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Study Objective: