have also demonstrated reduced medication usage among participants

with diabetes (110-111).

Unfortunately, some evidence suggests that lifestyle change participants with
diabetes may not lose weight as well as participants without diabetes, or may not sustain
changes beyond the end of lifestyle interventions.(95, 112-113) Patients with diabetes
may have greater difficulty adhering to dietary and exercise regimens,(114) and they face
numerous barriers to lifestyle change.(115) In particular, weight loss or maintenance
may be more difficult among persons with diabetes, due to the weight gain associated
with use of some antidiabetes medications and insulin, the risk of hypoglycemia with
weight loss (particularly if medications are not adjusted proactively), and the mental and
emotional effects of previous failed weight loss attempts.(116-118) Further research is
needed to determine the extent to which lifestyle change program participation can

favorably impact diabetes management among patients with diabetes.
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The VA’s MOVE! Program

In recognition of the substantial burden of obesity, diabetes, and cardiovascular
disease among the VA population, the VA has implemented policies to improve chronic
disease care such as the use of relevant performance measures. The quality of VA
diabetes care now consistently compares favorably against other care systems including
private healthcare,(119-121) academic institutions,(122) and Medicare.(123-124)
However, the VA has also taken steps to enhance disease prevention efforts. In 2002, the
National Center for Health Promotion and Disease Prevention began developing the
MOVE!® program. The acronym, MOVE!, stands for Managing Overweight and/or
Obesity in Veterans Everywhere, although use of the original name has since been
dropped in favor of the abbreviation.

The program is based on the National Heart, Lung, and Blood Institute’s Clinical
Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in
Adults.(125) MOVE! was developed for rapid adoption across VA facilities: it includes a
toolkit of curriculum modules, patient handouts, promotional materials, staff training, and
administrative manuals. MOVE! was piloted in 2003 and 2004, then revised based on
patient and staff feedback, and began being fully rolled out in 2005.(126) It was
mandated to be implemented across VA facilities in 2006,(127) and by 2009, nearly all
(98.7%) VA facilities had implemented MOVE!.(126) Currently, MOVE! is the largest
lifestyle change program in the US, with over 400,000 participants since 2005.(128)

Primary care patients in the VA are screened for obesity at least every two
years.(126) MOVE! is offered to veterans who are obese (BMI > 30), or who are

overweight (BMI 25-29.9) with at least one weight-related health condition such as
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diabetes, hypertension, dyslipidemia, osteoarthritis, or sleep apnea, if the physician
deems weight loss to be appropriate. Patients with serious illness or limited life
expectancy are excluded.(126) MOVE! is targeted to veterans under age 70, due to
uncertainty about adverse effects of overweight among those beyond this age.(129-130)
The MOVE! program typically involves 8-12 group-based educational sessions
on nutrition, physical activity, goal-setting, and maintenance.(126) The standard MOVE!
curriculum includes an orientation session and 10 core modules emphasizing reading
food labels and selecting healthy choices, reducing fat intake, balancing energy intake
with energy output and evaluating portion sizes, walking with a pedometer and physical
activity modifications for wheelchair users, setting physical activity goals and
overcoming barriers, exercising safely, the importance of planning ahead, modifying
one’s environment for success, resolving difficulties, and staying motivated. The MOVE!
curriculum uses an intake questionnaire (originally a 23-item questionnaire, called
Move!23, but recently shortened and revised to the Move!11), which assesses medical
history, weight-management history, barriers to lifestyle change, and readiness to
change.(126) The questionnaire is used to offer tailored support and the MOVE!
curriculum includes handouts that can be given in response to particular issues that
participants identify as areas in which they struggle, such as eating in restaurants,
exercising on a budget, and quitting smoking. As of the time of writing, there were 31
handouts pertaining to nutrition issues, 39 for physical activity, 36 for behavioral health
and motivation, and 9 miscellaneous handouts (including topics such as handling weight

loss plateaus, keeping a food diary, and the benefits of losing 10% body weight).
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Unlike the US Diabetes Prevention Program, MOVE! sessions are generally
offered on a rolling admissions basis, and sessions are structured as independent units
(which can be taken in any order) rather than as a successively building curriculum.
MOVE! also incorporates elements of motivational interviewing,(131) encouraging
participants to set their own targets for physical activity, nutrition, and weight loss, rather
than following program-prescribed goals. MOVE! staff assist patients in setting 1-3 short
term behavior change goals, and also provide diet and physical activity logs for
participants to use to monitor their behavior.(126) Implementation may vary across VA
facilities in terms of procedures for enroliment, organization, delivery format (group-

based, individual, or phone), and curriculum.(127, 132-133)

Impact of the Program

Relatively few studies have examined the effects of MOVE!, and most have been
restricted to local settings. One of the largest studies evaluated the results of MOVE! in
four Western states, and observed modest weight loss at six months and one year (-1.3 Ib
in participants compared to non-participants at six months, and -0.9 Ib at one year).(134)
However, half of the participants were found to have only attended a single session.
Weight loss was greater among participants who engaged more actively with the

program; those with at least 6 MOVE! encounters lost more weight (-3.7 1b).(134)

Despite only modest changes in weight, MOVE! participation has been associated
with improvement in health-related quality of life.(135) In the absence of substantial
weight loss, some of the benefit of MOVE! may derive from halting an upward trend of

weight gain among participants. In a study of MOVE! participants in Miami, veterans
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gained approximately 2 kg/year prior to MOVE! enrollment, but this slope of weight
change was significantly different after initiation of MOVE! attendance.(136)
Participants who only attended an initial MOVE! session (completing an intake
questionnaire and receiving tailored handouts and a telephone follow-up) halted the trend
of weight gain, and participants who engaged in more MOVE! group sessions achieved
an average weight loss of 1.6 kg/year.(136) A study of MOVE! in Los Angeles (restricted
to patients who participated in at least 3 MOVE! sessions) observed similar findings, in
which patients gained approximately 1.4 kg/year prior to MOVE! enroliment, and lost an
average of 2.2 kg after enrollment (with a significant difference in pre-enrollment vs.

post-enrollment slope of weight change).(137)

Summary

In summary, obesity, diabetes, and CVD are considerable public health
challenges. Lifestyle change programs have demonstrated the potential to reduce weight
and diabetes incidence — particularly in high-risk patients with prediabetes — and may
impact microvascular and macrovascular health outcomes. Implementing such programs
in healthcare settings may offer a powerful strategy to scale up, given that 85% of
population has health insurance.(138) However, little is known about implementation in
healthcare settings. The VA’s MOVE! program is the largest such program in the US,
and offers a unique opportunity for examining a national, healthcare-based lifestyle
change program. To our knowledge, no prior studies have been conducted to examine the
association between MOVE! participation and cardiometabolic health outcomes,

including diabetes incidence, CVD incidence, and management of existing diabetes.



31

References

1. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, et al.
Prevalence of Obesity, Diabetes, and Obesity-Related Health Risk Factors, 2001. Jama.
2003;289(1):76-9.

2. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and Trends in Obesity
among Us Adults, 1999-2008. JAMA. 2010;303(3):235-41.

3. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et al.
Heart Disease and Stroke Statistics--2013 Update: A Report from the American Heart
Association. Circulation. 2013;127(1):e6-e245.

4. Olsen NJ, Heitmann BL. Intake of Calorically Sweetened Beverages and Obesity.
Obes Rev. 2009;10(1):68-75.

5. Boulos R, Vikre EK, Oppenheimer S, Chang H, Kanarek RB. Obesitv: How
Television Is Influencing the Obesity Epidemic. Physiol Behav. 2012;107(1):146-53.

6. Keith SW, Redden DT, Katzmarzyk PT, Boggiano MM, Hanlon EC, Benca RM,
et al. Putative Contributors to the Secular Increase in Obesity: Exploring the Roads Less
Traveled. International journal of obesity (2005). 2006;30(11):1585-94.

7. Wang Y, Beydoun MA, Liang L, Caballero B, Kumanyika SK. Will All
Americans Become Overweight or Obese? Estimating the Progression and Cost of the Us
Obesity Epidemic. Obesity (Silver Spring). 2008;16(10):2323-30.

8. Finkelstein EA, Khavjou OA, Thompson H, Trogdon JG, Pan L, Sherry B, et al.
Obesity and Severe Obesity Forecasts through 2030. Am J Prev Med. 2012;42(6):563-70.



32

9. Thorpe KE, Florence CS, Howard DH, Joski P. The Impact of Obesity on Rising
Medical Spending. Health Aff (Millwood). 2004;Suppl Web Exclusives:W4-480-6.

10. Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual Medical Spending
Attributable to Obesity: Payer-and Service-Specific Estimates. Health Aff (Millwood).
2009;28(5):w822-31.

11.  Taylor VH, Forhan M, Vigod SN, Mclintyre RS, Morrison KM. The Impact of
Obesity on Quality of Life. Best Practice & Research Clinical Endocrinology &
Metabolism. 2013;27(2):139-46.

12.  Puhl RM, Heuer CA. The Stigma of Obesity: A Review and Update. Obesity.
2009;17(5):941-64.

13.  Simon GE, Von Korff M, Saunders K, et al. Association between Obesity and
Psychiatric Disorders in the Us Adult Population. Archives of General Psychiatry.
2006;63(7):824-30.

14.  Anstey KJ, Cherbuin N, Budge M, Young J. Body Mass Index in Midlife and
Late-Life as a Risk Factor for Dementia: A Meta-Analysis of Prospective Studies. Obes
Rev. 2011;12(5):e426-37.

15. Brown WV, Fujioka K, Wilson PW, Woodworth KA. Obesity: Why Be
Concerned? Am J Med. 2009;122(4 Suppl 1):S4-11.

16. Flegal KM, Graubard Bl, Williamson DF, Gail MH. Excess Deaths Associated
with Underweight, Overweight, and Obesity. JAMA. 2005;293(15):1861-7.



33

17. Flegal KM, Graubard BI, Williamson DF, Gail MH. Cause-Specific Excess
Deaths Associated with Underweight, Overweight, and Obesity. JAMA.
2007;298(17):2028-37.

18. Peeters A, Barendregt JJ, Willekens F, Mackenbach JP, Al Mamun A, Bonneux
L. Obesity in Adulthood and Its Consequences for Life Expectancy: A Life-Table
Analysis. Ann Intern Med. 2003;138(1):24-32.

19.  Centers for Disease Control and Prevention. National Diabetes Fact Sheet:
National Estimates and General Infomration on Diabetes and Prediabetse in the United
States. 2011 [updated 2011; cited 2014 January 19]; Available from:
http://diabetes.niddk.nih.gov/dm/pubs/statistics/#Types.

20. Narayan KM, Boyle JP, Thompson TJ, Sorensen SW, Williamson DF. Lifetime
Risk for Diabetes Mellitus in the United States. JAMA. 2003;290:1884-90.

21.  Shai |, Jiang R, Manson JE, Stampfer MJ, Willett WC, Colditz GA, et al.
Ethnicity, Obesity, and Risk of Type 2 Diabetes in Women: A 20-Year Follow-up Study.
Diabetes Care. 2006;29(7):1585-90.

22. Fox CS, Pencina MJ, Meigs JB, Vasan RS, Levitzky YS, D'Agostino RB, Sr.
Trends in the Incidence of Type 2 Diabetes Mellitus from the 1970s to the 1990s: The
Framingham Heart Study. Circulation. 2006;113(25):2914-8.

23. Centers for Disease Control and Prevention. National Diabetes Fact Sheet. 2011
[updated 2011; cited 2013 July 17]; Available from:
http://www.cdc.gov/diabetes/pubs/pdf/ndfs 2011.pdf.

24, American Diabetes Association. Standards of Medical Care in Diabetes—2014.
Diabetes Care. 2014;37(Supplement 1):S14-S80.


http://diabetes.niddk.nih.gov/dm/pubs/statistics/#Types
http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf

34

25. Centers for Disease Control and Prevention. National Diabetes Fact Sheet:
National Estimates and General Information on Diabetes and Prediabetes in the United
States, 2011. Atlanta, GA: Department of Health and Human Services; 2011.

26. Klein R, Klein BK, Moss SE, Davis MD, DeMets DL. The Wisconsin
Epidemiologic Study of Diabetic Retinopathy: lii. Prevalence and Risk of Diabetic
Retinopathy When Age at Diagnosis Is 30 or More Years. Archives of ophthalmology.
1984;102(4):527-32.

27. Kaur C, Foulds WS, Ling EA. Hypoxia-lschemia and Retinal Ganglion Cell
Damage. Clin Ophthalmol. 2008;2(4):879-89. PMCID: 2699791.

28. Rubin RR, Peyrot M. Quality of Life and Diabetes. Diabetes Metab Res Rev.
1999;15(3):205-18.

29. Association AD. Economic Costs of Diabetes in the U.S. In 2012. Diabetes Care.
2013.

30.  Vojta D, De Sa J, Prospect T, Stevens S. Effective Interventions for Stemming the
Growing Crisis of Diabetes and Prediabetes: A National Payer's Perspective. Health
Affairs. 2012;31(1):20-6.

31. Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, Brown TM, et al.
Heart Disease and Stroke Statistics—2011 Update: A Report from the American Heart
Association. Circulation. 2011;123(4):e18-e2009.

32. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, Ezekowitz MD,
et al. Forecasting the Future of Cardiovascular Disease in the United States: A Policy
Statement from the American Heart Association. Circulation. 2011;123(8):933-44.



35

33. Lloyd-Jones DM, Larson MG, Beiser A, Levy D. Lifetime Risk of Developing
Coronary Heart Disease. Lancet. 1999;353:89-92.

34. Seshadri S, Beiser A, Kelly-Hayes M, Kase CS, Au R, Kannel WB, et al. The
Lifetime Risk of Stroke: Estimates from Teh Framingham Study. Stroke. 2006;37:345-
50.

35. Eraso LH, Fukaya E, Mohler ER, 3rd, Xie D, Sha D, Berger JS. Peripheral
Avrterial Disease, Prevalence and Cumulative Risk Factor Profile Analysis. European
journal of preventive cardiology. 2012.

36.  Yang Q, Cogswell ME, Flanders WD, Hong Y, Zhang Z, Loustalot F, et al.
Trends in Cardiovascular Health Metrics and Associations with All-Cause and Cvd
Mortality among Us Adults. JAMA. 2012;307(12):1273-83.

37. Rimm EB, Stampfer MJ, Giovannucci E, Ascherio A, Spiegelman D, Colditz GA,
et al. Body Size and Fat Distribution as Predictors of Coronary Heart Disease among
Middle-Aged and Older Us Men. American Journal of Epidemiology.
1995;141(12):1117-27.

38. Katsiki N, Ntaios G, Vemmos K. Stroke, Obesity and Gender: A Review of the
Literature. Maturitas. 2011;69(3):239-43.

39.  Yiitalo KR, Sowers M, Heeringa S. Peripheral Vascular Disease and Peripheral
Neuropathy in Individuals with Cardiometabolic Clustering and Obesity: National Health
and Nutrition Examination Survey 2001-2004. Diabetes Care. 2011;34(7):1642-7.
PMCID: 3120210.

40.  Artham SM, Lavie CJ, Patel HM, Ventura HO. Impact of Obesity on the Risk of
Heart Failure and Its Prognosis. J Cardiometab Syndr. 2008;3(3):155-61.



36

41. Eckel RH, Committee FtN. Obesity and Heart Disease: A Statement for
Healthcare Professionals from the Nutrition Committee, American Heart Association.
Circulation. 1997;96(9):3248-50.

42.  National Center for Veterans Analysis and Statistics. Department of Veterans
Affairs Statistics at a Glance. 2013 [updated 2013; cited 2014 February 10]; Available
from: http://www.va.gov/vetdata/docs/Quickfacts/Stats_at_a_glance 09 30_13.pdf.

43. National Center for Veterans Analysis and Statistics. Selected Veterans Health
Administration Characteristics: Fy2002-Fy2012. 2013 [updated 2013; cited 2014
February 10]; Available from: http://www.va.gov/vetdata/Utilization.asp.

44, National Center for Veterans Analysis and Statistics. Va Benefits and Health Care
Utilization. 2011 [updated 2011; cited 2014 February 10]; Available from:
http://www.va.gov/VETDATA/docs/Quickfacts/Summer2011.pdf.

45, National Center for Veterans Analysis and Statistics. Selected Veterans Health
Administration Characteristics: Fy2002-Fy2012. 2012 [updated 2012; cited 2014

February 10]; Available from: http://www.va.gov/vetdata/Utilization.asp.

46. Nelson KM, Starkebaum GA, Reiber GE. Veterans Using and Uninsured
Veterans Not Using Veterans Affairs (VVa) Health Care. Public Health Rep.
2007;122(1):93-100. PMCID: 1802114.

47. Kazis LE, Ren XS, Lee A, Skinner K, Rogers W, Clark J, et al. Health Status in
Va Patients: Results from the Veterans Health Study. Am J Med Qual. 1999;14(1):28-38.

48. Kazis LE, Miller DR, Clark J, Skinner K, Lee A, Rogers W, et al. Health-Related
Quiality of Life in Patients Served by the Department of Veterans Affairs: Results from
the Veterans Health Study. Arch Intern Med. 1998;158(6):626-32.


http://www.va.gov/vetdata/docs/Quickfacts/Stats_at_a_glance_09_30_13.pdf
http://www.va.gov/vetdata/Utilization.asp
http://www.va.gov/VETDATA/docs/Quickfacts/Summer2011.pdf
http://www.va.gov/vetdata/Utilization.asp

37

49. Shiner B, Drake RE, Watts BV, Desai RA, Schnurr PP. Access to VVa Services for
Returning Veterans with Ptsd. Military Medicine. 2012;177(7):814-22.

50. Das SR, Kinsinger LS, Yancy WS, Jr., Wang A, Ciesco E, Burdick M, et al.
Obesity Prevalence among Veterans at Veterans Affairs Medical Facilities. Am J Prev
Med. 2005;28(3):291-4.

51. Nelson KM. The Burden of Obesity among a National Probability Sample of
Veterans. J Gen Intern Med. 2006;21(9):915-9. PMCID: PMC1831589.

52. Freedman DS. Obesity — United States, 1988-2008. MMWR. 2011;60
(Suppl):73-7.

53. Froehlich-Grobe K, Lollar D. Obesity and Disability: Time to Act. American
Journal of Preventive Medicine. 2011;41(5):541-5.

54.  Ells L), Lang R, Shield JPH, Wilkinson JR, Lidstone JSM, Coulton S, et al.
Obesity and Disability — a Short Review. Obesity Reviews. 2006;7(4):341-5.

55. Maguen S, Madden E, Cohen B, Bertenthal D, Neylan T, Talbot L, et al. The
Relationship between Body Mass Index and Mental Health among Irag and Afghanistan
Veterans. J Gen Intern Med. 2013;28 Suppl 2:5563-70. PMCID: 3695271.

56.  Godfrey KM, Lindamer LA, Mostoufi S, Afari N. Posttraumatic Stress Disorder
and Health: A Preliminary Study of Group Differences in Health and Health Behaviors.
Ann Gen Psychiatry. 2013;12(1):30. PMCID: 3852011.

57.  Mitchell KS, Aiello AE, Galea S, Uddin M, Wildman D, Koenen KC. Ptsd and
Obesity in the Detroit Neighborhood Health Study. Gen Hosp Psychiatry.
2013;35(6):671-3. PMCID: 3823753.



38

58.  Guo SS, Zeller C, Chumlea WC, Siervogel RM. Aging, Body Composition, and
Lifestyle: The Fels Longitudinal Study. The American Journal of Clinical Nutrition.
1999;70(3):405-11.

59.  Miller DR, Safford MM, Pogach LM. Who Has Diabetes? Best Estimates of
Diabetes Prevalence in the Department of Veterans Affairs Based on Computerized
Patient Data. Diabetes Care. 2004;27(suppl 2):b10-b21.

60. Beckles GL, Zhu J, Moonesinghe R. Diabetes — United States, 2004 and 2008.
MMWR. 2011;60 (Suppl):90-3.

61.  Johnson ML, Pietz K, Battleman DS, Beyth RJ. Prevalence of Comorbid
Hypertension and Dyslipidemia and Associated Cardiovascular Disease. Am J Manag
Care. 2004;10(12):926-32.

62. Keenan NL, Rosendorf KA. Prevalence of Hypertension and Controlled
Hypertension - United States, 2005-2008. MMWR. 2011;60 (Suppl):94-7.

63.  YuW, Ravelo A, Wagner TH, Phibbs CS, Bhandari A, Chen S, et al. Prevalence
and Costs of Chronic Conditions in the Va Health Care System. Medical Care Research
and Review. 2003;60(3 suppl):146S-67S.

64.  Maciejewski ML, Maynard C. Diabetes-Related Utilization and Costs for
Inpatient and Outpatient Services in the Veterans Administration. Diabetes Care. 2004;27
Suppl 2:B69-73.

65.  Weinstock RS, Hawley G, Repke D, Feuerstein BL, Sawin CT, Pogach LM.
Pharmacy Costs and Glycemic Control in the Department of Veterans Affairs. Diabetes
Care. 2004;27 Suppl 2:B74-81.



39

66.  Centers for Disease Control and Prevention. Overweight and Obesity: Causes and
Consequences. 2012 [updated 2012; cited 2012 September 30]; Available from:
http://www.cdc.gov/obesity/adult/causes/index.html.

67. Centers for Disease Control and Prevention. National Diabetes Fact Sheet. 2011
[updated 2011; cited 2012 January 5]; Available from:
http://www.cdc.qgov/diabetes/pubs/pdf/ndfs 2011.pdf.

68. Lyon CJ, Law RE, Hsueh WA.. Minireview: Adiposity, Inflammation, and
Atherogenesis. Endocrinology. 2003;144(6):2195-200.

69.  Steinberg HO, Baron AD. Vascular Function, Insulin Resistance and Fatty Acids.
Diabetologia. 2002;45(5):623-34.

70.  Ceriello A, Motz E. Is Oxidative Stress the Pathogenic Mechanism Underlying
Insulin Resistance, Diabetes, and Cardiovascular Disease? The Common Soil Hypothesis
Revisited. Arteriosclerosis, thrombosis, and vascular biology. 2004;24(5):816-23.

71. DeFronzo RA. From the Triumvirate to the Ominous Octet: A New Paradigm for
the Treatment of Type 2 Diabetes Mellitus. Diabetes. 2009;58(4):773-95.

72.  Creager MA, Luscher TF, of pwta, Cosentino F, Beckman JA. Diabetes and
Vascular Disease: Pathophysiology, Clinical Consequences, and Medical Therapy: Part I.
Circulation. 2003;108(12):1527-32.

73. Gletsu N. Nutrition and Health Sciences Lecture. Atlanta: Rollins School of
Public Health; 2010.


http://www.cdc.gov/obesity/adult/causes/index.html
http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf

40

74.  Centers for Disease Control and Prevention. Coronary Artery Disease. 2013
[updated 2013; cited 2014 February 18]; Available from:
http://www.cdc.gov/heartdisease/coronary_ad.htm.

75.  Centers for Disease Control and Prevention. Heart Disease. 2013 [updated 2013;
cited 2014 February 18]; Available from:

http://www.cdc.qgov/heartdisease/other conditions.htm.

76.  Centers for Disease Control and Prevention. Stroke. 2013 [updated 2013; cited
2014 February 18]; Available from: http://www.cdc.gov/stroke/.

77. McTigue KM, Harris R, Hemphill B, Lux L, Sutton S, Bunton AJ, et al.
Screening and Interventions for Obesity in Adults: Summary of the Evidence for the U.S.
Preventive Services Task Force. Ann Intern Med. 2003;139(11):933-49.

78. Diabetes Prevention Program Research Group. Reduction in the Incidence of
Type 2 Diabetes with Lifestyle Intervention or Metformin. New England Journal of
Medicine. 2002;346(6):393-403.

79.  Group TDPPR. The Diabetes Prevention Program (Dpp): Description of Lifestyle
Intervention. Diabetes Care. 2002;25(12):2165-71.

80.  Diabetes Prevention Program Research G. 10-Year Follow-up of Diabetes
Incidence and Weight Loss in the Diabetes Prevention Program Outcomes Study. The
Lancet. 2009;374(9702):1677-86.

81. Li G, Zhang P, Wang J, Gregg EW, Yang W, Gong Q, et al. The Long-Term
Effect of Lifestyle Interventions to Prevent Diabetes in the China Da Qing Diabetes
Prevention Study: A 20-Year Follow-up Study. Lancet. 2008;371(9626):1783-9.


http://www.cdc.gov/heartdisease/coronary_ad.htm
http://www.cdc.gov/heartdisease/other_conditions.htm
http://www.cdc.gov/stroke/

41

82.  Pan X-R, Li G-W, Hu Y-H, Wang J-X, Yang W-Y, An Z-X, et al. Effects of Diet
and Exercise in Preventing Niddm in People with Impaired Glucose Tolerance: The Da
Qing Igt and Diabetes Study. Diabetes Care. 1997;20(4):537-44.

83. Lindstrom J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriksson J, et al.
The Finnish Diabetes Prevention Study (Dps). Diabetes Care. 2003;26(12):3230-6.

84. Lindstrom J, llanne-Parikka P, Peltonen M, Aunola S, Eriksson JG, Hemio K, et
al. Sustained Reduction in the Incidence of Type 2 Diabetes by Lifestyle Intervention:
Follow-up of the Finnish Diabetes Prevention Study. Lancet. 2006;368(9548):1673-9.

85.  Yamaoka K, Tango T. Efficacy of Lifestyle Education to Prevent Type 2
Diabetes: A Meta-Analysis of Randomized Controlled Trials. Diabetes Care.
2005;28(11):2780-6.

86.  Ackermann RT, Finch EA, Brizendine E, Zhou H, Marrero DG. Translating the
Diabetes Prevention Program into the Community. The Deploy Pilot Study. Am J Prev
Med. 2008;35(4):357-63. PMCID: PMC2610485.

87.  Ali MK, Echouffo-Tcheugui J, Williamson DF. How Effective Were Lifestyle
Interventions in Real-World Settings That Were Modeled on the Diabetes Prevention
Program? Health Affairs. 2012;31(1):67-75.

88.  The Diabetes Prevention Program Research Group. The 10-Year Cost-
Effectiveness of Lifestyle Intervention or Metformin for Diabetes Prevention: An Intent-
to-Treat Analysis of the Dpp/Dppos. Diabetes Care. 2012;35(4):723-30.

89.  Saaristo T, Moilanen L, Korpi-Hyovalti E, Vanhala M, Saltevo J, Niskanen L, et

al. Lifestyle Intervention for Prevention of Type 2 Diabetes in Primary Health Care: One-



42

Year Follow-up of the Finnish National Diabetes Prevention Program (Fin-D2d).
Diabetes Care. 2010;33(10):2146-51.

90.  Stampfer MJ, Hu FB, Manson JE, Rimm EB, Willett WC. Primary Prevention of
Coronary Heart Disease in Women through Diet and Lifestyle. New England Journal of
Medicine. 2000;343(1):16-22.

91.  Schieb LJ, Greer SA, Ritchey MD, George MG, Casper ML. Vital Signs:
Avoidable Deaths from Heart Disease, Stroke, and Hypertensive Disease — United
States, 2001-2010. Morbidity and Mortality Weekly Report. 2013;62(35):721-7.

92. Pearson TA, Blair SN, Daniels SR, Eckel RH, Fair JM, Fortmann SP, et al. Aha
Guidelines for Primary Prevention of Cardiovascular Disease and Stroke: 2002 Update:
Consensus Panel Guide to Comprehensive Risk Reduction for Adult Patients without

Coronary or Other Atherosclerotic Vascular Diseases. Circulation. 2002;106(3):388-91.

93.  The Look AHEAD Research Group. Long-Term Effects of a Lifestyle
Intervention on Weight and Cardiovascular Risk Factors in Individuals with Type 2
Diabetes Mellitus: Four-Year Results of the Look Ahead Trial. Arch Intern Med.
2010;170(17):1566-75.

94. Ornish D, Scherwitz LW, Billings JH, Brown SE, Gould KL, Merritt TA, et al.
Intensive Lifestyle Changes for Reversal of Coronary Heart Disease. JAMA.
1998;280(23):2001-7.

95.  Schellenberg ES, Dryden DM, Vandermeer B, Ha C, Korownyk C. Lifestyle
Interventions for Patients with and at Risk for Type 2 Diabetes: A Systematic Review and
Meta-Analysis. Ann Intern Med. 2013;159(8):543-51.



43

96.  de Waure C, Lauret GJ, Ricciardi W, Ferket B, Teijink J, Spronk S, et al.
Lifestyle Interventions in Patients with Coronary Heart Disease: A Systematic Review.
Am J Prev Med. 2013;45(2):207-16.

97. Orchard TJ, Temprosa M, Barrett-Connor E, Fowler SE, Goldberg RB, Mather
KJ, et al. Long-Term Effects of the Diabetes Prevention Program Interventions on
Cardiovascular Risk Factors: A Report from the Dpp Outcomes Study. Diabet Med.
2013;30(1):46-55. PMCID: PMC3524372.

98.  Look AHEAD Research Group. Cardiovascular Effects of Intensive Lifestyle
Intervention in Type 2 Diabetes. New England Journal of Medicine. 2013;369(2):145-54.

99.  Goodpaster BH, Delany JP, Otto AD, Kuller L, Vockley J, South-Paul JE, et al.
Effects of Diet and Physical Activity Interventions on Weight Loss and Cardiometabolic
Risk Factors in Severely Obese Adults: A Randomized Trial. JAMA. 2010;304(16):1795-
802. PMCID: 3082279.

100. Ebrahim S, Taylor F, Ward K, Beswick A, Burke M, Davey Smith G. Multiple
Risk Factor Interventions for Primary Prevention of Coronary Heart Disease. Cochrane
Database Syst Rev. 2011(1):CD001561.

101. Look AHEAD Research Group. Cardiovascular Effects of Intensive Lifestyle
Intervention in Type 2 Diabetes. 2013 [updated 2013; cited 0 0]; null]. Available from:
http://www.nejm.org/doi/full/10.1056/NEJM0a1212914.

102. Gerstein HC. Do Lifestyle Changes Reduce Serious Outcomes in Diabetes? New
England Journal of Medicine. 2013;369(2):189-90.


http://www.nejm.org/doi/full/10.1056/NEJMoa1212914

44

103. Knowler W, editor. Impact of a Lifestyle Intervention on Diabetes Control and
Microvascular Complications. American Diabetes Association; 2013 June 24; Chicago,
IL.

104. Foster M. Look Ahead: Intensive Intervention Failed to Prevent Cv Events in
Obese Patients with Diabetes. 2013 [updated 2013; cited 2014 February 21]; Available
from: http://www.healio.com/endocrinology/cardiometabolic-
disorders/news/online/%7B98d1278c-aabf-44b1-babc-29898ba3fa32%7D/look-ahead-

intensive-lifestyle-intervention-failed-to-prevent-cv-events-in-obese-patients-with-

diabetes.

105. Gong Q, Gregg EW, Wang J, An Y, Zhang P, Yang W, et al. Long-Term Effects
of a Randomised Trial of a 6-Year Lifestyle Intervention in Impaired Glucose Tolerance
on Diabetes-Related Microvascular Complications: The China Da Qing Diabetes
Prevention Outcome Study. Diabetologia. 2011;54(2):300-7.

106. Gaede P, Vedel P, Parving HH, Pedersen O. Intensified Multifactorial
Intervention in Patients with Type 2 Diabetes Mellitus and Microalbuminuria: The Steno
Type 2 Randomised Study. Lancet. 1999;353(9153):617-22.

107. Bolignano D, Zoccali C. Effects of Weight Loss on Renal Function in Obese Ckd
Patients: A Systematic Review. Nephrol Dial Transplant. 2013;28 Suppl 4:iv82-98.

108. Brown SA, Upchurch S, Anding R, Winter M, Ramirez G. Promoting Weight
Loss in Type li Diabetes. Diabetes Care. 1996;19(6):613-24.

109. Norris SL, Zhang X, Avenell A, Gregg E, Bowman B, Serdula M, et al. Long-
Term Effectiveness of Lifestyle and Behavioral Weight Loss Interventions in Adults with
Type 2 Diabetes: A Meta-Analysis. Am J Med. 2004;117(10):762-74.


http://www.healio.com/endocrinology/cardiometabolic-disorders/news/online/%7B98d1278c-aabf-44b1-babc-29898ba3fa32%7D/look-ahead-intensive-lifestyle-intervention-failed-to-prevent-cv-events-in-obese-patients-with-diabetes
http://www.healio.com/endocrinology/cardiometabolic-disorders/news/online/%7B98d1278c-aabf-44b1-babc-29898ba3fa32%7D/look-ahead-intensive-lifestyle-intervention-failed-to-prevent-cv-events-in-obese-patients-with-diabetes
http://www.healio.com/endocrinology/cardiometabolic-disorders/news/online/%7B98d1278c-aabf-44b1-babc-29898ba3fa32%7D/look-ahead-intensive-lifestyle-intervention-failed-to-prevent-cv-events-in-obese-patients-with-diabetes
http://www.healio.com/endocrinology/cardiometabolic-disorders/news/online/%7B98d1278c-aabf-44b1-babc-29898ba3fa32%7D/look-ahead-intensive-lifestyle-intervention-failed-to-prevent-cv-events-in-obese-patients-with-diabetes

45

110. Wolf AM, Conaway MR, Crowther JQ, Hazen KY, J LN, Oneida B, et al.
Translating Lifestyle Intervention to Practice in Obese Patients with Type 2 Diabetes:
Improving Control with Activity and Nutrition (Ican) Study. Diabetes Care.
2004;27(7):1570-6.

111. Redmon JB, Bertoni AG, Connelly S, Feeney PA, Glasser SP, Glick H, et al.
Effect of the Look Ahead Study Intervention on Medication Use and Related Cost to
Treat Cardiovascular Disease Risk Factors in Individuals with Type 2 Diabetes. Diabetes
Care. 2010;33(6):1153-8.

112.  Wing RR, Marcus MD, Epstein LH, Salata R. Type li Diabetic Subjects Lose
Less Weight Than Their Overweight Nondiabetic Spouses. Diabetes Care.
1987;10(5):563-6.

113. Guare JC, Wing RR, Grant A. Comparison of Obese Niddm and Nondiabetic
Women: Short- and Long-Term Weight Loss. Obesity research. 1995;3(4):329-35.

114. Peyrot M, Rubin RR, Lauritzen T, Snoek FJ, Matthews DR, Skovlund SE.
Psychosocial Problems and Barriers to Improved Diabetes Management: Results of the
Cross-National Diabetes Attitudes, Wishes and Needs (Dawn) Study. Diabet Med.
2005;22(10):1379-85.

115. Yannakoulia M. Eating Behavior among Type 2 Diabetic Patients: A Poorly
Recognized Aspect in a Poorly Controlled Disease. Rev Diabet Stud. 2006;3(1):11-6.
PMCID: 1783576.

116. Makimattila S, Nikkila K, Yki-Jarvinen H. Causes of Weight Gain During Insulin
Therapy with and without Metformin in Patients with Type li Diabetes Mellitus.
Diabetologia. 1999;42(4):406-12.



46

117. Pi-Sunyer FX. Weight Loss in Type 2 Diabetic Patients. Diabetes Care.
2005;28(6):1526-7.

118.  Ahren B. Avoiding Hypoglycemia: A Key to Success for Glucose-Lowering
Therapy in Type 2 Diabetes. Vascular health and risk management. 2013;9:155-63.
PMCID: PMC3639216.

119. Asch SM, McGlynn EA, Hogan MM, Hayward RA, Shekelle P, Rubenstein L, et
al. Comparison of Quality of Care for Patients in the Veterans Health Administration and
Patients in a National Sample. Annals of Internal Medicine. 2004;141(12):938-45.

120. Ross JS, Keyhani S, Keenan PS, Bernheim SM, Penrod JD, Boockvar KS, et al.
Use of Recommended Ambulatory Care Services: Is the Veterans Affairs Quality Gap
Narrowing? Arch Intern Med. 2008;168(9):950-8.

121. Kerr EA, Gerzoff RB, Krein SL, Selby JV, Piette JD, Curb JD, et al. Diabetes
Care Quiality in the Veterans Affairs Health Care System and Commercial Managed
Care: The Triad Study. Annals of Internal Medicine. 2004;141(4):272-81.

122.  Powers BJ, Grambow SC, Crowley MJ, Edelman DE, Oddone EZ. Comparison of
Medicine Resident Diabetes Care between Veterans Affairs and Academic Health Care
Systems. Journal of General Internal Medicine. 2009;24(8):950-5. PMCID: Source:
NLM. PMC2710481.

123.  Jha AK, Perlin JB, Kizer KW, Dudley RA. Effect of the Transformation of the
Veterans Affairs Health Care System on the Quality of Care. New England Journal of
Medicine. 2003;348(22):2218-27.



47

124.  Trivedi AN, Grebla RC. Quality and Equity of Care in the Veterans Affairs
Health-Care System and in Medicare Advantage Health Plans. Medical Care.
2011;49(6):560-8.

125. NHLBI Obesity Education Initiative Expert Panel on the Identification E, and
Treatment of Obesity in Adults (US),. Linical Guidelines on the Identification,
Evaluation, and Treatment of Overweight and Obesity in Adults: The Evidence Report.
National Heart, Lung, and Blood Institute; 1998 [updated 1998; cited 2014 January 12];
Available from: http://www.ncbi.nlm.nih.gov/books/NBK2003/.

126. Kinsinger LS, Jones KR, Kahwati L, Harvey R, Burdick M, Zele V, et al. Design
and Dissemination of the Move! Weight-Management Program for Veterans. Prev
Chronic Dis. 2009;6(3):A98. PMCID: 2722407.

127. Weiner BJ, Haynes-Maslow L, Kahwati LC, Kinsinger LS, Campbell MK.
Implementing the Move! Weight-Management Program in the Veterans Health
Administration, 2007-2010: A Qualitative Study. Prev Chronic Dis. 2012;9:E16.

128. NHLBI. Clinical Guidelines on the Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults: The Evidence Report 1998: Available from:
http://www.nhlbi.nih.gov/quidelines/obesity/ob gdins.htm.

129.  Flicker L, McCaul KA, Hankey GJ, Jamrozik K, Brown WJ, Byles JE, et al. Body
Mass Index and Survival in Men and Women Aged 70 to 75. Journal of the American
Geriatrics Society. 2010;58(2):234-41.

130. Zamboni M, Mazzali G, Zoico E, Harris TB, Meigs JB, Di Francesco V, et al.
Health Consequences of Obesity in the Elderly: A Review of Four Unresolved Questions.
Int J Obes (Lond). 2005;29(9):1011-29.


http://www.ncbi.nlm.nih.gov/books/NBK2003/
http://www.nhlbi.nih.gov/guidelines/obesity/ob_gdlns.htm

48

131. Rosenberger PH, Ruser C, Kashaf S. Move! Multidisciplinary Programs:
Challenges and Resources for Weight Management Treatment in VVha. Transl Behav
Med. 2011;1(4):629-34. PMCID: PMC3717680.

132. Damschoder LJ, Goodrich DE, Robinson CH, Fletcher CE, Lowery JC. A
Systematic Exploration of Differences in Contextual Factors Related to Implementing the
Move! Weight Management Program in Va: A Mixed Methods Study. BMC Health
Services Research. 2011;11:248. PMCID: 3206421.

133. Kahwati LC, Lewis MA, Kane H, Williams PA, Nerz P, Jones KR, et al. Best
Practices in the Veterans Health Administration's Move! Weight Management Program.
Am J Prev Med. 2011;41(5):457-64.

134. Littman AJ, Boyko EJ, McDonell MB, Fihn SD. Evaluation of a Weight
Management Program for Veterans. Prev Chronic Dis. 2012;9.

135. Taft TH, Payvar S, Wool L. Effectiveness of the Move! Program among African
American Veterans: Weight Loss and Quality of Life. Federal Practitioner.
2011;28(12):17-8,20-4.

136. Dahn JR, Fitzpatrick SL, Llabre MM, Apterbach GS, Helms RL, Cugnetto ML, et
al. Weight Management for VVeterans: Examining Change in Weight before and after
Move! Obesity (Silver Spring). 2011;19(5):977-81.

137. Romanova M, Liang L-J, Deng ML, Li Z, Heber D. Effectiveness of the Move!
Multidisciplinary Weight Loss Program for Veterans in Los Angeles. Preventing Chronic
Disease. 2013;10:E112.



49

138. DeNavas-Walt C, Proctor BD, Smith JC. Income, Poverty, and Health Insurance
Coverage in the United States: 2012,. Washington, DC: U.S. Government Printing
Office,; 2013.



50

Chapter 3: Methods

Methods and statistical analyses for Aims 1-3 are described in each of the
following three chapters (Chapters 4-6). In this chapter, we offer additional details about

VA data and special data considerations for our analyses.

National VA data

These analyses used data from the VA’s Corporate Data Warehouse (CDW), a
national repository of information from multiple Veterans Health Administration clinical
and administrative systems.(1) Data are available from October 1, 1999, and are hosted in
SQL Server in a relational database. CDW “Production Data” are extracted from the data
warehouse, have undergone indexing and some cleaning, and are updated daily.
Available CDW Production data include patient and staff demographics, patient vital
signs, outpatient encounters, inpatient admissions and records, pharmacy data, consult
records, “health factors” (text data, including answers to clinical reminder questions such
as, “Have you smoked in the last year?”’), immunization records, laboratory results,

diagnoses, and procedures.

CDW “Raw Data” are extracted directly from the Veterans Health Information
Systems and Technology Architecture (VistA), which is the electronic medical record
system used by the VA to support day-to-day patient care at VA facilities.(1) CDW Raw
data are not filtered, edited, modeled, or standardized, and have not been restructured for
enhanced performance. They reflect the structure of the source data, and are updated

weekly or monthly (less frequently than “Production” data). CDW Raw data include fee
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basis, bill claims, intravenous medications, allergies and adverse events, and radiology.
The vast majority of data used in the present work was pulled from CDW Production
Data, with the exception of “fee basis” data, which was extracted in order to access
certain procedure codes (used in combination with ICD-9 codes and CPT codes to more
fully capture health outcomes, such as cardiovascular disease and diabetes

complications).

In CDW data, patients are assigned a unique “Patient Surrogate ID” (PatientSID)
number. However, PatientSIDs are specific to each facility at which a patient receives
care, so data must be joined across PatientSIDs to collect full history on patients who
have used more than one VA facility. This was done using VA-created scrambled social

security numbers.

One limitation of CDW data is that data are not cleaned for out-of-range values —
any values entered in error in the source (VistA) are generally present in CDW data.(1)
For this reason, data were carefully cleaned for implausible values, using cutoffs based
on the literature when available. For example, weights under 75 pounds or over 700
pounds were excluded, as were heights under 48 inches or over 84 inches. (2) Similarly,
we eliminated systolic blood pressure (SBP) less than 60 or greater than 250, HDL
cholesterol less than 10 or greater than 120, non-HDL cholesterol less than 10 or greater
than 1000, random plasma glucose (RPG) less than 30, and HbA1c values less than 2.5%
or greater than 25%.(3-4) Where inconsistencies occurred in patient demographic data,

we used the most frequent (e.g. race, gender) or most recent (e.g. zipcode) characteristics.
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Another concern with the use of VA data is that some veterans receive care
outside of the VA, making it possible that some diagnoses, procedures, and medications
may not be reported within the VA health system. To address this, we restricted our
analyses to patients with recorded primary care visits during at least 3 consecutive years
during our study period (2005-2012). This requirement assured that each included
patient had multiple opportunities for reporting diagnoses made outside the VA, and
made it more likely that the study population was receiving a substantial amount of their

care from the VA.

VINCI environment

All data were accessed through the VA Informatics and Computing Infrastructure
(VINCI) data processing environment. This secure analytical workspace was created by
VA to safeguard Protected Health Information (PHI) and to allow regulated data access
for research. It includes large, high-speed data storage, access to high performance
servers, regular data backup and archiving, and tools for data analysis and management.
The VINCI Data Center is located in Austin, Texas, and most VINCI staff members are
located in Salt Lake City, Utah. VINCI represents a partnership between the VHA Health
Services Research and Development Service, VA Office of Informatics and Analytics,
and the VA Office of Information and Technology’s Business Intelligence Service

Line.(5)
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Defining outcomes of interest

To define health outcomes of interest, we used a combination of ICD-9 codes,
procedure codes, CPT codes, and pharmacy data. Diabetes was identified by use of the
250.xx ICD-9 code or prescription of a diabetes drug. The use of similar indicators has
been validated.(6-7) In sensitivity analyses, we employed a more stringent definition of
diabetes (requiring two uses of the ICD-9 code or use of a diabetes drug), which yielded a

slightly smaller number of diagnoses but equivalent results.

For cardiovascular diseases, we defined coronary artery disease as ICD-9 codes
410.0-414.9 and procedure codes 36.xx. Cerebrovascular disease was identified by ICD-9
codes 430-436 and procedure codes 38.01, 38.02, 38.11, 38.12, 38.31, 38.32, 38.41,
38.42, 38.61, 38.62, 39.22, 39.28, 39.72, and 39.74. Peripheral vascular disease was
defined as ICD-9 codes 440.20-440.4, 443.9 and procedure codes 38.08, 38.18, 38.38,

38.48, 38.68, and 39.25. Heart failure was identified by the ICD-9 code 428.xx.

For diabetes complications, we defined diabetic eye disease as use of ICD-9 codes
250.5x or 362.0x (the latter includes background retinopathy, proliferative and
nonproliferative retinopathy, and macular edema), as well as diabetes (250.xx) plus:
retinal edema (362.83); vitreous hemorrhage (379.23); retinal detachment (361.xx);
cranial nerve palsy (951.0, 951.1, 951.3); blindness (369.xx); and procedure codes
(14.21-14.25) and CPT codes (67210, 67227-8, 67145) for laser surgery; procedure
codes (14.7x) and CPT codes (670301, 67036, 67038-40) for vitrectomy; procedure
codes (14.4x, 14.5x) and CPT codes (67110, 67105, 67107-8, 67110, 67112) for retinal

detachment repair; and procedure codes (16.4) and CPT codes (65101, 65103, 65105,
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65093) for enucleation. Sensitivity analyses included ICD-9 codes for glaucoma (365.xx)
and cataract (366.xx), as well as procedure codes (12.6x) and CPT codes (65855, 66150—
66180) for glaucoma trabeculectomy, and procedure codes (13.2x—13.5x) and CPT codes

(66850-66984) for cataract extraction.

We defined diabetic renal disease as use of ICD-9 code 250.4x, as well as
diabetes 250.xx plus proteinuria (791.0); kidney disease (580, 581, 582, 583); acute renal
failure (584), end-stage renal disease (ESRD) or uremia (585, 586); hemodialysis
(procedure code 39.95 or CPT codes 90935, 90937); peritoneal dialysis (procedure code

54.98 or CPT codes 90945, 90947); or transplantation (procedure code 55.6).

Assessment of laboratory data posed some unique challenges. At present, much of
the laboratory data in the VA CDW has not yet been standardized across clinics, so
similar tests (e.g., “plasma glucose”) may be given a different name according to each
laboratory. The VA is currently advancing standardization efforts through the use of
Logical Observation Identifiers Names and Codes (LOINC). We obtained LOINC codes
for variables of interest and assessed usage within the VA. We were able to use LOINC
codes to identify high density lipoprotein (HDL) cholesterol and total cholesterol, from
which we calculated non-HDL cholesterol. For glucose measurements, we manually
searched for relevant variable names and combined relevant data. Random plasma
glucose (RPG) was defined as any outpatient blood or plasma glucose measure,

excluding capillary or arterial values and excluding glucose challenge test measurements.



55

Construction of complex covariates

Smoking Status

We determined that smoking status was an important covariate to include in our
analyses, given that smoking has been linked to greater risk of diabetes and
cardiovascular disease.(8) However, the ICD-9 code for smoking is subject to
underreporting,(9) and there is no other direct indicator of smoking status within VA
CDW data. Fortunately, Dr. Kathleen McGinnis and her colleagues in the Veterans
Aging Cohort Study Team validated an approach to assess smoking status using text-
based “Health Factor” data available within the VA CDW. (10) Health Factor data are
created when responses are recorded from various clinical reminders, established by
individual VA facilities and regions. For example, in some clinics, a clinical reminder
might prompt a physician to ask the question, “Do you currently use tobacco?”, and
based on the patient’s response, a Health Factor phrase might be recorded in the patient’s
medical record as “CURRENT TOBACCO USER”. McGinnis and colleagues collected
Health Factor data pertaining to smoking, and used face validity to map individual
phrases to one of three indications of smoking status: “Current Smoker”, “Former
Smoker”, or “Never Smoker / Lifetime Non-Smoker,” or the Health Factor phrase was
mapped as “Unknown.” Patients were classified into the 3 smoking categories based on
frequency of responses in their medical records (e.g., if a patient had 3 Health Factors
that mapped to “Current Smoker” and one that mapped to “Never Smoker / Lifetime
Non-Smoker”, the patient was classified as “Current Smoker”). This approach was then
validated using existing survey data that included self-assessment of smoking status

among subgroups of veterans. Agreement between the Health Factor assessment of
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smoking and the two survey sources was found to be substantial, with sensitivity for
identifying current smokers ranging from 88% to 95%, and specificity ranging from 79%

to 84%.(10)

Mapping for 963 smoking codes identified by McGinnis et al. is publicly
available. (10) However, new Health Factors pertaining to smoking have been created in
subsequent years. Upon selecting relevant Health Factors, we identified an additional 528
phrases, yielding a total of 1,491. For the purposes of this dissertation, the mapping
strategy of McGinnis et al. was updated and extrapolated to include these new smoking-
related Health Factors. For example, the original mapping strategy translated the Health
Factor “V16 TOBACCO CESSATION PROGRAM DECLINED” as the smoking status
“Current Smoker” (inferring that the patient was a current smoker who was offered
tobacco cessation counseling referral, and declined it), so we interpreted the new Health
Factor code “REFUSED SMOKING CESSATION REFFERAL” in the same manner, as
“Current Smoker”. In some cases, we noted discrepancies in the original mapping
strategy. For example, “V7-DECLINED MEDS FOR TOBACCO CESSATION” was
mapped as “Current Smoker”, while “DECLINES TOBACCO CESSATION
MEDICATION” was mapped as “Unknown”. Personal communication with the study’s
corresponding author indicated that these could indicate an oversight in category
assignment, as multiple researchers and clinicians worked on the mapping strategy and
there were multiple entries per person.(11) In these cases, we adapted the mapping

strategy to be as consistent as possible.
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Distance to MOVE!

In addition to constructing an indicator for smoking status, we also chose to
construct an indicator for distance to each patient’s nearest MOVE! facility, as was done
in a prior study of MOVE!.(3) We requested and were granted permission to access
patient zipcode data, and calculated the distance between the midpoint of each patient’s
zipcode and the nearest facility offering MOVE!. To do this, we obtained the geographic
coordinates of each zipcode’s centroid (using the sashelp.zipcode file), as well as the
coordinates of the facilities offering MOVE! (using available VA Geographic
Information System [GIS] data), and used the SAS macro %geodist to calculate

minimum distances.(12)

MOVE! participation

In Chapter 4, we defined MOVE! participation as a 3-level categorical variable
based on previous work,(13) examining “intense and sustained” participants (who
attended at least 8 sessions within 6 months [“intense”] with a span of at least 129 days
between the first and the last session [“sustained”], “less active” participants (those who
engaged in at least one session of the program but did not meet criteria for “intense and
sustained” participation), and “eligible non-participants” (who met eligibility criteria for
MOVE! but did not participate during our study window, 2005-2012). Intense and
sustained participation has been associated with substantially greater weight loss
compared to lesser amounts of participation,(13) and has been identified by the VA as a

targeted level of participation.
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However, one critique of MOVE! is that relatively few participants (<10%)
achieve this intense and sustained level of participation. For this reason, in Chapters 5
and 6, we focused our primary analyses on the most inclusive definition of participation
(attending at least one session of MOVE), and examined “intense and sustained”

participation as a sensitivity analysis.

Statistical analyses

Baseline was assigned for non-participants as the date of the first visit with a
recorded weight after January 1, 2005 (the first year of MOVE! rollout), and for
participants as the date of first MOVE! visit. This strategy allowed for control of baseline
factors among participants at the time of MOVE! participation (for example, exact age
and weight at the beginning of participation). Sensitivity analyses were conducted to
adjust for a categorical measure of baseline year, to allow for any influence of changes in
clinical procedures such as screening.

Given the observational nature of this investigation, MOVE! participants were
self-selecting, and observed results may be confounded by characteristics that might
affect a patient’s decision to enroll in MOVE! (for example, baseline BMI, a recent
diagnosis such as hypertension, or more abstract characteristics such as how strongly the
patient prioritizes his or her health). Although it is impossible to rule out confounding by
unmeasured factors, we employed three main strategies to address confounding by
measured variables: (i) an extensive set of clinical inclusion/exclusion criteria, and
sensitivity analyses to evaluate the effects of these criteria; (ii) an extensive set of control

variables, including baseline comorbidities, demographic and clinical characteristics, and
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factors such as glucose levels, smoking status, whether a patient is taking medications
with weight gain risk, and how frequently a patient interacts with the VA health system,
and (ii1) a propensity score to adjust for likelihood of participation in MOVE! (used in

chapters 5 and 6).
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Abstract

Importance: Lifestyle modification programs are aimed to improve health, yet little is
known about their impact in clinical settings, where participants are patients to whom
participation is recommended, rather than volunteer research subjects.

Objective: To compare patterns of weight change among MOVE! participants and
eligible non-participants, and to determine whether participation is associated with
reduced diabetes incidence.

Design: We used Veterans Health Administration (VA) databases to examine patients
with at least three years of continuous outpatient care during 2005-2012. Generalized
estimating equations were used to examine characteristics associated with MOVE!
participation, and Cox proportional hazards regression was used to analyze the
association between participation and diabetes incidence.

Setting: The VA’s MOVE! program is the largest lifestyle change program in the US
Participants: Eligible individuals were obese or overweight with a weight-related health
condition. Of 1.8 million eligible individuals, 238,540 participated in MOVE! between
2005-2012.

Exposure: We examined two levels of MOVE! participation: “intense and sustained”
participation (>8 sessions within 6 months, and >129 days between first and last sessions)
and “less active” participation (participation in at least I MOVE! session, but insufficient
participation to be designated “intense and sustained”), and compared against non-
participation.

Main Outcomes and Measures: Main outcome measures were % change in body weight

and diabetes incidence, as defined by use of diabetes ICD-9 code or a diabetes drug.
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Results: Intense and sustained participation was associated with greater weight loss at 3
years compared to less active participation and nonparticipation (-2.2% vs. -0.64% and
+0.46%, respectively, both p<0.01). Among patients who did not have diabetes at
baseline, MOVE! participation was associated with lower diabetes incidence: the hazard
ratio comparing less active participants to non-participants was 0.80 (95% ClI, 0.77-0.83),
and comparing intense and sustained participants to non-participants was 0.67 (95% ClI,
0.61-0.74). These patterns were consistent across sex, race/ethnicity, and age.
Participation appeared to be most beneficial among patients with higher BMI or random
plasma glucose (p-values <0.001).

Conclusions and Relevance: This study of the VA’s MOVE! program provides
evidence that participation in a large-scale, healthcare-based lifestyle change program is

associated with weight loss and lower diabetes incidence.
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Introduction

Obesity and diabetes are public health problems of epidemic proportions, for
which lifestyle change is primary management.(1-3) Randomized trials have shown that
lifestyle change programs can facilitate weight loss and reduce diabetes incidence. For
example, participants with prediabetes who were randomized to the lifestyle change arm
in the United States Diabetes Prevention Program (DPP) exhibited 7% weight loss, and
their progression to diabetes was reduced by 58% at 3 years. Over 10 years, this group
had a sustained reduction in diabetes incidence of 34%.(4-5) Similar results were
obtained in other large studies,(6-7) and in small-scale, community-based adaptations of
the DPP, which yielded about 4% weight loss.(8) Implementation of lifestyle
interventions within healthcare systems has been recommended as a strategy to scale up
the reach of such programs, given that 85% of the US population has health insurance.(9-
11) This strategy is being employed in Europe, with promising initial results from the
Finnish National Program for the Prevention of Type 2 Diabetes (FIN-D2D).(12)
However, evidence of the impact of healthcare-based lifestyle change programs in the
United States is lacking.

The Veterans Health Administration (VA) is the largest integrated healthcare
system in the US, serving over 8 million patients each year.(13) In the VA, two-thirds of
veterans are overweight or obese,(14) and nearly one in five had diabetes in 2000.(15)
Addressing these health issues is a priority, and the VA developed the Managing
Overweight and/or Obesity in Veterans Everywhere (MOVE!®) program.(16) Since 2005,
over 400,000 veterans have participated in MOVE, making it the largest lifestyle change

program nationwide. A preliminary study evaluating the results of MOVE! found that
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weight loss was modest but sustained over one year.(17) Our objective was to compare
patterns of weight change among participants and eligible non-participants, and to

determine whether participation in MOVE! is associated with reduced diabetes incidence.

Methods

The MOVE! program, similar to group-based translations of the DPP, involves
educational sessions pertaining to nutrition, physical activity, and goal-setting.(18) The
standard MOVE! curriculum includes an orientation session and 10 core modules
emphasizing reading food labels and selecting healthy choices, reducing fat intake,
balancing energy intake with energy output and evaluating portion sizes, walking with a
pedometer and physical activity modifications for wheelchair users, setting physical
activity goals and overcoming barriers, exercising safely, the importance of planning
ahead, modifying one’s environment for success, resolving difficulties, and staying
motivated. However, there is considerable variability in implementation across VA
facilities in terms of organization and delivery format (most sessions are in-person and
group-based, but some are offered individually or by phone).(19) MOVE! sessions take
place on a rolling admissions basis. In administrative databases, MOVE! encounters are
recorded for each patient. Level of participation was determined by counting the number

of MOVE! visits that occurred on unique days.

Databases
This secondary data analysis was approved by the Emory University Institutional

Review Board and the Atlanta VA Medical Center’s Research and Development
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Committee. We utilized data from the VA’s Corporate Data Warchouse (CDW), a
national repository of information from clinical and administrative systems. Data are
available from 1999, and include patient demographics, vital signs, diagnoses,
procedures, and prescriptions. All data were accessed through the VA Informatics and

Computing Infrastructure (VINCI) data processing environment.

Study Population

From nearly 10 million veterans receiving care between 2005-2012 (Figure 4.1),
we selected 4.5 million veterans with at least one outpatient visit per year for at least 3
consecutive years, between 2005-2012, who were eligible to participate in MOVE:
patients who were either obese (body mass index [BMI] >30 kg/m?), or overweight (BMI
>25) with a weight-related health condition (diabetes, coronary artery disease,
hypertension, dyslipidemia, sleep apnea, or osteoarthritis). From these, we excluded
patients over age 70 because MOVE! is not targeted at individuals above this age, due to
uncertainty about adverse effects of overweight.(20-21) To allow comparisons with a
previous study of MOVE,(17) we also excluded veterans who would be unlikely to be
able to participate in a weight loss program due to contraindications, or who would be
likely to experience weight change for reasons unrelated to MOVE. Consistent with prior
study, such patients included those with recent sepsis, pregnancy, cancer other than skin
cancer, neurodegenerative disease, human immunodeficiency virus (HIV), and anorexia,
or those receiving hospice or nursing home care. Lastly, we excluded veterans missing
data for key demographic and clinical indicators, leaving 1,844,797 patients eligible for

analysis.
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Measurements

Demographic characteristics: Information in the VA CDW includes age, sex,

race/ethnicity, marital status, and VA facility. Race/ethnicity was defined as White,
African American, and Other, the latter combining Hispanics, Asian/Pacific Islanders,
and American Indians/Alaska Natives (each <2% of the population). A simple measure of
socioeconomic status (SES) and disability status (based on whether the veteran qualifies
for care based on disability or low SES) has been used previously (22-23) and was
employed in these analyses.

Weight-related illnesses and comorbidities: Ilinesses were assessed using ICD-9

codes and procedure codes. The Charlson Comorbidity Index (CCI) was employed using

the enhanced ICD-9 coding algorithm developed by Quan et al.(24)

Diabetes incidence: Baseline was assigned as a veteran’s first MOVE! visit for
participants and as the first visit at which weight was recorded after January 1, 2005 (the
initial year of MOVE! roll-out) for non-participants. All regressions were adjusted for
baseline year as a categorical variable, to allow for potential differences in management
across years. Among patients who did not have diabetes at baseline, diabetes incidence
was defined as a new use of the 250.xx ICD-9 code or prescription of a diabetes drug.
The use of similar indicators has been validated;(15, 25) in sensitivity analyses, a more
stringent definition of diabetes (requiring two uses of the ICD-9 code or use of a diabetes
drug) yielded a slightly smaller sample but equivalent results.

Random Plasma Glucose (RPG): Laboratory glucose values were available for a

subset of patients (N=814,387), and were used to conduct subgroup analyses examining
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the association between MOVE! participation and diabetes incidence across levels of
baseline RPG. We used the most recent outpatient glucose value measured within six
months prior to a patient’s baseline visit.

BMI: BMI was assessed using clinically recorded weight and height, after
excluding implausible values (approximately 0.1%).(26) Height was taken as the average
height recorded for the patient, if multiple measures were available. Weight was recorded
as the patient’s baseline weight, and follow-up weights as average weight within
subsequent time windows (6 mo: 3-9 mo; 12 mo: 9-15 mo; 24 mo: 21-27 mo; 36 mo: 33-
39 mo).

Distance to MOVE: Distance to the nearest VA facility offering MOVE! was

calculated for each patient, based on geographic distance between the geographic
midpoint of the patient’s zipcode and the coordinates of the nearest VA facility offering
MOVE.

Smoking: Text-based information was used to classify patients as “Current
Smoker”, “Former Smoker”, or “Never / Lifetime Non-Smoker,” as previously described

and validated by McGinniss et al.(27)

Statistical Analysis

Level of participation was defined as a categorical variable based on previous
work.(28) “Intense and sustained” participation, defined as attending >8 sessions within 6
months (“intense”) with a span of >129 days between the first and the last session
(“sustained”), has been associated with substantially greater weight loss compared to

lesser amounts of participation.(28) We defined “less active” participants as those who
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engaged in at least one session of the program but did not meet criteria for “intense and
sustained” participation.

Descriptive characteristics were calculated across levels of MOVE! participation)
and bivariate associations were analyzed using ANOVA (continuous variables) and
Cochran-Armitage tests for trend (binomial variables). To examine patterns of weight
change over three years, individuals with available weight data across four time points (6,
12, 24, and 36 months) were compared across levels of participation (N= 562,023).

In regression analysis, we conducted stepwise model selection and assessed
model fit based on the Akaike information criterion (AIC) and the quasi-likelihood
adaptation, QIC.(29-30) We used generalized estimating equations (GEE) to account for
clustering within clinics in models examining characteristics associated with enroliment
(any participation vs. none) and extent of participation (intense and sustained vs. less
active). Cox proportional-hazards models were constructed to estimate hazard ratios for
diabetes incidence among participants who had not been diagnosed with diabetes at
baseline. Robust sandwich covariance matrix estimates were used to adjust for clustering
at the clinic level.(31) Post-hoc analyses were performed to examine the association
between participation and diabetes incidence among subgroups likely to have different
diabetes risk (age, sex, race/ethnicity, BMI, and RPG).

Sensitivity analyses included an examination of the impact of our health status
exclusion criteria, in which we conducted analyses with both more strict criteria
[excluding patients with additional conditions such as heart failure (17)] and more
inclusive criteria, such as including veterans older than 70 years. All analyses were

conducted using SAS® version 9.2 (Cary, NC).(32)
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Results

Characteristics of MOVE! participants

Of 1.8 million patients eligible for MOVE, nearly 13% participated in at least one
session. On average, participants were older, heavier, and sicker than non-participants
(Table 4.1). Baseline prevalence of diabetes was nearly twice as high among participants
as among non-participants. Participants included greater proportions of women and
blacks than non-participants, and fewer current smokers. In GEE models, characteristics
associated with likelihood of participation included being female or African American, or
having mental health conditions, greater BMI, greater CCI, or more years of care in the
VA (Table 4.2). Those with a high percentage of service connection (an indicator of

disability) were less likely to participate than those without a service connected disability.

Intense and sustained compared with less active participation

Among MOVE! participants, only 8% participated actively enough to meet
criteria for “intense and sustained” participation. Nearly one third of intense and
sustained participants had BMIs in the range of Class 111 Obesity (BMI >40), compared
to 22% of less active participants and only 6% of non-participants (Table 4.1).
Multivariable regression comparing characteristics of intense and sustained participants
vs. less active participants revealed that women were more likely to meet criteria for
intense and sustained participation than men (Table 4.2). Those with a prescription for a
weight loss medication were also more likely to engage in intense and sustained

participation.
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Patterns of Weight Change

Among veterans with available weight data across all four time points (6, 12, 24,
and 36 months), any participation in MOVE! was associated with modest but sustained
weight loss (Figure 4.2). Intense and sustained participants lost approximately 2.7% of

their body weight in the first six months, and maintained a loss of 2.2% over three years.

Diabetes Incidence

Among eligible patients without diabetes at baseline, participation in MOVE! was
associated with lower diabetes incidence in Cox proportional hazards models (Table 4.3).
In the multivariable model, the adjusted hazard ratio for diabetes incidence among
intense and sustained participants in MOVE, as compared to those who did not
participate, was 0.67 (95% CI, 0.61-0.74). For less active participants compared to non-
participants, the hazard ratio was 0.80 (95% CI, 0.77-0.83). Greater age and BMI were
also associated with increased risk of diabetes incidence, as were minority race/ethnicity
and service-connected disabilities. Results remained robust in sensitivity analyses using

more strict, and more sensitive, inclusion criteria.

Subgroup Analyses

The results of stratified analyses by selected socio-demographic characteristics
revealed no significant heterogeneity in the association between intense and sustained
participation in MOVE! and diabetes incidence by gender, race/ethnicity, and age
categories (Figure 4.3). However, there were statistically significant differences in the

association between participation and diabetes incidence across baseline BMI categories
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and glucose levels, suggesting greater benefit of participation among those at higher risk

for diabetes (with higher BMI or RPG, both p<0.001 for interaction).

Discussion

We examined patterns of weight loss and diabetes incidence associated with
participation in a national healthcare system-based lifestyle change program. There was a
significant, dose-dependent inverse association between diabetes incidence and
participation in the VA’s MOVE! program. Compared with lack of participation, intense
and sustained participation was associated with 33% lower diabetes incidence, and less
active participation was associated with 20% lower incidence. Subgroup analyses
suggested that while results were consistent across gender, race/ethnicity, and age
categories, participation may be particularly beneficial for patients at higher risk of
diabetes — those with higher BMI, and those with higher RPG.

Our findings are consistent with other studies that have demonstrated that
participating in lifestyle change programs is associated with weight loss.(5, 8, 33) The
observed weight loss associated with MOVE! participation was much lower than the ~4%
observed in translations of the DPP,(8) which may be due to fewer sessions attended.
Among DPP translation studies with >9 months follow-up, each core session attended
was associated with an additional weight change of -0.22 percentage points.(8) The mean
number of sessions attended among intense and sustained MOVE! participants was 12.9,
which would correspond to an expected weight change of -2.8%, while less active
participants attended 2.5 sessions, which would correspond to an expected loss of -0.6%.

The observed weight changes among participants with 12-month data were -2.8% and -
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0.7%, respectively. Given the consistency of these findings with expected results,
MOVE! may be as effective as other lifestyle change programs on a per-session-attended
basis.

The observed association between MOVE! participation and diabetes incidence
was also consistent with — but more modest than — the impact achieved in clinical trials
emphasizing lifestyle modification, such as the DPP,(5) the Da Qing IGT and Diabetes
Study,(6) and the Finnish Diabetes Prevention Study.(7) This may be due in part to the
lesser amount of weight loss associated with MOVE! participation, as weight change is a
strong predictor of diabetes incidence.(34) In addition, if MOVE! participants attended
fewer sessions than participants in other studies, then they may have been less likely to
change diet and physical activity behaviors, which can impact insulin sensitivity and
glycemic control independent of weight loss.(35-37) Lastly, the above trials were
targeted to individuals with prediabetes, whereas enrollment in MOVE! is based on
weight status, and thus MOVE! may include lower-risk individuals. In subgroup
analyses, we observed the strongest effects of participation among patients with elevated
RPG, and it is conceivable that restricting MOVE! enrollment to individuals with high-
risk prediabetes would increase the strength of the association between MOVE!
participation and reduction in diabetes incidence.

As compared to clinical and community-based lifestyle change trials, this study is
important because participants were not subjects who volunteered for a research trial, but
patients recommended by their primary care providers to engage in lifestyle change.
Only a modest percentage of patients eligible for MOVE! participated. Although patients

usually adhere to provider recommendations in some areas, such as cancer screening and
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taking medications, patient compliance with lifestyle change recommendations for the
prevention and management of chronic diseases is notoriously low.(38) This may be due,
in part, to the relative difficulty of behavior change required for weight loss. Compliance
may also be affected by the nature of the interaction between physicians and obese
patients; it has been suggested that physicians build less emotional rapport with obese
patients, which may impact adherence to recommendations.(39)

The strengths of this analysis include a large study population and the use of
national data to examine a real-world, large-scale lifestyle change program within a
healthcare setting. However, the study has limitations. Due to the observational nature of
the analyses, confounding is a concern. Although it is impossible to rule out confounding
by unmeasured factors, the available data allowed adjustment for recognized confounding
factors and health conditions that may impact lifestyle program participation and
outcomes related to weight loss and diabetes incidence, such as smoking status, mental
health conditions, physical limitations, underlying health conditions such as
hypothyroidism, and use of prescription medications for weight loss, or medications with
a reported risk of weight gain. To reduce the possibility of measurement error, such as in
the use of clinically measured weights and heights,(26) we excluded implausible values
and utilized averages when multiple values were available within appropriate time
windows. Oral glucose tolerance tests (OGTTs) could not be used to define diabetes
incidence precisely; it is likely that more incident diabetes would have been detected with
OGTT-based criteria, as compared to the use of ICD-9 codes. While many veterans
receive some care outside of the VA, making it possible that some diagnoses may not be

reported within the VA health system, our requirement for 3 years of consistent
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outpatient care at the VA assured multiple opportunities for reporting diagnoses made
outside the VA, and made it more likely that the study population was receiving the
majority of their care from the VA. We also conducted sensitivity analyses restricted to
veterans receiving three consecutive years of primary care (a more stringent requirement
than any outpatient care), and results remained robust.

In conclusion, we found that participation in the VA’s MOVE! lifestyle change
program was associated with modest but sustained weight loss and reduced diabetes
incidence. These results are consistent with numerous clinical trials that demonstrated the
potential of lifestyle change programs to reduce diabetes incidence. Since many
Americans participate in healthcare systems, and there is increased emphasis on
prevention in the Affordable Care Act,(40) implementation of MOVE-type lifestyle
change programs through such systems might be beneficial to improving the health of

people nationwide.
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Figure 4.2 Weight Change (%) Over Three Years among Participants and Eligible

Non-participants

1

05 . @i -« Non-
o ORI Participants
o
% 0\' ...... '.o -

R

S s A
+— ' \— - e = = - = . ----- [ Less
g Active
2
)
= 0\
+— -15
o
5.\
2 \ ntense and

o5 - Sustained

-3

0 6 12 Months 24 36

N=562,023. Calculations of percent weight loss were performed among veterans with

data available across all four time points (6 months, 12 months, 24 months, and 36

months).



Figure 4.3 Hazard Ratios for Diabetes Incidence among Intense and Sustained

Participants Compared to Non-participants, by Subgroup
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N=1,400,935. Examination of RPG was performed among a subgroup of patients with
available laboratory data, N=814,387. Cox proportional hazards models included

covariates as described in Table 4.3. Wald p-values for interaction terms are shown.
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Table 4.1. Characteristics of Participants and Eligible Non-participants, 2005-2012*

Non-participants

MOVE! Participants

All Less Intense &
Active | Sustained
N 1,606,257 238,540 219,173 19,367
Age at baseline 53.5¢11.4 54.4+10.7 | 54.2£10.8 | 56.9+9.0
Sex
Male 94.1% 87.3% 87.3% 86.5%
Female 5.9% 12.7% 12.7% 13.5%
Race
White 78.7% 72.1% 71.8% 75.8%
African American 17.2% 23.8% 24.1% 20.7%
Other 4.1% 4.1% 4.2% 3.4%
BMI at baseline, mean 31.5+5.3 36.0+6.4 | 35.9+6.3 | 37.6%7.0
25-29.9 44.3% 14.7% 15.1% 10.1%
30-34.9 36.6% 36.1% 36.5% 31.6%
35.0-39.9 13.4% 26.9% 26.8% 27.8%
>40 5.8% 22.4% 21.7% 30.4%
Charlson Comorbidity Index
0 Point 85.5% 65.2% 65.5% 61.7%
1 Point 10.8% 23.4% 23.3% 24.7%
2+ Points 3.7% 11.4% 11.2% 13.6%
Weight-related conditions
Diabetes 21.1% 37.8% 37.3% 43.3%
Coronary Artery Disease 10.2% 14.1% 14.0% 15.9%
Hypertension 52.8% 70.8% 70.4% 75.5%
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Osteoarthritis 20.2% 36.7% 36.4% 40.1%
Dyslipidemia 44.9% 66.0% 65.6% 70.6%
Sleep Apnea 0.4% 8.0% 7.8% 10.4%
Mental health conditions
Depression 19.0% 42.2% 42.1% 43.2%
Psychoses 16.6% 37.7% 37.6% 39.0%
PTSD 9.2% 22.1% 22.0% 23.0%
Drug abuse 4.9% 10.8% 10.9% 9.7%
Alcohol abuse 7.7% 14.0% 14.1% 12.5%
Smoking Status
Current Smoker 36.6% 29.6% 30.2% 22.2%
Former Smoker 30.5% 33.1% 32.5% 39.6%
Lifetime Non-smoker 33.0% 37.3% 37.3% 38.2%
Rx for weight loss medication 5.0% 10.4% 9.8% 16.7%
Rx with weight gain risk 69.9% 82.6% 82.4% 84.5%
Married 58.5% 53.5% 53.4% 94.5%
Not Service Connected 52.9% 43.8% 43.9% 42.9%
No. primary care visits/year 3.4+2.2 4.2+2.6 4.242.6 4.8+3.1
No. years with a visit 8.7£3.5 9.2+34 9.2+3.4 9.5+3.4
Distance to MOVE! >30 mi 60.0% 53.7% 53.7% 53.1%

*+ values are means +SD. All associations between patient characteristics and level of

MOVE! participation were significant (p <0.001), according to chi-squared tests and

Cochran-Armitage tests for trend (categorical variables) and ANOVA (continuous

variables).




Table 4.2. Characteristics Associated with Any Participation (All Participants vs.
Eligible Non-participants) and Intense and Sustained Participation (Intense and

Sustained Participants vs. Less Active Participants).

All Participants Intense and
vs. Eligible Non- Sustained
Participants Participants vs. Less

Active Participants

N=1,844,797 N=238,540

OR 95% CI OR 95% CI

Age at baseline 0.99 | (0.99-0.99) | 1.03 | (1.03-1.04)

Female 2.02 | (1.90-2.14) | 1.40 | (1.30-1.50)

Race (ref=White)

African American 1.35 | (1.20-1.51) | 0.93 | (0.81-1.07)
Other 1.05 | (0.92-1.19) | 0.84 | (0.73-0.97)
BMI at baseline, mean 1.13 | (1.12-1.14) | 1.04 | (1.03-1.04)

Charlson Comorbidity Index (ref=none)

1 Point 2.78 | (2.62-2.94) | 1.04 | (0.98-1.10)

2 or More Points 6.27 | (5.67-6.94) | 1.05 | (0.97-1.14)

Weight-related conditions

Diabetes 0.41 | (0.38-0.43) | 0.85 | (0.80-0.91)
Coronary Artery Disease 0.88 | (0.85-0.92) | 0.92 | (0.86-0.99)
Hypertension 1.30 | (1.27-1.34) | 0.92 | (0.88-0.96)
Osteoarthritis 1.47 | (1.42-152) | 0.97 | (0.93-1.02)
Dyslipidemia 1.42 | (1.39-1.45) | 1.02 | (1.00-1.05)
Sleep Apnea 486 | (4.34-5.45) | 1.15 | (1.06-1.25)

Mental health conditions
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Depression 1.42 | (1.37-1.48) | 0.97 | (0.93-1.02)
Psychoses 1.44 | (1.38-1.50) | 0.94 | (0.89-1.00)
PTSD 1.48 | (1.41-154) | 1.02 | (0.95-1.08)
Drug abuse 1.33 | (1.23-1.43) | 1.01 | (0.91-1.11)
Alcohol abuse 1.24 | (1.19-1.30) | 0.98 | (0.92-1.05)
Smoking Status
Current Smoker (ref=Never) 0.79 | (0.76-0.81) | 0.81 | (0.78-0.85)
Former Smoker (ref=Never) 1.11 | (1.05-1.17) | 1.14 | (1.08-1.21)
Prescription medication for weight loss | 1.60 | (1.44-1.79) | 1.53 | (1.25-1.88)
Prescription medication with weight 1.27 | (1.22-1.33) | 0.99 | (0.94-1.05)
gain risk
Service Connection (ref=not service
connected)
0-20% 1.04 | (1.01-1.08) | 1.07 | (1.01-1.13)
30-60% 0.99 | (0.95-1.03) | 1.10 | (1.03-1.17)
70-100% 0.85 | (0.80-0.91) | 1.16 | (1.08-1.25)
No. primary care visits/year 1.07 | (1.06-1.09) | 1.06 | (1.05-1.08)
No. years with a visit 1.35 | (1.33-1.37) | 1.00 | (0.99-1.02)

*GEE models adjusted for clustering by clinic. Additional covariates included baseline

year (categorical), distance to a facility offering MOVE, marital status, and other

comorbidities that may affect weight status and ability to be physically active such as

hypothyroidism, COPD, heart failure, liver disease, and renal disease. Continuous

variable odds ratios are calculated per 1-unit increase.



Table 4.3, Diabetes incidence in multivariable Cox proportional hazards model

Diabetes Incidence

HR 95% ClI

MOVE! Participation

Less active 0.80 (0.77-0.83)

Intense / Sustained 0.67 (0.61-0.74)
Age at baseline 1.04 (1.03-1.04)
Female 0.82 (0.80-0.84)
Race (ref=White)

African American 1.35 (1.31-1.40)

Other 1.32 (1.26-1.37)
BMI at baseline, mean 1.05 (1.04-1.05)
Weight-related conditions

Coronary Artery Disease 1.14 (1.13-1.16)

Hypertension 1.19 (1.17-1.21)

Osteoarthritis 0.85 (0.84-0.87)

Dyslipidemia 1.02 (1.01-1.04)
Mental health conditions

Depression 0.94 (0.93-0.96)

Psychoses 0.97 (0.95-0.98)

PTSD 0.87 (0.85-0.89)

Alcohol abuse 0.95 (0.93-0.96)
Smoking Status

Current Smoker (ref=Never) 1.20 (1.17-1.22)

Former Smoker (ref=Never) 1.06 (1.03-1.09)
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Prescription medication for weight loss 3.68 (3.14-4.30)
Prescription medication with weight gain risk 1.58 (1.55-1.62)
Service Connection (ref=not service connected)
0-20% 1.17 (1.14-1.21)
30-60% 1.24 (1.22-1.26)
70-100% 1.43 (1.40-1.47)
No. visits/year 1.08 (1.08-1.09)
No. years with a visit 0.97 (0.97-0.98)

*N=1,400,935. Cox proportional hazards model also adjusted for baseline year

(categorical), marital status, weight-related comorbidities, and distance to a facility

offering MOVE. Charlson comorbidity index, sleep apnea, COPD, and drug abuse were

considered for inclusion but eliminated through model selection based on AIC.

Continuous variable odds ratios are calculated per 1-unit increase. The model was

stratified by BMI category due to the presence of interaction and was adjusted for

clustering by clinic.
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Abstract

Background: Lifestyle change programs can reduce weight and cardiovascular disease
(CVD) risk factors, but their impact on CVD remains unestablished. The VA’s MOVE!®
program is the largest in the US.

Methods: In national VA databases, we identified patients eligible for MOVE! (2005-
2012) — obese or overweight with a weight-related health condition. We analyzed
associations between participation and CVD incidence (ICD-9 and procedure codes for
coronary artery disease, CAD, cerebrovascular disease, CBD, peripheral vascular disease,
PVD, and heart failure, HF) using Cox proportional hazards models.

Results: There were 1,463,003 eligible patients without baseline CVD, including 169,248
(12%) MOVE! participants. Patients were 92% male, 76% white, with mean age 52 years
and BMI 32. Participants received lifestyle change counseling and decreased weight by -
0.9% and -0.6% at 12 months and 3 years, while non-participants increased weight by
0.2% and 0.6% (each p<0.001). Adjusting for age, race, sex, BMI, and baseline
comorbidity, over a mean 4.9 years of follow up, MOVE! participation was associated
with lower incidence of total CVD (hazard ratio 0.83, 95% CI 0.80-0.86), CAD (HR
0.81, 0.77-0.86), CBD (HR 0.87, 0.82-0.92), PVD (HR 0.89, 0.84-0.94) and HF (HR
0.78, 0.74-0.82). In 701,930 patients with available data, the association with CVVD was
attenuated after further adjustment for baseline SBP, HDL cholesterol, non-HDL
cholesterol, and RPG (HR 0.88, 95% CI 0.84-0.92).

Conclusions: The VA’s MOVE! program demonstrates that modest lifestyle change can
be achieved in a large-scale healthcare setting, and participation is associated with

reduced development of cardiovascular disease.
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Introduction

Obesity and cardiovascular disease (CVD) are major causes of morbidity,
mortality, and healthcare cost in the US.(1-2) Much of the burden of CVD is avoidable
through risk factor management, and lifestyle change programs that offer nutrition and
physical activity counseling are a recommended strategy for prevention.(3-4) Several
large randomized trials have demonstrated that lifestyle change programs can achieve
weight loss and reductions in diabetes incidence.(5-7) However, evidence of impact on
CVD risk factors is mixed, and few studies have had sufficient size to study CVD
incidence.(8-13)

The Veterans Health Administration (VA) is the largest integrated healthcare
system in the US, serving over 8 million patients annually.(14) Nearly three quarters of
the patients are overweight or obese(15) and 58% have dyslipidemia, hypertension, or
both.(16) The VA’s lifestyle change program, MOVE!®, is the largest such program in
the country, with over 400,000 participants since 2005.(17) A preliminary study
evaluating the results of MOVE! found that weight loss was modest but sustained over
one year.(18) In the present study, our objective was to examine the association between
MOVE! participation and CVD incidence, including coronary artery disease (CAD),
cerebrovascular disease (CBD), peripheral vascular disease (PVD), and heart failure

(HF).
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Methods

Databases

The VA’s Corporate Data Warehouse (CDW) contains data on all veterans
receiving care in VA facilities, from 1999-present, including demographics, vital signs,
diagnoses, procedures, and prescriptions. We accessed these data through the VA
Informatics and Computing Infrastructure (VINCI) data processing environment.(19)
This secondary data analysis was approved by the Emory University Institutional Review

Board and the Atlanta VA Medical Center’s Research and Development Committee.

MOVE! Program

The MOVE! program typically involves 8-12 group-based educational sessions
on nutrition, physical activity, goal-setting, and maintenance.(20) Although there is a
standard 10-session core curriculum, implementation may vary across VA facilities in
terms of organization and delivery.(21) We defined participants as those who attended at

least one session.

Study Population

From nearly 10 million veterans receiving care between 2005-2012 (Figure 5.1),
we selected 4.5 million veterans who had at least one outpatient visit per year for at least
3 consecutive years, who were eligible to participate in MOVE: patients who were either
obese (body mass index [BMI] >30 kg/m?), or overweight (BMI >25) with a weight-
related health condition (diabetes, hypertension, dyslipidemia, sleep apnea, or

osteoarthritis). From these, we excluded patients over age 70 because MOVE! is not
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targeted at individuals above this age, due to uncertainty about adverse effects of
overweight.(22-23) Consistent with a previous study of MOVE,(18) we also excluded
veterans who would be unlikely to be able to participate due to contraindications. We
excluded veterans with missing data for key demographic and clinical indicators, and
restricted our study population to veterans without CVD at baseline, leaving 1,463,003

patients eligible for analysis.

Measurements

Demographic characteristics: Available data included age, sex, race/ethnicity,

marital status, and VA facility. Race/ethnicity was defined as White, African American,
and Other, the latter combining Hispanics, Asian/Pacific Islanders, and American
Indians/Alaska Natives (each <2% of the population). The VA’s “service-connected
disability” indicator was used as a simple measure of socioeconomic status (SES) and
disability status, consistent with prior studies.(24-25). This variable indicates whether
veterans are eligible for VA care based on disability status, “service connected
disability,” or based on low SES, “no service connected disability.”

Weight-related illnesses and comorbidities: Ilinesses were assessed using ICD-9

codes and procedure codes. The Charlson Comorbidity Index (CCI) was employed using
the enhanced ICD-9 coding algorithm developed by Quan et al.(26)

Cardiovascular disease incidence: Incident CVD was identified with ICD-9 and

procedure codes for coronary artery disease, CAD, cerebrovascular disease, CBD,
peripheral vascular disease, PVD, and heart failure, HF. Total CVD was defined as

incidence of any of these four conditions.
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CVD Risk Factors: Additional laboratory and clinical values (systolic blood

pressure, SBP, random plasma glucose, RPG, high density lipoprotein cholesterol, HDL,
non-high density lipoprotein cholesterol, non-HDL cholesterol) were available for a
subset of patients (N=701,930). These measures were recorded as the most recent value
within 12 months prior to baseline visits. Follow-up measures were recorded as average
values captured within subsequent time windows (6 mo: 3-9 mo; 12 mo: 9-15 mo; 24 mo:
21-27 mo; 36 mo: 33-39 mo).

BMI: Body mass index (BMI) was assessed using clinically recorded weight and
height, after excluding implausible values (approximately 0.1%).(27) Height was taken as
the average height recorded for the patient, if multiple measures were available. Weight
was recorded as the patient’s baseline weight, with follow-up measures as above.

Distance to MOVE: Distance to the nearest VA facility offering MOVE! was

calculated for each patient, based on geographic distance between the geographic
midpoint of the patient’s zipcode and the coordinates of the nearest VA facility offering
MOVE.

Smoking: Text-based information was used to classify patients as “Current
Smoker”, “Former Smoker”, or “Never / Lifetime Non-Smoker,” as previously described

and validated by McGinniss et al.(28)

Statistical Analysis
Descriptive characteristics were calculated for MOVE! participants and non-
participants, and bivariate associations were analyzed using ANOVA (continuous

variables) and chi-squared tests (categorical variables). Least square means were used to
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obtain average SBP, HDL cholesterol, non-HDL cholesterol, and RPG among
participants compared to non-participants, controlling for baseline value, BMI, age, sex,
race/ethnicity, and diabetes status.

In regression analysis, we conducted stepwise model selection and assessed
model fit based on the Akaike information criterion (AIC).(29) After evaluating model
assumptions, Cox proportional-hazards models were constructed to estimate hazard ratios
for cardiovascular disease incidence. Robust sandwich covariance matrix estimates were
used to adjust for clustering at the clinic level, and models were stratified by baseline
diabetes status.(30) Models were further adjusted for a propensity score that reflected
likelihood of participating in MOVE.(31) Post-hoc analyses were performed to examine
the association between participation and CVD incidence among subgroups likely to have
different CVD risk. Baseline was assigned as a veteran’s first MOVE! visit for
participants and as the first visit at which weight was recorded after January 1, 2005 (the
initial year of MOVE! roll-out) for non-participants. Sensitivity analyses were adjusted
for baseline year as a categorical variable, to allow for potential differences in
management across years. We also performed sensitivity analyses examining those who
met the VA criteria for “intense and sustained” participation in MOVE! (attending > 8
sessions within 6 months), which is a level of participation that has been previously
associated with greater weight loss.(32) All analyses were conducted using SAS® version

9.2 (Cary, NC).(33)
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Results

Baseline Subject Characteristics

Compared to eligible non-participants, participants were more likely to be female
(16% vs. 7%), African American (25% vs. 19%), and obese (85% vs. 55%) (Table 5.1).
At baseline, participants had more diagnosed illnesses and risk factors than non-
participants, including diabetes (31% vs. 17%), hypertension (64% vs. 47%),
dyslipidemia (59% vs. 38%), and depression (41% vs. 18%) (each p<0.001). However,
participants were less likely to be current smokers than non-participants (29% vs. 37%)
(p<0.001). In a subset of patients with laboratory data, participants had slightly lower
HDL cholesterol, non-HDL cholesterol, and SBP than non-participants, after stratifying

by baseline diabetes status (all p<0.001, Table 5.2).

MOVE! Attendance and CVD Risk Factors

The median number of MOVE! sessions attended was 2, with 54% of participants
engaging in only 1 or 2 sessions. Twenty-six percent of participants attended 3-7
sessions, and 20% engaged in at least 8 sessions. Among those with recorded weights
available, participants decreased weight by -0.9% and -0.6% at 12 months (N=118,118)
and 3 years (N=61,823), respectively, while non-participants increased weight by 0.2%
(N=917,563) and 0.6% (N=713,110). “Intense and sustained” participants lost
substantially more weight (-3.0% at 12 months, N=10,857, and -2.1% at 3 years,
N=5,381) compared to less active participants (-0.7% at 12 months, N=107,261, and -

0.5% at 3 years, N=56,442).
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At 6 months, MOVE! participation was associated with slightly lower SBP (-0.63
mmHG), non-HDL cholesterol (-1.59 mg/dL), and RPG (-1.49mg/dL), after controlling
for baseline value, BMI, age, sex, race/ethnicity, and diabetes status (all p<0.001). These
differences generally decreased over time between 6 and 36 months. As baseline diabetes
was strongly related to risk factors (particularly RPG and non-HDL cholesterol), results
are stratified by diabetes status (Table 5.3). In sensitivity analyses, “intense and
sustained” participants at 6 months had substantially lower SBP (-2.72 mmHG), non-

HDL cholesterol (-4.98 mg/dL), and RPG (-5.61 mg/dL) compared to non-participants.

CVD Incidence

In this population without baseline CVD, the observed incidence rate of total
CVD was 35 per 1000 person-years. Individually, incidence rates of CAD, CBD, PVD,
and HF were 21, 8, 7, and 5, respectively, per 1000 person-years. Average per-patient
observation time was 59 months (range 1 to 95). In multivariable Cox proportional
hazards models adjusting for demographic and clinical factors including age, race, sex,
BMI, and baseline comorbidities (Table 5.4), MOVE! participation was associated with a
lower incidence of total CVD (hazard ratio 0.83, 95% CI 0.80-0.86), as well as CAD (HR
0.81, 0.77-0.86), CBD (HR 0.87, 0.82-0.92), PVD (HR 0.89, 0.84-0.94) and HF (HR
0.78, 0.74-0.82). In sensitivity analyses, a slight dose response effect was observed (total
CVD HR 0.79, 0.73-0.85 for “intense and sustained” participants compared to non-
participants; HR 0.83, 0.80-0.87 for less active participants compared to non-

participants).
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In the multivariable model described above for total CVD (Table 5.4), other
factors associated with greater incidence of CVD included male sex (women vs. men: HR
0.76, 95% C1 0.73-0.79), current smoking status (HR 1.42, 1.38-1.46), higher baseline
age (each additional year of age: HR 1.05, 1.05-1.06), hypertension (HR 1.15, 1.14-1.17),
and substantial service-connected disabilities (those with 70-100% service-connected
disability compared to no disability: HR 1.35, 1.32-1.39).

In 701,930 patients with available data (Table 5.5), the association with total
CVD was attenuated, but not eliminated, after further adjustment for SBP, HDL

cholesterol, non-HDL cholesterol, and RPG (HR 0.88, 95% CI 0.84-0.92).

Subgroup Analyses

Subgroup analyses were performed to examine possible heterogeneity of effects
across socio-demographic and clinical characteristics (Figure 5.2). Across categories for
sex, age, race/ethnicity, BMI, smoking status, hypertension, and diabetes, an inverse
association between MOVE! participation and CVD incidence was observed. While no
subgroups indicated harm (HR >1), there were variations in degree of benefit associated
with MOVE! participation in some subgroups. Wald p-values for interaction terms were
significant for sex, diabetes status, BMI > 40, smoking status, hypertension, and age > 60.
The inverse association between MOVE! and CVD incidence appeared stronger for men
(HR 0.82, 95% CI 0.79-0.85) than women (HR 0.93, 0.83-1.05), among whom the
association was not significant. The association between MOVE! participation and CVD
incidence appeared more marked among those without baseline diabetes (HR 0.78, 0.75-

0.82) compared to those with diabetes (HR 0.90, 0.83-0.97), although the association
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remained significant even in those with diabetes. MOVE! participation may be less
strongly associated with CVD incidence among those with BMI >40 (HR 0.87, 0.77-
0.99) compared to those who were overweight (HR 0.81, 0.76-0.86), or obese with BMI
30-39.9 (HR 0.82, 0.73-0.93). We observed a stronger association between MOVE!
participation and CVD incidence among current smokers (HR 0.77, 0.70-0.86) and

former smokers (HR 0.83, 0.75-0.93) compared to nonsmokers (HR 0.88, 0.84-0.94).

Discussion

We observed a significant association between participation in a national,
healthcare system-based lifestyle change program and lower cardiovascular disease
incidence. Participation in MOVE! was associated with 17% lower total CVD incidence.
In individual cardiovascular diseases, participation was associated with 19% lower CAD
incidence, 13% lower CBD incidence, 11% lower PVD incidence, and 22% lower HF
incidence. The association of MOVE! participation with reduced CVD incidence was
attenuated, but remained significant, after adjustment for clinical, demographic, and
baseline CVD risk factors.

These results are consistent with several clinical trials that have demonstrated
modest improvements in cardiovascular risk factors among lifestyle change participants.
For example, a small randomized trial among severely obese participants reduced blood
pressure, waist circumference, and insulin resistance.(34) The DPP Outcomes Study,
conducted among participants with prediabetes, demonstrated improved CVD risk
factors, including systolic and diastolic blood pressure, LDL cholesterol, triglycerides,

and HDL cholesterol among all groups, even though lipid and blood pressure medication
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use was lower among lifestyle change participants.(12) Four-year results of the Look
AHEAD study in diabetes patients revealed improved HbA1c, blood pressure, and HDL
cholesterol.(8) A review demonstrated modest but significant changes in blood pressure
and cholesterol associated with lifestyle change program participation among general
population participants.(35)

Despite apparent benefit for cardiovascular risk factors, few studies have shown
an association between lifestyle change program participation and CVD incidence.
Specifically, our results contrast those of the Look AHEAD study, in which participants
achieved substantial weight loss of 8.6%, and improved their CVD risk factor levels, but
did not have reduced CVD incidence.(36) It has been suggested that Look AHEAD
findings may have been confounded by differential statin use, and weight loss in the
controls (3.5% by the end of the trial).(36-37) However, Look AHEAD was also
conducted entirely among participants with diabetes, and we observed a more modest
association between MOVE! participation and CVD incidence among VA patients with
diabetes (HR 0.90) than among those without diabetes (HR 0.78). Researchers have noted
that lifestyle change is more difficult among persons with diabetes due to a multitude of
potential reasons, such as the tendency of some antidiabetic medications to promote
weight gain, the risk of hypoglycemia with weight loss, and the mental and emotional
effects of previous unsuccessful weight loss attempts.(38-39)

More research is needed to determine whether lifestyle change can reduce CVD
events among patients with diabetes and other high-risk groups (such as those with
prediabetes or hypertension), as compared with the general population. A recent

Cochrane review questioned the ability of multifactorial lifestyle change programs to
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affect total or CVD mortality among a general population, but did demonstrate benefit
among trials restricted to high-risk participants with diabetes or hypertension (OR for
fatal and nonfatal CVD events 0.78, 95% CI 0.68 to 0.89).(35) Although we observed a
stronger association between MOVE! participation and CVD incidence among those
without diabetes, our population was high-risk (average BMI 32; approximately 50%
with diagnosed hypertension).

The strengths of our study include a study population large enough to examine
CVD as an outcome, as well as the use of national-level data to examine a lifestyle
change program within a healthcare setting. One limitation of the study is the potential
for confounding, due to the observational nature of the data. Although it is impossible to
rule out confounding by unmeasured factors, detailed electronic health record data
allowed for adjustment of known cardiovascular risk factors, and a propensity score
approach was used to further minimize confounding by measured variables. Another
limitation is that veterans may receive care outside of the VA, and cardiovascular events
may not be recorded in VA databases. To minimize this potential source of
misclassification, we restricted analyses to veterans receiving at least 3 continuous years
of outpatient care in the VA, in order to ensure that included patients had substantial and
consistent contact with the VA system.

A potential limitation of the study is the differential assignment of baseline, in
which baseline was assigned for non-participants as the first visit with a recorded weight
after 2005 (the first year of MOVE! rollout), and for participants as their first MOVE!
visit. This strategy had the benefit of allowing for control of baseline factors among

participants at the time of MOVE! participation (for example, exact age and weight at the
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beginning of participation). In sensitivity analysis, results remained largely unchanged
after adjusting for baseline year, both in the propensity score and in regression models.
One alternative approach would be to assign baseline as the first visit after 2005 among
all patients, and examine associations with MOVE! participation as a time-varying
covariate. However, since such an approach would also require accounting for covariates
at the time of MOVE! participation, the proportional hazards model would necessitate
adjustment for numerous time-varying covariates and would become quite complex.
Another alternative approach would compare participants against ‘baseline-matched’
non-participants by proportionally assigning non-participant baseline years in comparable
ratios to the baseline years of MOVE! participants.

In conclusion, this large observational study demonstrates that participation in the
VA national, healthcare system-based lifestyle change program was associated with a
reduction in CVD incidence. If further research demonstrates benefit and cost-
effectiveness, lifestyle change programs may be an attractive strategy for healthcare
systems to consider implementing as an adjunct to conventional pharmacotherapy

approaches for control of CVD risk factors.
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4 N
Received Care ‘05-12
N=9,951,395
3
>3 years care
N=6,383,265
L 2
Baseline BMI Available
N=6,087,386
L 2
[ BMI >30+ or >25 with a |
Wt-related condition
L N=4,462,622 )

( Y

Eligible for Analysis

| N=1,463,003

v

Excluded
Age >70 (N=1,251,792)

F" Excluded Health

Conditions (N=949,146)
Missing Data (N=416,887)
Baseline CVD (N=381,794)

¥
Non-Participants
N=1,293,755

Participants
N=169,248

Weight-related health conditions included diabetes, hypertension, dyslipidemia, sleep
apnea, or osteoarthritis. Excluded health conditions, consistent with a prior study of

MOVE, included diagnoses of sepsis, pregnancy, cancer other than skin cancer,
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neurodegenerative disease, HIV, or anorexia, or receipt of hospice or nursing home care.
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Figure 5.2. Hazard Ratios for Total CVD Incidence among Participants Compared

to Non-Participants, by Subgroup

CVD Incidence Hazard Ratios by Subgroup

Subgroup HR Interaction,
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Current 077 =.001 —

Hazard Ratios

*N=1,463,003. Cox proportional hazards models included covariates: baseline age, BMI,
sex, race/ethnicity, CClI, hypertension, dyslipidemia, COPD, smoking status,
prescriptions for weight loss, prescriptions with a risk of weight gain, service connected
disability status, osteoarthritis, kidney disease, sleep apnea, mental health conditions,
service connected disability status, marital status, distance to MOVE! clinic, number of
primary care Visits per year, and years of care in the VA system. Wald p-values for
interaction terms are shown. Hazard ratios less than 1 (to the left of the dashed axis)
indicate that MOVE! participation was associated with reduced CVD incidence.

Significant p-values indicate possible heterogeneity of effects across subgroups.
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Table 5.1. Characteristics of Participants and Eligible Non-Participants, 2005-2012

All Non- Participants
Participants
N=1,463,003 | N=1,293,755 | N=169,248

Age at baseline 5197 +11.71 [51.91+£11.77 |52.39+11.18

Sex
Male 92.14% 93.16% 84.42%
Female 7.86% 6.84% 15.58%

Race
White 76.24% 77.03% 70.13%
African American 19.40% 18.62% 25.40%
Other 4.36% 4.35% 4.47%

BMI at baseline, mean 31.89+5.15 |31.38+4.76 35.80 £ 6.27
25-29.9 41.22% 44.66% 14.97%
30-34.9 36.91% 36.86% 37.25%
35.0-39.9 14.67% 13.09% 26.79%
>40 7.19% 5.39% 20.98%

Charlson Comorbidity Index
0 Point 89.46% 91.16% 76.46%

1 Point 8.88% 7.57% 18.94%
2+ Points 1.66% 1.28% 4.59%
Diabetes 18.77% 17.21% 30.72%
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Hypertension 49.00% 47.05% 63.91%
Dyslipidemia 40.76% 38.33% 59.33%
Mental health conditions
Depression 20.94% 18.32% 40.99%
Psychoses 18.49% 16.09% 36.80%
PTSD 10.69% 9.26% 21.64%
Smoking Status
Current Smoker 35.84% 36.70% 29.25%
Former Smoker 28.71% 28.46% 30.63%
Lifetime Non-smoker 35.45% 34.84% 40.12%
Rx for weight loss medication 4.30% 3.79% 8.14%
Rx with weight gain risk 69.93% 68.55% 80.44%
Married 56.79% 57.40% 52.17%
No Service Connected Disability | 50.51% 51.42% 43.52%
No. primary care visits/year 3.34+2.08 3.26 +2.02 3.97 £2.45
No. years with a visit 8.40+3.41 8.35+3.41 8.81+3.35
Distance to MOVE! Clinic 43.50 +33.52 |43.91+33.61 |40.38+32.60

*+ values are means +SD. All associations between patient characteristics and MOVE!

participation were significant (p <0.001), according to chi-squared tests (categorical

variables) and ANOVA (continuous variables).



Table 5.2, CVD Risk Factors at Baseline
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Without Baseline Diabetes

With Baseline Diabetes

All Participants | Non- All Participants | Non-
Participants Participants
N 542,494 | 86,434 456,060 159,436 | 43,582 115,854
SBP 132.48 £+ | 130.23 + 13291 + 13434+ | 131.56 = 135.38 =
15.86 13.95 16.16 16.54 14.77 17.04
HDL 43.77 £ 42.46 £ 4401 £ 40.48 £ 39.38 £ 40.89 £
12.81 11.89 12.96 11.50 10.61 11.78
Non-HDL- | 15543+ | 150.96 = 156.27 = 140.67 £ | 134.14 + 143.13
Cholesterol | 40.07 38.22 40.36 44.46 42.38 44.98
RPG 100.39+ | 101.15+ 100.24 = 155.85+ | 152.30 = 157.19
19.30 16.70 19.76 69.13 65.46 70.41

* N=701,930 at baseline. + values are means £SD. All associations between CVD risk

factors and MOVE! participation were significant (p <0.001), controlling for baseline

diabetes status.
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Table 5.3. Population Marginal Mean Cardiovascular Risk Factors over 6-36

Months, Stratified by Participation and Diabetes Status

6 Months 12 Months 24 Months | 36 Months

Systolic Blood Pressure

Non-Participants, No DM | 131.29 130.81 130.36 130.21

Participants, No DM 130.59 130.34 130.34 130.37

Non-participants, DM 133.90 133.66 132.93 132.92

Participants, DM 133.06 132.81 132.69 132.99
HDL Cholesterol

Non-Participants, No DM | 44.42 44.98 44.87 44.86

Participants, No DM 44.48 45.14 45.59 45,92

Non-participants, DM 41.13 41.70 41.47 41.20

Participants, DM 41.19 41.72 42.13 42.46
Non-HDL Cholesterol

Non-Participants, No DM | 151.76 148.08 145.93 144.67

Participants, No DM 150.57 147.58 144.64 143.12

Non-participants, DM 135.40 132.92 130.84 129.12

Participants, DM 133.10 131.28 128.89 127.14
Random Plasma Glucose

Non-Participants, No DM | 103.14 102.56 103.70 103.94

Participants, No DM 101.80 101.54 102.52 103.26

Non-participants, DM 147.65 148.59 149.08 149.27
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Participants, DM

146.20

146.99

148.61

149.31

** | east square means compute averages controlled for baseline value, baseline BMI,

baseline age, sex, and race/ethnicity. Sample sizes vary by laboratory value and decrease

over time; available upon request.
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Total CVD | CAD CBD PVD HF
HR | CI HR | Cl HR | Cl HR | CI HR | CI
MOVE! 0.83 | 0.80- | 0.81 | 0.77- | 0.87 | 0.82- | 0.89 | 0.84- | 0.78 | 0.74-
Participation 0.86 0.86 0.92 0.94 0.82
Age at baseline 1.05| 1.05- | 1.05 | 1.05- | 1.06 | 1.06- | 1.07 | 1.06- | 1.06 | 1.06-
1.06 1.05 1.06 1.07 1.06
Female 0.76 | 0.73- | 0.69 | 0.66- | 1.01 | 0.97- | 0.74 | 0.69- | 0.64 | 0.59-
0.79 0.73 1.06 0.79 0.67
Race (ref=White)
African American | 0.97 | 0.92- | 0.90 | 0.83- | 0.97 | 0.92- | 0.99 | 0.92- | 1.38 | 1.30-
1.03 97 1.01 1.07 1.46
Other 0.83|0.79- | 0.82 | 0.78- | 0.80 | 0.75- | 0.83 | 0.76- | 0.81 | 0.75-
0.86 0.87 0.86 0.91 0.87
BMI at baseline 1.01|1.01- | 1.01 | 1.01- | 0.98 | 0.98- | 1.00 | 0.99- | 1.06 | 1.06-
1.01 1.02 0.99 1.00 1.07
CCI (ref=none)
One 1.07 | 1.05- | 1.04 | 1.01- | 1.08 |1.05-|1.05|1.02-|1.28 | 1.22-
1.09 1.06 1.12 1.09 1.35
Two+ 112 | 1.07- | 1.03|0.98- | 1.28|1.19-|1.11|1.02-|1.22|1.12-
1.17 1.09 1.37 1.21 1.33
Hypertension 1.15|1.14- | 1.10 | 1.09- | 1.29|1.26-|1.16 | 1.14- | 1.28 | 1.24-
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1.17 1.12 1.32 1.19 1.32
Dyslipidemia 0.96 | 0.95- | 1.01 | 0.99- | 0.99 | 0.97- | 0.91 | 0.88- | 0.80 | 0.77-
0.98 1.04 1.01 0.93 0.82
COPD 1.07 | 1.05- | 1.11 | 1.08- | 0.99 | 0.94- | 1.00 | 0.95- | 1.29 | 1.23-
1.10 1.14 1.03 1.05 1.35
Smoking Status
Current Smoker 142 11.38- 1128 |1.23- |1.46|1.39-|235|218-|1.42|1.35-
(ref=Never) 1.46 1.33 1.52 2.53 1.49
Former Smoker 1.08 |1.04- | 1.07 | 1.02- |1.07 | 0.99-| 121 |1.12-|1.07|1.01-
(ref=Never) 1.13 1.14 1.14 1.30 1.14
Rx for weight loss 1.14|1.11- 114 |110- |111|1.06-|1.23|117-|1.18|1.13-
1.16 1.17 1.15 1.28 1.23
Rx with weight gain | 1.44 | 1.42- | 1.38 | 1.33- | 1.50 | 1.45- | 1.81 | 1.75- | 1.86 | 1.79-
risk 1.47 1.40 1.55 1.86 1.93
Service Connected
Disability
(ref=none)
0-20% 0.93 | 0.91- | 0.94 | 0.92- | 0.93 | 0.90- | 0.94 | 0.91- | 0.81 | 0.78-
0.95 0.96 0.97 0.97 0.85
30-60% 1.03|1.01- | 1.07 | 1.04- | 0.97 | 0.94- | 1.06 | 1.02- | 0.82 | 0.78-
1.06 1.10 1.00 1.10 0.85
70-100% 135|1.32- | 146 |1.42- | 118 |1.14-|1.45|140-|1.31|1.25-
1.39 1.50 1.22 1.50 1.37
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N=1,463,003. Models also controlled for osteoarthritis, distance from a patient’s zipcode
to a facility offering MOVE, marital status, kidney disease, sleep apnea, mental health
conditions (depression, psychoses, and PTSD), number of primary care visits per year,
and years of care in the VA system. Other factors considered for inclusion in analysis but
omitted through AIC model selection included alcohol abuse and drug abuse. Models
were stratified by baseline diabetes status using the strata option in the SAS phreg
procedure. Models were adjusted for clustering by clinic, and included propensity scores

to adjust for likelihood of MOVE! participation.
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Table 5.5, CVD Incidence in subset with additional baseline CVD risk factor data

Total CVD | CAD CBD PVD HF
HR | Cl HR | Cl HR | Cl HR | CI HR | ClI
MOVE! 0.88 | 0.84- | 0.86 | 0.81- | 0.93 | 0.87-]|0.95|0.88-|0.83 | 0.77-
Participation 0.92 0.92 0.99 1.02 0.89
sBP* 1.05|1.04- |1.03|1.03-|1.07|1.06-|107|1.06-|1.08 | 1.07-
1.05 1.04 1.08 1.08 1.09
HDL cholesterol* | 0.94 | 0.93- | 0.92 | 0.91- | 0.96 | 0.94- | 0.94 | 0.92- | 1.01 | 0.99-
0.95 0.93 0.97 0.96 1.02
Non-HDL 1.01|1.01- |1.02|101-|1.01|101-|{101|1.01-|0.99 |0.99-
cholesterol* 1.01 1.02 1.02 1.02 1.00
RPG* 1.01|101- |101|{101-|1.01|1.01-|{102|1.01-|1.02 |1.02-
1.01 1.01 1.01 1.02 1.03

Models identical to Table 3 above, but including additional adjustment (sBP, HDL

cholesterol, non-HDL cholesterol, and RPG) and restricted to patients with available data

for these laboratory and clinical measures (N=701,930). *Hazard ratios for clinical

measures are per 10-unit increase.
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Abstract

Objective: Healthcare system-based lifestyle change programs have the potential to assist
many diabetes patients, and the VA’s The VA’s MOVE!® program is the largest in the
US. We sought to examine the association between MOVE participation and diabetes
management.

Research Design and Methods: We used VA databases to identify patients with
diabetes eligible for MOVE (2005-2012) — BMI >30, or BMI >25 with a weight-related
health condition. Least square means were used to calculate changes in weight, random
plasma glucose (RPG), and HbAlc, adjusting for baseline differences between
participants and nonparticipants. Cox proportional hazards models were constructed to
analyze associations with diabetic eye disease and renal disease, as well as medication
intensification (initiating a new oral antidiabetes medication or insulin).

Results: There were 400,170 eligible patients with diabetes, including 87,366 (22%)
MOVE participants. The patients were 96% male, 77% white, with mean age 58 years
and BMI 34. Controlling for baseline value, BMI, age, gender, race/ethnicity, and
antidiabetes medications, MOVE participants had lower body weight (-0.6 kg), RPG (-
2.8 mg/dL), and HbAlc (-0.1%) at 12 months compared to nonparticipants (each
p<0.001). In multivariable Cox models adjusting for age, race, sex, BMI, and baseline
comorbidities, MOVE participation was associated with lower incidence of eye disease
(hazard ratio 0.80, 95% CI 0.76-0.85) and renal disease (0.90, 0.86-0.93), as well as less

medication intensification (0.81, 0.79-0.83).
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Conclusions: In this VA healthcare setting, lifestyle change program participation among
patients with diabetes was associated with lower incidence of diabetes complications,

despite less medication intensification.
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Introduction

In parallel with recent increases in obesity, the prevalence of type 2 diabetes has
increased sharply in the United States (1). Diabetes is a major cause of mortality and
morbidity among adults, and is the leading cause of incident blindness and kidney failure
(2). In 2012, the total cost of diabetes was estimated at $245 billion (3), and health care
costs attributable to prediabetes and diabetes are projected to yield a cumulative
expenditure of $3.5 trillion over the next decade (4). Lifestyle change programs have
been shown to reduce diabetes incidence among those at risk for the disease (5), and
evidence suggests that lifestyle change programs improve weight and glycemic control
(6-7), reduce medication use (8-9), and may reduce microvascular complications (10-11)
among those with diabetes. While lifestyle change is a recommended strategy for disease
management among patients with diabetes (12), there is little understanding of how
translating lifestyle change programs into a clinical setting may impact diabetes
management (13).

The Veterans Health Administration (VA) is the largest integrated healthcare
system in the US (14). In 2000, it was estimated that nearly 1 in 5 patients receiving care
at the VA had diabetes (15), approximately twice the prevalence in the general adult
population (16). The VA’s MOVE!® lifestyle change program has enrolled over 400,000
participants since 2005, and the program has been associated with modest weight loss
(17). We examined the association between MOVE participation and (a) change in
hemoglobin Alc (HbAlc) and random plasma glucose (RPG), (b) incidence of diabetic

eye disease and renal disease, and (c) intensification of antidiabetes medications.
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Methods

Databases

We used data from the VA’s Corporate Data Warehouse (CDW), which is a
national repository of information from clinical and administrative systems. Data are
available from 1999-present, and include patient demographics, vital signs, diagnoses,
procedures, and prescriptions. We accessed these data through the Veterans Informatics
and Computing Infrastructure (VINCI) data processing environment . This work was
approved by the Emory University Institutional Review Board and the Atlanta VA

Medical Center Research and Development Committee.

MOVE Program

The VA’s MOVE program typically offers group-based counseling on nutrition,
physical activity, goal-setting, and maintenance. The standard MOVE curriculum
includes an orientation session with an intake questionnaire, which is used to offer
tailored feedback to patients. In addition, the curriculum includes 10 core modules
emphasizing improving nutrition, reducing fat intake, evaluating portion sizes, walking
with a pedometer and physical activity modifications for wheelchair users, setting goals
and overcoming barriers, exercising safely, the importance of planning ahead, modifying
one’s environment for success, resolving difficulties, and staying motivated.
Implementation may vary across VA facilities in terms of organization and delivery,
although a study of best practices has emphasized the importance of using the standard
MOVE curriculum and offering a group-based format (18). We defined participants as

those who attended at least one session of the program.
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Study Population

There were nearly 10 million veterans receiving care between the time of MOVE
roll-out (2005) through the end of 2012 (Figure 1). From this group, we selected veterans
with at least one VA outpatient visit per year for at least 3 consecutive years, who were
eligible to participate in MOVE: patients who were either obese (body mass index [BMI]
>30 kg/m?), or overweight (BMI >25) with a weight-related health condition (diabetes,
hypertension, dyslipidemia, sleep apnea, or osteoarthritis). From these 4.5 million
veterans, we excluded patients over age 70 because MOVE is not targeted to individuals
above this age, due to uncertainty about adverse effects of overweight among the elderly
(19). To allow comparisons with a previous study of MOVE (17), we also excluded
veterans who would be unlikely to be able to participate in a weight loss program due to
contraindications, or who would be likely to experience weight change for reasons
unrelated to MOVE (such as sepsis, pregnancy, cancer other than skin cancer,
neurodegenerative disease, HIV, and anorexia, or those receiving hospice or nursing
home care). In addition, we restricted our study population to veterans with diabetes at
baseline, defined as use of the 250.xx ICD-9 code or prescription of a diabetes drug. The
use of similar indicators has been validated (15). Lastly, we excluded veterans missing
data for key demographic and clinical indicators, leaving 400,170 patients eligible for

analysis.

Measurements
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Demographic characteristics: Information in the VA CDW includes age, sex,

race/ethnicity, marital status, and VA facility. Race/ethnicity was defined as White,
African American, and Other, the latter combining Hispanics, Asian/Pacific Islanders,
and American Indians/Alaska Natives (each <2% of the population). The VA’s “service-
connected disability” indicator was used as a simple measure of socioeconomic status
(SES) and disability status, consistent with prior studies.(20-21). This variable indicates
whether veterans are eligible for VA care based on disability status, “service connected
disability,” or based on low SES, “no service connected disability.” Having few service-
connected disabilities is a proxy for low SES.

Weight-related illnesses and comorbidities: Ilinesses were assessed using ICD-9

codes and procedure codes. The Charlson Comorbidity Index (CCI) was employed using
the enhanced ICD-9 coding algorithm developed by Quan et al. (22).

Diabetes complications: Diabetic eye disease and renal disease were identified

with 1CD-9 codes, procedure codes, and CPT codes. Diabetic eye disease was defined as
ICD-9 code 250.5x or 362.0x, as well as diabetes plus codes for retinal edema, vitreous
hemorrhage, retinal detachment, cranial nerve palsy, blindness, laser surgery,
vitrectromy, retinal detachment repair, and enucleation, as used in previous studies of eye
disease in the VHA. Sensitivity analyses were also conducted examining eye disease with
inclusion of ICD-9 codes for glaucoma and cataracts, and procedure codes for glaucoma
trabeculectomy and cataract extraction. Diabetic renal disease was defined as ICD-9 code
250.4x, or diabetes plus ICD-9 codes for proteinuria, kidney disease, acute renal failure,
end-stage renal disease or uremia, or diabetes plus procedure codes or CPT codes for

hemodialysis, peritoneal dialysis, or transplantation.
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Diabetes medications: Initiation of oral antidiabetes medications and insulin were

assessed based on date of first recorded prescription. Medication intensification was
defined as prescription of a new oral antidiabetes medication or initiation of insulin (23).

Laboratory Measures: Additional laboratory and clinical values (systolic blood

pressure, RPG, and hemoglobin HbA1c) were available for a subset of patients. Random
plasma glucose was defined as any outpatient blood or plasma glucose measure,
excluding capillary or arterial values and excluding glucose challenge test measurements.
Laboratory measures were recorded as the most recent value within 12 months prior to
baseline visits. Follow-up measures for RPG and HbA1c were recorded as average values
captured within subsequent time windows (6 mo: 3-9 mo; 12 mo: 9-15 mo; 24 mo: 21-27
mo; 36 mo: 33-39 mo).

BMI: Body mass index (BMI) was assessed using clinically recorded weight and
height, after excluding implausible values (approximately 0.1%). Height was taken as the
average height recorded for the patient, if multiple measures were available. Weight was
recorded as the patient’s baseline weight, and follow-up weights as average weight within
subsequent time windows, as above.

VA Care: Distance to the nearest VA facility offering MOVE was calculated for
each patient, based on geographic distance between the geographic midpoint of the
patient’s zipcode and the coordinates of the nearest VA facility offering MOVE. Each
patient’s average number of primary care visits per year, and total number of years with
recorded VA visits, were also calculated to assess frequency and longevity of interaction

with the VA system.
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Smoking: Text-based information was used to classify patients as “Current
Smoker”, “Former Smoker”, or “Never / Lifetime Non-Smoker,” as previously described

and validated by McGinniss et al. (24).

Statistical Analysis

Bivariate associations were analyzed using ANOVA (continuous variables) and
chi-squared tests (categorical variables) for descriptive characteristics among participants
and nonparticipants. Least square means were used to calculate average body weight,
RPG, and HbAlc among participants compared to non-participants, controlling for
baseline value, BMI, age, gender, race/ethnicity, and baseline antidiabetes medications.

For regressions, we conducted stepwise model selection and assessed model fit
based on the Akaike information criterion (AIC). Cox proportional-hazards models were
constructed to estimate hazard ratios for diabetic eye disease (among those without eye
disease at baseline) and diabetic renal disease (among those without renal disease at
baseline), as well as medication intensification. Robust sandwich covariance matrix
estimates were used to adjust for clustering at the clinic level (25). Models were further
adjusted for a propensity score that reflected likelihood of participating in MOVE (26).
Baseline was assigned as a veteran’s first MOVE visit for participants and as the first
visit at which weight was recorded after January 1, 2005 (the initial year of MOVE roll-
out) for non-participants. Sensitivity analyses were adjusted for baseline year as a
categorical variable, to allow for potential differences in management across years. We
also performed sensitivity analyses examining those who met the VA criteria for “intense

and sustained” participation (attending > 8 sessions within 6 months), which is a level of
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participation that has been previously associated with greater weight loss (27). All
analyses were conducted using SAS® statistical software (version 9.2; SAS Institute,

Cary, NC).

Results

Baseline Subject Characteristics

In this MOVE-eligible population with diabetes, MOVE participants were more
likely than nonparticipants to be female (7% vs. 3%), African American (23% vs. 17%),
and obese (89% vs. 67%) (Table 6.1). Patients had frequent (median approximately 4
primary care Visits per year) and sustained (median 10 years) care in the VA system.
Participants were more likely than nonparticipants to have baseline eye disease (25% vs.
15%) or baseline renal disease (13% vs. 5%), and were more likely to be taking oral
antidiabetes medications (79% vs. 67%) or insulin (32% vs. 19%). Participants were
more likely to have a service-connected disability (59% vs. 49%) but less likely to be
current smokers (27% vs. 31%). All differences between participants and nonparticipants

were statistically significant (p<0.001).

Change in Weight, RPG, and HbAlc

Participation was associated with modestly lower body weight (-0.6 kg), random
plasma glucose (-2.8 mg/dL), and HbAlc (-0.1%) at 12 months (Table 6.2A, all
p<0.001), after adjusting for baseline value, baseline BMI, baseline age, gender,
race/ethnicity, and baseline medication status (oral antidiabetes medications and/or

insulin). Differences in measurements between participants and nonparticipants became
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smaller over time from 12 to 36 months, but remained significant. In sensitivity analyses,
participants who met VA criteria for “intense and sustained” participation (9.5% of
participants), had substantially lower weight (-2.1 kg), RPG (-7.8 mg/dL), and HbA1c (-

0.3%) compared to nonparticipants at 12 months (Table 6.2B, all p<0.001).

Incidence of Diabetes Complications

Median follow-up time was 69 months (range 1-95). Incidence of diabetic eye
disease was 52 per 1000 person-year (among those with no eye disease at baseline) and
incidence of renal disease was 30 per 1000 person-years (among those with no renal
disease at baseline). In multivariable models, MOVE participation was associated with
lower incidence of eye disease (HR 0.80, 95% CI1 0.76-0.85) and renal disease (HR 0.90,
0.86-0.93) (Table 6.3). For eye disease, being African American was also associated with
increased incidence (HR 1.19, 1.11-1.27), as was having a prescription for oral
antidiabetes medications (HR 1.23, 1.20-1.26) or insulin (HR 2.10, 2.03-2.17) at baseline.
For renal disease, being African American (1.45, 1.39-1.51), having diagnosed
hypertension (HR 1.40, 1.37-1.44), and taking insulin at baseline (HR 1.67, 1.63-1.71)
were associated with increased incidence.

In sensitivity analyses including glaucoma and cataract in the definition of eye
disease, the effect of MOVE participation was reduced (HR 0.92, 95% CI1 0.87-0.98). The
inverse associations between MOVE participation and diabetic eye disease (HR 0.85,
95% C1 0.80-0.90) and renal disease (HR 0.94, 0.90-0.98) remained significant after

further adjustment for baseline HbAlc and systolic blood pressure, among those with
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available measures (N=218,935 for eye disease and N=251,295 for renal disease) (Table

6.4).

Initiation and Intensification of Diabetes Medications

Medication intensification occurred at a rate of 157 new medications per 1000
person-year of observation. MOVE participation was inversely associated with
medication initiation (HR 0.81, 0.79-0.83) (Table 6.3). This association adjusted for
baseline medication status, which was strongly linked to medication intensification: as
expected, patients who already had a prescription for insulin at baseline were much less
likely to have a new medication added (HR 0.30, 0.28-0.31) compared to patients who
did not. The inverse association between MOVE participation and medication initiation
remained significant (HR 0.88, 0.86-0.91) after further adjustment for baseline HbAlc
and systolic blood pressure (Table 6.4). In sensitivity analyses examining level of MOVE
participation, intense and sustained MOVE participation was associated with a stronger
effect on medication intensification and renal disease, but not eye disease (Table 6.5).

In additional analyses separately examining oral antidiabetes medication initiation
and insulin initiation, oral antidiabetes medication initiation occurred more frequently
(141 per 1000 person-years) than insulin initiation (60 per 1000 person-years). MOVE
participation appeared more strongly associated with reduced oral antidiabetes
medication intensification (HR 0.78, 0.75-0.82) than insulin initiation (HR 0.96, 0.93-

0.99) (Table 6.6).
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Discussion

In this national population of patients with diabetes, we observed a
significant association between participation in the VA lifestyle change program and
lower incidence of diabetes complications and medication intensification. Participation in
MOVE was associated with 20% lower incidence of diabetic eye disease, 10% lower
renal disease, and 19% lower medication intensification. These inverse associations
remained significant after adjustment for baseline demographic and clinical risk factors.

Our observations are consistent with other studies, including the multicenter
randomized Look AHEAD trial, that have shown reduced medication usage among
lifestyle change program participants with diabetes (8-9). However, there is less evidence
regarding the potential for lifestyle change programs to impact microvascular outcomes
in patients with diabetes (13). At this time, microvascular results are still forthcoming
from the Look AHEAD trial: initial findings presented at the 2013 American Diabetes
Association meeting indicated that lifestyle change participants had 31% lower incidence
of advanced renal disease, and 14% lower incidence of retinopathy (10). The China Da
Qing Diabetes Prevention Outcomes study found that lifestyle intervention was
associated with a lower incidence of severe retinopathy (HR 0.53, 0.29-0.99) but not
nephropathy (HR 1.05, 0.16-7.05) (28).The multidimensional Steno-2 trial, which
incorporated both lifestyle change and pharmacotherapy, reported a reduction in
progression of retinopathy (OR 0.45, 0.21-0.95) and nephropathy (OR O.27, 0.10-0.75)
(11). However, due to the inclusion of pharmacotherapy, these results may not be
representative of lifestyle change programs incorporating only diet, exercise, and

motivational components. Although trials among patients with diabetes with
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microvascular endpoints are scarce, a recent review has linked weight loss in chronic
kidney disease patients with improved renal function, including decreased proteinuria and
increased GFR (29).

Our study is also consistent with prior work that has demonstrated improvements
in weight and glucose control with lifestyle change among patients with diabetes.(6-7)
For example, a small-scale (147 patients) healthcare system-based randomized trial
among obese persons with diabetes reduced weight (-3.0kg at 12 months) and Alc,
although impact on Hb Alc was modest and no longer statistically significant at 12
months (-0.2%, p=.45) (9). These metabolic changes were comparable to what we
observed in “intense and sustained” MOVE participants (weight loss -2.1 kg, HbAlc -
0.3% over 12 months, all p<0.001 compared to nonparticipants).

Clinical diabetes management is a complicated undertaking, of which patient
education and lifestyle change counseling is only one component. In a managed care
setting, implementation of a multifactorial diabetes disease management program,
including provision of diabetes education and nutrition counseling with no copayments,
as well as establishment of a diabetes registry, dissemination of clinical guidelines, and
development of clinical reminders to improve processes of care, was associated with
decreased HbAlc (-0.60%) (30). The multicenter TRIAD observational study of diabetes
care hypothesized that system factors (including health system structure, disease
management strategies, patient education, payment strategies, and data systems) impact
processes of care such as HbAlc testing, clinical examinations, and medication
prescriptions, and thereby impact patient health outcomes including glycemic control and

diabetes complications (31). Perhaps due to greater awareness of these issues, clinical
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management of diabetes has improved, although nearly half of patients with diabetes in
2007-2010 reported not receiving diabetes education (32).

If lifestyle change programs are implemented in healthcare settings, one must
consider the broader context of the healthcare system in which they operate, and how
health system factors may affect program participation and health impact. For example,
the TRIAD study found that out-of-pocket costs influence patient participation in
diabetes education programs (33), and in 2008, the VA eliminated copayments for health
education in order to promote participation in MOVE. In addition to implementation of
the MOVE program and provision of health education services without copayment, the
VA compares favorably against commercial managed care in other aspects of diabetes
management, including Alc testing, aspirin use counseling, eye and foot examinations,
and lipid control (34).

One concern is that, among participants with diabetes, changes in behavior and
weight loss may not be sustained beyond the end of lifestyle interventions (13). We
observed modest differences in weight, RPG, and HbAlc between participants and
nonparticipants that were attenuated over time. Prior research has suggested that lifestyle
change program participants with diabetes have impaired weight loss and maintenance of
losses over time compared to those without diabetes (35-36). Difficulties among patients
with diabetes in adhering to dietary and exercise regimens have been previously noted
(37), and such patients face numerous barriers to lifestyle change. In particular, weight
loss or maintenance may be more difficult among persons with diabetes due to the weight
gain associated with some antidiabetes medications and insulin, the risk of hypoglycemia

with weight loss (particularly if medications are not adjusted proactively), and the mental
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and emotional effects of previous failed weight loss attempts (38-40). If lifestyle change
is more difficult in patients with diabetes, it highlights the importance of intervention
early in the natural history of the disease.

The strengths of our study include the examination of a lifestyle change program
within a national healthcare setting, and a study population large enough to examine
associations with the development of diabetes complications. The limitations include the
observational nature of the data, with a potential for confounding. However, detailed
electronic health record data allowed for adjustment for differences in known clinical risk
factors, and a propensity score approach was used to further minimize confounding by
measured variables. In addition, some veterans receive care outside of the VA, and some
diagnoses and medications may not be recorded in VA databases. To minimize this
potential source of misclassification, we restricted analyses to veterans receiving at least
3 continuous years of outpatient care in the VA, in order to ensure that included patients
had substantial and consistent contact with the VA system. We were also not able to
account for increases in dosage in our examination of medication intensification.
However, our definition of medication intensification as ‘initiation of a new medication’
is consistent with prior work (23).

In conclusion, this study demonstrates that participation of patients with diabetes
in a healthcare system-based lifestyle change program was associated with a reduced
incidence of diabetes complications. In addition, participation was associated with
improved weight, blood pressure, and Alc levels despite reduced intensification of

diabetes medications. Lifestyle change programs, which are already recommended to be
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offered through healthcare systems for diabetes prevention among high-risk individuals,

may also be beneficial for the growing population of diabetes patients in the US.
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Table 6.1. Characteristics of Participants and Eligible Non-Participants with DM,

2005-2012
All Non- Participants
Participants
N=400,170 N=312,804 N=87,366

Age at baseline 58.44 +7.68 |58.48 +7.68 58.30 £ 7.71

Sex
Male 95.85% 96.69% 92.82%
Female 4.15% 3.31% 7.18%

Race
White 77.14% 78.36% 12.771%
African American 18.34% 17.07% 22.88%
Other 4.52% 4.57% 4.34%

BMI at baseline, mean 33.99+6.16 |33.06+5.62 37.33+6.82
25-29.9 28.51% 33.31% 11.34%
30-34.9 35.36% 36.71% 30.53%
35.0-39.9 21.16% 19.07% 28.65%




154

>40 14.97% 10.91% 29.48%
Baseline eye disease 16.89% 14.61%% 25.07%
Baseline renal disease 6.63% 4.92% 12.73%
Baseline Oral Antidiabetic 69.33% 66.67% 78.89%
Medication
Baseline Insulin 22.02% 19.15% 32.28%
Baseline HbAlc* 7.50% 7.48% 7.56%
Baseline RPG 156.08 157.25 152.66
Charlson Comorbidity Index

0 Point 72.10% 76.47% 56.46%

1 Point 17.65% 15.43% 25.59%

2+ Points 10.25% 8.10% 17.96%
Hypertension 80.52% 78.31% 88.43%
Dyslipidemia 70.07% 67.02% 80.99%
Mental health conditions

Depression 25.24% 20.44% 42.45%

Psychoses 21.50% 17.17% 36.99%
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PTSD 12.01% 9.17% 22.18%
Smoking Status
Current Smoker 29.98% 30.86% 26.80%
Former Smoker 37.53% 37.27% 38.48%
Lifetime Non-smoker 32.49% 31.87% 34.71%
Rx for weight loss medication 21.99% 21.73% 22.95%
Married 62.18% 63.50% 57.46%
No Service Connected Disability 49.13% 51.27% 41.48%
No. primary care visits/year 4.26 £ 2.55 4.06 £2.41 4,97 £2.90
No. years with a visit 9.87+3.32 9.84 +3.35 10.00 + 3.21
Average Distance to MOVE Clinic | 43.64 +32.74 | 44.45+32.88 |40.76 +
32.08

*For baseline HbAlc, N=274,474 for all, N=200,209 for nonparticipants, and N=74,265

for participants. TFor baseline RPG, N=319,964 for all, N=238,054 for nonparticipants,

and N=81,910 for participants. +values are means +SD. All associations between patient

characteristics and MOVE participation were significant (p <0.001), according to chi-

squared tests (categorical variables) and ANOVA (continuous variables).
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Table 6.2. Population Marginal Mean Random Plasma Glucose and Hemoglobin

HbALc over 6-36 Months, Stratified by Participation

Table 6.2a: Participants vs. Non-participants

6 Months 12 Months 24 Months | 36 Months

Weight (kg)

Non-participants 105.84 105.49 104.84 103.83

Participants 105.38 104.91 104.25 103.54

Difference 0.46 0.58 0.59 0.29
RPG (mg/dL)

Non-participants 148.28 148.56 148.46 149.28

Participants 145.33 145.76 146.83 148.48

Difference 2.95 2.80 1.63 0.80
HbALc (%)

Non-participants 7.45 7.53 7.54 7.62

Participants 7.38 7.43 7.50 7.57

Difference 0.07 0.10 0.04 0.05

Table 6.2b: “Intense and Sustained” and “Less Active” vs.

Non-participants
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6 Months 12 Months 24 Months 36 Months

Weight (kg)

Non-participants 105.85 105.49 104.84 103.83

Less Active 105.58 105.10 104.40 103.67

Intense and Sustained 103.81 103.44 102.96 102.48
RPG (mg/dL)

Non-participants 148.31 148.59 148.48 149.29

Less Active 146.08 146.33 147.26 148.84

Intense and Sustained 138.76 140.83 143.12 145.34
HbA1c (%)

Non-participants 7.45 7.53 7.54 7.62

Less Active 7.41 7.45 7.52 7.58

Intense and Sustained 7.16 7.28 7.39 7.43

Least square means compute averages controlled for baseline value, baseline BMI,

baseline age, gender, race/ethnicity, and baseline medication status (oral antidiabetes

medications and/or insulin). For weight, N=15,885 at 6 months, 317,129 at 12 months,

280,996 at 24 months, and 242,766 at 36 months. For RPG, N=227,144 at 6 months,

230,508 at 12 months, 204,690 at 24 months, 177,611 at 36 months. For HbAlc,
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N=187,810 at 6 months, 190,126 at 12 months, 167,636 at 24 months, and 144,876 at 36
months. All differences were significant between participants and nonparticipants
(p<.001) in Table 2a, and across participation levels (non-participation, less active

participation, and intense and sustained participation) in Table 2b (p<.001).
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Table 6.3. Incidence of Diabetes Complications and Medication Intensification

Eye Disease Renal Disease Medication
intensification
N=332,571 N=373,643 N=400,170
HR Cl HR Cl HR Cl
MOVE Participation 0.80 | 0.76-0.85 0.90 0.86-0.93 | 0.81 | 0.79-0.83
Age at baseline 1.01 | 1.01-2.01 | 1.03 | 1.03-1.03 | 0.99 | 0.99-0.99
Female 0.81 | 0.76-0.86 0.78 0.71-0.85 | 0.83 | 0.80-0.86
Race (ref=White)
African American 1.19 | 1.11-1.27 1.45 1.39-1.51 | 0.97 | 0.94-0.99
Other 111 | 1.03-1.20 | 1.02 | 0.96-1.09 | 0.96 | 0.92-1.00
BMI at baseline 0.99 | 0.99-1.00 1.02 1.01-1.02 | 1.00 | 1.00-1.00
Baseline kidney disease | 1.13 | 1.10-1.18 - - 0.88 | 0.86-0.90
Baseline eye disease - - 1.31 1.27-1.35 | 0.98 | 0.97-1.00
Insulin at baseline 2.10 | 2.03-2.17 1.67 1.63-1.71 | 0.30 | 0.28-0.31
Oral Antidiabetes Rx at 1.23 1.20-1.26 1.08 1.05-1.10 | 0.86 | 0.83-0.88
baseline
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Rx for weight loss 1.29 1.25-1.33 1.33 1.29-1.37 | 251 | 2.43-2.60
Hypertension (ICD-9) 1.05 | 1.03-1.08 1.40 1.37-1.44 | 0.98 | 0.97-1.00
Dyslipidemia (ICD-9) 0.92 | 0.90-0.95 | 1.04 | 1.01-1.07 | 0.95 | 0.94-0.96
Service connected
disability (ref=none)
0-20% 1.04 | 1.01-1.07 0.85 0.82-0.88 | 0.96 | 0.95-0.98
30-60% 1.08 | 1.05-1.12 | 0.86 | 0.84-0.89 | 1.00 | 0.98-1.02
70-100% 1.25 1.20-1.29 1.11 1.07-1.14 | 1.08 | 1.05-1.10

Models also controlled for Charlson Comorbidity Index, smoking status, coronary artery
disease, COPD, osteoarthritis, mental health conditions (depression and psychoses),
distance from a patient’s zipcode to a facility offering MOVE, marital status, number of
primary care Visits per year, and years of care in the VA system. Other factors considered
for inclusion in analysis but omitted through AIC model selection included heart failure,
PTSD, alcohol abuse, and drug abuse. Models were adjusted for clustering by clinic, and
included propensity scores to adjust for likelihood of MOVE participation. Hazard ratios
reflect 1-unit change for continuous variables.
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Table 6.4. Incidence of diabetes complications and medication adjustment, further

adjusting for baseline HbAlc, among subsets with laboratory measurements

available

Eye Disease Renal Disease Medication
intensification
N=218,935 N=251,295 N=272,589
HR Cl HR Cl HR Cl
MOVE Participation | 0.85| 0.80-0.90 |0.94 | 0.90-0.98 | 0.88 | 0.86-0.91
Baseline HbAlc 1.16 | 1.15-1.17 |1.06 | 1.05-1.06 1.19 1.18-1.20
Baseline Systolic BP 101| 1.01-101 |1.01| 1.01-1.01 1.00 | 1.00-1.00

Models identical to Table 3, but including addition adjustment of HbA1lc, and restricted

to patients with available data for laboratory measures. Models also controlled for

Charlson Comorbidity Index, smoking status, coronary artery disease, COPD,

osteoarthritis, mental health conditions (depression and psychoses), distance from a

patient’s zipcode to a facility offering MOVE, marital status, number of primary care

visits per year, and years of care in the VA system. Other factors considered for inclusion

in analysis but omitted through AIC model selection included heart failure, PTSD,

alcohol abuse, and drug abuse. Models were adjusted for clustering by clinic, and

included propensity scores to adjust for likelihood of MOVE participation. Hazard ratios

reflect 1-unit change for continuous variables.
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Table 6.5. Incidence of diabetes complications and medication intensification, by

level of MOVE participation

Eye Disease Renal Disease Medication
intensification
N=332,571 N=373,643 N=400,170
HR Cl HR Cl HR Cl
MOVE Participation
Less Active 0.79 | 0.75-0.84 | 0.90 | 0.87-0.94 | 0.82 | 0.80-0.84
Intense & Sustained 0.85 | 0.78-0.93 | 0.84 | 0.76-0.92 | 0.70 | 0.66-0.74

Models identical to Table 3, but examining two levels of MOVE participation. Models

also controlled for Charlson Comorbidity Index, smoking status, coronary artery disease,

COPD, osteoarthritis, mental health conditions (depression and psychoses), distance from

a patient’s zipcode to a facility offering MOVE, marital status, number of primary care

visits per year, and years of care in the VA system. Other factors considered for inclusion

in analysis but omitted through AIC model selection included heart failure, PTSD,

alcohol abuse, and drug abuse. Models were adjusted for clustering by clinic, and

included propensity scores to adjust for likelihood of MOVE participation. Hazard ratios

reflect 1-unit change for continuous variables.
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Initiation of oral medication

Initiation of insulin

N=122,714 N=312,060
HR Cl HR Cl
MOVE Participation 0.78 0.75-0.82 0.96 0.93-0.99

Models also controlled for Charlson Comorbidity Index, smoking status, coronary artery

disease, COPD, osteoarthritis, mental health conditions (depression and psychoses),

distance from a patient’s zipcode to a facility offering MOVE, marital status, number of

primary care Visits per year, and years of care in the VA system. Other factors considered

for inclusion in analysis but omitted through AIC model selection included heart failure,

PTSD, alcohol abuse, and drug abuse. Models were adjusted for clustering by clinic, and

included propensity scores to adjust for likelihood of MOVE participation. Hazard ratios

reflect 1-unit change for continuous variables.



164

Chapter 7: Summary and Conclusions

Summary of Findings

Given the vast health and economic burden of obesity, diabetes, and
cardiovascular disease in the US, this dissertation examined a large-scale, healthcare
system-based lifestyle change program and its association with cardiometabolic health
outcomes. We observed that participation in MOVE! was associated with a lower
incidence of diabetes, a lower incidence of cardiovascular disease, and — among patients
with diabetes — improved diabetes management despite lower medication intensification.

We first examined the association of program participation with patterns of
weight loss and diabetes incidence. The most engaged participants, “intense and
sustained” participants, lost -2.8% of their body weight at 12 months, while less active
participants lost -0.7%, and eligible non-participants gained 0.2%. Among patients
without diabetes at baseline, there was a significant, dose-dependent inverse association
between participation in the VA’s MOVE! program and diabetes incidence , which
persisted after adjustment for demographic and clinical characteristics including baseline
age, BMI, comorbidities, and frequency and duration of contact with the VA health
system. Compared with lack of participation, intense and sustained participation was
associated with 33% lower diabetes incidence, and less active participation was
associated with 20% lower incidence. These observations are consistent with trials that
have shown weight loss and lower diabetes incidence with lifestyle change.(1-3) In

addition, our subgroup analyses suggested that while results were consistent across
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gender, race/ethnicity, and age categories, lifestyle change program participation may be
particularly beneficial for patients at higher risk of diabetes — those with higher BMI, and
those with higher RPG.

While there is considerable evidence supporting the potential for lifestyle change
programs to impact weight loss and diabetes incidence, (1, 4-5) few studies have
examined their potential to impact cardiovascular disease, and existing evidence is
mixed. (6-11) Given this knowledge gap, we next examined the association between
MOVE! participation and cardiovascular disease incidence among patients without
cardiovascular disease at baseline. Participation in MOVE! was associated with 17%
lower total CVD incidence, 19% lower CAD incidence, 13% lower CBD incidence, 11%
lower PVD incidence, and 22% lower HF incidence. Our findings were consistent with
clinical trials that have demonstrated improvements in cardiovascular risk factors among
lifestyle change program participants. However, our results contrasted with the findings
in the Look AHEAD study, which demonstrated substantial weight loss and improvement
of CVD risk factors, but did not demonstrate reduced CVD incidence.(12) However,
Look AHEAD was conducted entirely among participants with diabetes, and we observed
a more modest association between MOVE! participation and CVD incidence among
participants with diabetes than those without diabetes. In addition, it has been suggested
that the Look AHEAD findings may have been confounded by differential statin use and
weight loss in the controls.(12-13)

For our third aim, given the large and growing population of US adults with
diabetes, we examined whether MOVE! participation was associated with improved

diabetes management among patients with diabetes at baseline. We observed that



166

participation was associated with a 20% lower incidence of eye disease, 10% lower
incidence of renal disease, and lower HbA1c levels despite 19% lower medication
intensification. Our observations are consistent with other studies that have shown
reduced medication usage and other benefits among lifestyle change program participants
with diabetes.(14-15) These findings add to the limited body of work examining the
impact of lifestyle change on diabetes complications.(8)

Overall, this dissertation adds to the evidence supporting the health benefits of
participation in lifestyle change programs. Although the MOVE! program faces
challenges such as limited session attendance among participants, our inclusive definition
of participation (attending at least one session) was associated with measureable benefit
with regard to diabetes and cardiovascular disease incidence and diabetes management.
This dissertation offers insight into the potential impact of a large-scale, healthcare-based

lifestyle change program.

Limitations

One limitation of this dissertation is the potential for confounding, due to the
observational nature of the data. For these analyses, the ideal counterfactual would
compare MOVE! participants with similar persons who did not participate. This would
eliminate confounding due to the inherent differences involved in comparing participants
who, to some extent, are self-selecting, to non-participants. In observational studies,
confounding by indication occurs when prognostic factors influence treatment decisions.
For example, if referral to or participation in MOVE! is more likely among patients who

have been diagnosed with prediabetes or who have diabetes risk factors, then this
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increased diabetes risk among participants compared to non-participants may confound
the association between MOVE! and diabetes. Although it is impossible to rule out
confounding by unmeasured factors, we employed three main strategies to address
confounding by measured variables: (i) an extensive set of clinical inclusion/exclusion
criteria, and sensitivity analyses to evaluate the effects of these criteria; (ii) an extensive
set of control variables, including baseline comorbidities, demographic and clinical
characteristics, and factors such as glucose levels, smoking status, whether a patient was
taking medications with weight gain risk, and how frequently a patient interacted with the
VA health system, and (iii) chapters 5 and 6 employed a propensity score approach to

adjust for likelihood of participation in MOVEL!.

Another limitation of these analyses is the potential for misclassification. Some
veterans receive care outside of the VA, making it possible that some diagnoses,
procedures, and medications may not be reported within the VA health system. However,
our requirement for at least 3 years of consistent outpatient care at the VA assured
multiple opportunities for reporting diagnoses made outside the VA, and made it more
likely that the study population was receiving a substantial amount of their care from the
VA. An alternative approach would be to combine both VA and Medicare data, which is

an established approach,(16) but was beyond the scope of the current research.

In addition, these analyses did not examine mortality. This could lead to
misclassification (for example, if a fatal CVVD event was not coded with ICD-9 codes for
CVD, and was thus missed by our analyses). Mortality could lead to bias if risk of death
differed between participants and non-participants. However, our analyses did exclude

patients at the highest risk of death (as indicated by hospice care, malignant cancer, and
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other conditions considered exclusionary for MOVE! participation). In order to address
mortality more specifically, VA vital status data could be examined, but that was beyond

the scope of our study.

A further potential limitation of the study is the differential assignment of
baseline, in which baseline was assigned for non-participants as the first visit with a
recorded weight after 2005 (the first year of MOVE! rollout), and for participants as their
first MOVE! visit. This strategy allowed for control of baseline factors among
participants at the time of MOVE! participation (for example, exact age and weight at the
beginning of participation). In sensitivity analysis, results remained largely unchanged
after adjusting for baseline year. Adjusting for baseline year as a categorical variable
allowed for potential nonlinear effects of changes in patient care over time, such as shifts
in the use of rosiglitazone for diabetes. However, an alternative approach would be to
assign baseline as the first visit after 2005 among all patients, and examine associations
with MOVE! participation as a time-varying covariate. Such an approach would also
require accounting for covariates at the time of MOVE! participation via inclusion of
numerous time-varying covariates, and would become quite complex. Another alternative
approach would be to compare participants against ‘baseline-matched’ non-participants
by proportionally assigning non-participant baseline years in comparable ratios to the

baseline years of MOVE! participants.
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Strengths

A key strength of this study was our ability to leverage existing data from the VA
health system to evaluate the largest national implementation of a lifestyle change
program, for which there were no previous reports of impact on diabetes-related or
cardiovascular health outcomes. Integration of lifestyle interventions within the realm of
clinical care has been recommended for weight management and prevention or delay of
chronic diseases, yet real-world evidence has been lacking.(17-18) Another strength of
this study was our ability to examine health outcomes, including cardiovascular disease
and diabetes complications, given our large sample size and observation period of up to 8
years. Many studies of lifestyle change programs only examined associations with
changes in cardiovascular risk factors, and studies including macrovascular or

microvascular outcomes are relatively scarce. (6, 8-9, 11)

Implications

This dissertation addressed a knowledge gap by examining a healthcare-based
lifestyle change program that has been implemented on a national scale. Despite the
scope of the VA’s MOVE! program — implemented in over 100 healthcare facilities and
with over 400,000 participants — to our knowledge, no other national-level studies have
examined the potential impact of healthcare-based lifestyle change programs on

cardiometabolic health outcomes.

Investigating MOVE! offered a unique opportunity to examine what can be

achieved in a healthcare setting, in a program that was designed to be easily implemented
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with limited resources. When VA facilities were mandated to implement MOVE!, they
were provided with a “toolkit” of materials (curriculum, handouts, administrative
documents, etc), but there were no additional financial resources allocated to assist
facility implementation efforts. A study of best practices has indicated that facilities with
better weight loss outcomes used the standard MOVE! curriculum and a group delivery
format.(19) Other characteristics associated with better outcomes included high program
complexity and high staff involvement, an active physician champion, use of quality-
improvement strategies, and having sufficient class availability that a waiting list was not

required for veterans to enroll.(19)

Increasing the program’s reach and the number of sessions attended by
participants has been identified as an ongoing challenge of the MOVE! program,(20) as
greater weight loss has been observed among participants who engage more
extensively.(21-22) Our results are consistent with prior work highlighting the
importance of more extensive participation, as we observed greater weight loss among
“intense and sustained” participants over three years, as well as a dose-response effect
linking more intense participation to a greater reduction in diabetes and cardiovascular
disease incidence. The VA has also recognized the importance of enhancing
participation. In 2008, the VA amended their regulations to remove co-payments for
individual and group-based weight management counseling, with the direct intent of
increasing participation in MOVE!.(23) A subsequent study confirmed that
implementation of this policy was followed by a modest increase in MOVE!
participation. Interestingly, MOVE! participation increased by 2% among patients newly

exempt from the copayment, and by 12% among patients who were already eligible for
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free care.(24) In addition to the elimination of copayments, it is possible that the
increases observed were due to better promotion of the program and new implementation

of an obesity screening quality of care indicator.(24)

Limited participation may partially explain why weight loss and associations with
diabetes incidence were more modest than have been reported in other studies.(1-3) As
discussed in Chapter 4, on a per-session-attended basis, weight loss associated with
MOVE! was comparable to the amounts observed in community-based translations of the
DPP.(5) Unfortunately, effective strategies to increase the number of sessions attended
remain elusive. Some researchers have proposed implementing financial incentives for
participation,(24) and the VA has begun tracking percentage of “intense and sustained”
MOVE! participants as a quality of care indicator. In response to national policy, the
Atlanta VA Medical Center has restructured its enroliment procedures to encourage
participants to attend multiple sessions, and has observed an increase in the proportion of
patients meeting intense and sustained participation criteria.(25) However, the potential
impact of such national and local policies on participation remains unknown. In addition,
there may be many challenges to overcome if facilities attempt to increase the intensity of
patient involvement in MOVE!: one facility that has done so reported a variety of
hurdles, including allocating limited resources in a context of existing care backlogs,
conflicts in scheduling program sessions around space availability and staff duty
assignments, and communication difficulties due to staff turnover and trainee

involvement.(26)

In addition to facility-level difficulties in implementing more “intense and

sustained” participation, some questions remain regarding the benefit of this level of
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engagement. Although we observed a strong dose-response effect for diabetes incidence
across participation levels, only a slight dose-response effect was observed for
cardiovascular disease. One explanation for this observation may be that, compared to the
development of cardiovascular disease, the development of diabetes is more sensitive to
incremental changes in physical activity and diet. Indeed, even in the absence of weight
loss, changes in physical activity and dietary intake have been shown to increase insulin
sensitivity.(27-29) In addition, instruction in proper dietary intake has been associated

with improvement in HbAlc without change in weight.(30)

Despite uncertainties regarding optimal participation targets, it should be noted
that even the current level of MOVE! participation was associated with clinically
meaningful and statistically significant, if modest, reductions in weight, cardiometabolic
risk factors, diabetes and cardiovascular disease incidence, and improved diabetes
management. As compared to clinical and community-based lifestyle change trials, this
study is important because participants were not subjects who volunteered for a research
trial, but patients recommended by their primary care providers to engage in lifestyle
change. It has been suggested that, compared to clinical trials, healthcare system-based
translations of lifestyle change programs may need to be considerably less resource-
intensive (requiring less time and commitment from both participants and service
providers) in order to facilitate widespread implementation.(31-32)The amount of
participation observed, and associated modest weight loss and health outcomes, may be
indicative of achievable results in scaled-up programs. Patient compliance with lifestyle
change recommendations for the prevention and management of chronic diseases is

notoriously low,(33) and may be a challenge to the effectiveness of lifestyle change
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programs if they are broadly implemented as recommended by the Affordable Care
Act.(34) In addition, certain patient populations, such as those with diabetes, may face
additional barriers to weight loss.(8, 35-37). For example, patients with diabetes may
have greater difficulty achieving weight loss or maintenance due to the weight gain
associated with use of some antidiabetes medications and insulin, the risk of
hypoglycemia with weight loss, and the emotional effects of previous failed weight loss
attempts.(38-40) Such considerations would need to be addressed if lifestyle change

programs are to be broadly implemented.

In addition to further investigations of clinical benefit among target populations,
there is also a need for cost-effectiveness analysis of lifestyle change programs such as
MOVE!. Obesity, diabetes, and cardiovascular diseases are costly conditions, and
programs that reduce disease incidence or improve disease management may have
considerable cost implications. There is substantial interest in the cost effectiveness of
lifestyle change programs and disease management programs in numerous contexts,
including community-based interventions, health system-based programs, and workplace
wellness programs.(41-43) While the highly effective and intensive Diabetes Prevention
Program was cost-effective,(44) the potential cost effectiveness of the less intensive
MOVE! program remains unknown. Future research could examine the association
between MOVE! participation and VA outpatient, inpatient, and pharmacy costs in a
number of ways. For example, one could investigate whether the observed association
between MOVE! participation and lower incidence of diabetes complications and lower
medication intensification corresponds to lower costs among MOVE! participants with

diabetes compared to non-participants. As end-stage renal disease is one of the most
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costly chronic conditions among VA patients, even a slight reduction in incidence may
translate to considerable potential savings.(45) Information about the costs of the MOVE!
program, any potential cost savings associated with the program, and associated clinical
benefits could be useful both for VA evaluations of MOVE! and for other health systems

considering implementation of lifestyle change programs.

In addition to cost-effectiveness analyses, there are numerous additional avenues

for future research:

e There are some indications that lifestyle change programs may be less
effective among minorities. For example, one local investigation of the
MOVE! program found that African American participants lost less
weight than others.(21) Although our results demonstrated a significant
association between MOVE! participation and health outcomes across
racial/ethnic groups, a future study could specifically investigate
disparities in participation rates, weight loss, change in cardiometabolic

risk factors, and health outcomes.

e Although our analyses did not include patients over age 70, due to
MOVE! age targeting, future research could examine the effect of
differences in age on health outcomes. This is particularly important,
given that the DPP observed a strong effect of lifestyle change among

elderly participants.

e Since participation is a key challenge of the program, a qualitative

methods study could provide valuable insights that might support
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development of strategies to enhance initial participation rates as well as
to increase the intensity of engagement among participants. For example,
such a study could investigate barriers to participation among eligible non-
participants, as well as barriers to intense and sustained participation

among less active participants in the program.

Even among intense and sustained participants, we observed that a
substantial percentage (approximately 40%) did not lose more than 1%
body weight. A mixed methods study could investigate perceptions and
experiences among “responders” who lose weight in the program
compared to “nonresponders” who do not lose weight, as well as
programmatic aspects associated with greater weight loss. In addition,
future research could examine whether individual characteristics assessed
with the MOVE!23 intake questionnaire, or the revised and shortened
MOVE!11 questionnaire, could be used to identify likely responders vs.
non-responders. Such information could be very useful for quality

improvement efforts or program targeting.

A guantitative study could examine the impact of amount of weight lost on
incidence of diabetes, cardiovascular disease, and diabetes management.
In addition, the impact of reduction in weight on levels of glucose or

HbA1c could be evaluated.

The association between MOVE! participation and other weight-related

health conditions could also be examined, such as the incidence of sleep
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apnea and osteoarthritis. In addition, the association between MOVE!
participation and depression incidence, or use of antidepressant
medications among participants with baseline depression, could be
investigated. Lastly, the association between MOVE! participation and

mortality could be examined.

e While our analyses were adjusted for clustering at the facility level, future
research could explore facility-level variation in implementation and
MOVE! outcomes, including an examination of geographic variation in
implementation, variation in amount of weight lost by participants, and
impact of MOVE! on health outcomes in facilities with high average
weight loss (or high participation rates) compared to less effective

facilities.

The public health implications of this dissertation research and any future studies
about MOVE! are potentially far-reaching. Nearly three out of four veterans receiving
care in the VA are overweight or obese,(46) so an estimated 6 million veterans could
benefit from this research,(47) in addition to the many millions of patients in other

healthcare systems that could implement similar programs.

Summary

In summary, this dissertation addresses a gap in the literature by investigating a
large-scale, healthcare system-based lifestyle change program. The key findings indicate

that participation in MOVE! may offer broad health benefits; participation was associated
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with lower diabetes and cardiovascular disease incidence among patients without these
problems at baseline, and improved diabetes management among participants with
diabetes at baseline. As over 85% of Americans have health insurance, (48) healthcare
system-based implementation of lifestyle change programs may be an attractive
opportunity to scale up and achieve wider reach. With the increased emphasis on
prevention in the Affordable Care Act,(34) implementation of MOVE!-type lifestyle
change programs through such systems might be beneficial to improving the health of

people nationwide.



178

References

1. Diabetes Prevention Program Research Group. Reduction in the Incidence of
Type 2 Diabetes with Lifestyle Intervention or Metformin. N Eng J Med. 2002;346:393-
403.

2. Pan X-R, Li G-W, Hu Y-H, Wang J-X, Yang W-Y, An Z-X, et al. Effects of Diet
and Exercise in Preventing Niddm in People with Impaired Glucose Tolerance: The Da
Qing Igt and Diabetes Study. Diabetes Care. 1997;20(4):537-44.

3. Lindstrom J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriksson J, et al.
The Finnish Diabetes Prevention Study (Dps). Diabetes Care. 2003;26(12):3230-6.

4. Vojta D, Koehler TB, Longjohn M, Lever JA, Caputo NF. A Coordinated
National Model for Diabetes Prevention: Linking Health Systems to an Evidence-Based
Community Program. Am J Prev Med. 2013;44(4 Suppl 4):S301-6.

5. Ali MK, Echouffo-Tcheugui J, Williamson DF. How Effective Were Lifestyle
Interventions in Real-World Settings That Were Modeled on the Diabetes Prevention
Program? Health Affairs. 2012;31(1):67-75.

6. The Look AHEAD Research Group. Long-Term Effects of a Lifestyle
Intervention on Weight and Cardiovascular Risk Factors in Individuals with Type 2
Diabetes Mellitus: Four-Year Results of the Look Ahead Trial. Arch Intern Med.
2010;170(17):1566-75.

7. Ornish D, Scherwitz LW, Billings JH, Brown SE, Gould KL, Merritt TA, et al.
Intensive Lifestyle Changes for Reversal of Coronary Heart Disease. JAMA.
1998;280(23):2001-7.



179

8. Schellenberg ES, Dryden DM, Vandermeer B, Ha C, Korownyk C. Lifestyle
Interventions for Patients with and at Risk for Type 2 Diabetes: A Systematic Review and
Meta-Analysis. Ann Intern Med. 2013;159(8):543-51.

9. de Waure C, Lauret GJ, Ricciardi W, Ferket B, Teijink J, Spronk S, et al.
Lifestyle Interventions in Patients with Coronary Heart Disease: A Systematic Review.
Am J Prev Med. 2013;45(2):207-16.

10. Orchard TJ, Temprosa M, Barrett-Connor E, Fowler SE, Goldberg RB, Mather
KJ, et al. Long-Term Effects of the Diabetes Prevention Program Interventions on
Cardiovascular Risk Factors: A Report from the Dpp Outcomes Study. Diabet Med.
2013;30(1):46-55. PMCID: PMC3524372.

11. Look AHEAD Research Group. Cardiovascular Effects of Intensive Lifestyle
Intervention in Type 2 Diabetes. New England Journal of Medicine. 2013;369(2):145-54.

12.  Look AHEAD Research Group. Cardiovascular Effects of Intensive Lifestyle
Intervention in Type 2 Diabetes. 2013 [updated 2013; cited 0 0]; null]. Available from:
http://www.nejm.org/doi/full/10.1056/NEJM0a1212914.

13.  Gerstein HC. Do Lifestyle Changes Reduce Serious Outcomes in Diabetes? New
England Journal of Medicine. 2013;369(2):189-90.

14. Redmon JB, Bertoni AG, Connelly S, Feeney PA, Glasser SP, Glick H, et al.
Effect of the Look Ahead Study Intervention on Medication Use and Related Cost to
Treat Cardiovascular Disease Risk Factors in Individuals with Type 2 Diabetes. Diabetes
Care. 2010;33(6):1153-8.

15.  Wolf AM, Conaway MR, Crowther JQ, Hazen KY, J LN, Oneida B, et al.

Translating Lifestyle Intervention to Practice in Obese Patients with Type 2 Diabetes:


http://www.nejm.org/doi/full/10.1056/NEJMoa1212914

180

Improving Control with Activity and Nutrition (Ican) Study. Diabetes Care.
2004;27(7):1570-6.

16. Halanych JH, Wang F, Miller DR, Pogach LM, Lin H, Berlowitz DR, et al.
Racial/Ethnic Differences in Diabetes Care for Older Veterans: Accounting for Dual
Health System Use Changes Conclusions. Medical Care. 2006;44(5):439-45.

17. Narayan KMV, Echouffo-Tcheugui JB, Mohan V, Ali MK. Global Prevention
and Control of Type 2 Diabetes Will Require Paradigm Shifts in Policies within and
among Countries. Health Affairs. 2012;31(1):84-92.

18. Green LW, Brancati FL, Albright A, Group tPPoDW. Primary Prevention of Type
2 Diabetes: Integrative Public Health and Primary Care Opportunities, Challenges and
Strategies. Family Practice. 2012;29(suppl 1):i13-i23.

19. Kahwati LC, Lewis MA, Kane H, Williams PA, Nerz P, Jones KR, et al. Best
Practices in the Veterans Health Administration's Move! Weight Management Program.
Am J Prev Med. 2011;41(5):457-64.

20. Kahwati L, Lance T, Jones K, Kinsinger L. Re-Aim Evaluation of the Veterans

Health Administration’s Move! Weight Management Program. Behav Med Pract Policy
Res. 2011;1(4):551-60.

21.  Taft TH, Payvar S, Wool L. Effectiveness of the Move! Program among African
American Veterans: Weight Loss and Quality of Life. Federal Practitioner.
2011;28(12):17-8,20-4.

22. Kahwati LC. Move! Program Evaluation Update. 2011 [updated 2011; cited 2013
May 29]; Available from:



181

http://www.prevention.va.qgov/HealthPower Prevention News Summer 2011 MOVE

Program Evaluation Update.asp.

23. Department of Veterans Affairs. Elimination of Co-Payment for Weight
Management Counseling. Direct Final Rule. Fed Regist. 2008;73(74):20530-2.

24, Maciejewski ML, Yancy WS, Jr., Olsen M, Weidenbacher HJ, Abbott D,
Weinberger M, et al. Demand for Weight Loss Counseling after Copayment Elimination.
Prev Chronic Dis. 2013;10:E49. PMCID: 3617989.

25.  Jatun Neal (Atlanta VAMC MOVE Program Coordinator). Personal
Communication. 2013.

26. Rosenberger PH, Ruser C, Kashaf S. Move! Multidisciplinary Programs:
Challenges and Resources for Weight Management Treatment in Vha. Transl Behav
Med. 2011;1(4):629-34. PMCID: PMC3717680.

27.  Malin SK, Gerber R, Chipkin SR, Braun B. Independent and Combined Effects of
Exercise Training and Metformin on Insulin Sensitivity in Individuals with Prediabetes.
Diabetes Care. 2012;35(1):131-6. PMCID: PMC3241331.

28. Duncan GE, Perri MG, Theriaque DW, Hutson AD, Eckel RH, Stacpoole PW.
Exercise Training, without Weight Loss, Increases Insulin Sensitivity and Postheparin
Plasma Lipase Activity in Previously Sedentary Adults. Diabetes Care. 2003;26(3):557-
62.

29.  Gadgil MD, Appel LJ, Yeung E, Anderson CA, Sacks FM, Miller ER, 3rd. The
Effects of Carbohydrate, Unsaturated Fat, and Protein Intake on Measures of Insulin
Sensitivity: Results from the Omniheart Trial. Diabetes Care. 2013;36(5):1132-7.
PMCID: PMC3631872.


http://www.prevention.va.gov/HealthPower_Prevention_News_Summer_2011_MOVE_Program_Evaluation_Update.asp
http://www.prevention.va.gov/HealthPower_Prevention_News_Summer_2011_MOVE_Program_Evaluation_Update.asp

182

30.  Ziemer DC, Goldschmid MG, Musey VC, Domin WS, Thule PM, Gallina DL, et
al. Diabetes in Urban African Americans. lii. Management of Type li Diabetes in a
Municipal Hospital Setting. Am J Med. 1996;101(1):25-33.

31.  Glasgow RE. Translating Research to Practice: Lessons Learned, Areas for
Improvement, and Future Directions. Diabetes Care. 2003;26(8):2451-6.

32.  Glasgow RE, Lichtenstein E, Marcus AC. Why Don't We See More Translation
of Health Promotion Research to Practice? Rethinking the Efficacy-to-Effectiveness
Transition. Am J Public Health. 2003;93(8):1261-7. PMCID: 1447950.

33.  Zuckoff A. “Why Won't My Patients Do What's Good for Them?”” Motivational
Interviewing and Treatment Adherence. Surgery for Obesity and Related Diseases.
2012;8(5):514-21.

34.  Koh HK, Sebelius KG. Promoting Prevention through the Affordable Care Act.
New England Journal of Medicine. 2010;363(14):1296-9.

35.  Wing RR, Marcus MD, Epstein LH, Salata R. Type li Diabetic Subjects Lose
Less Weight Than Their Overweight Nondiabetic Spouses. Diabetes Care.
1987;10(5):563-6.

36.  Guare JC, Wing RR, Grant A. Comparison of Obese Niddm and Nondiabetic
Women: Short- and Long-Term Weight Loss. Obesity research. 1995;3(4):329-35.

37. Yannakoulia M. Eating Behavior among Type 2 Diabetic Patients: A Poorly
Recognized Aspect in a Poorly Controlled Disease. Rev Diabet Stud. 2006;3(1):11-6.
PMCID: 1783576.



183

38. Makimattila S, Nikkila K, Yki-Jarvinen H. Causes of Weight Gain During Insulin
Therapy with and without Metformin in Patients with Type li Diabetes Mellitus.
Diabetologia. 1999;42(4):406-12.

39.  Pi-Sunyer FX. Weight Loss in Type 2 Diabetic Patients. Diabetes Care.
2005;28(6):1526-7.

40.  Ahren B. Avoiding Hypoglycemia: A Key to Success for Glucose-Lowering
Therapy in Type 2 Diabetes. Vascular health and risk management. 2013;9:155-63.
PMCID: PMC3639216.

41.  Anderson JM. Achievable Cost Saving and Cost-Effective Thresholds for
Diabetes Prevention Lifestyle Interventions in People Aged 65 Years and Older: A
Single-Payer Perspective. J Acad Nutr Diet. 2012;112(11):1747-54.

42.  Jacobs-van der Bruggen MAM, Bos G, Bemelmans WJ, Hoogenveen RT, Vijgen
SM, Baan CA. Lifestyle Interventions Are Cost-Effective in People with Different Levels
of Diabetes Risk: Results from a Modeling Study. Diabetes Care. 2007;30(1):128-34.

43.  Caloyeras JP, Liu H, Exum E, Broderick M, Mattke S. Managing Manifest
Diseases, but Not Health Risks, Saved Pepsico Money over Seven Years. Health Affairs.
2014;33(1):124-31.

44.  The Diabetes Prevention Program Research Group. The 10-Year Cost-
Effectiveness of Lifestyle Intervention or Metformin for Diabetes Prevention: An Intent-
to-Treat Analysis of the Dpp/Dppos. Diabetes Care. 2012;35(4):723-30.

45.  YuW, Ravelo A, Wagner TH, Phibbs CS, Bhandari A, Chen S, et al. Prevalence
and Costs of Chronic Conditions in the Va Health Care System. Medical Care Research
and Review. 2003;60(3 suppl):146S-67S.



184

46. Nelson KM. The Burden of Obesity among a National Probability Sample of
Veterans. J Gen Intern Med. 2006;21(9):915-9.

47. National Center for Veterans Analysis and Statistics. Selected Veterans Health
Administration Characteristics: Fy2003 to Fy2010 2010 [updated 2010; cited 2012];

Available from: http://www.va.qgov/vetdata/Quick Facts.asp.

48. DeNavas-Walt C, Proctor BD, Smith JC. Income, Poverty, and Health Insurance
Coverage in the United States: 2012,. Washington, DC: U.S. Government Printing
Office,; 2013.


http://www.va.gov/vetdata/Quick_Facts.asp

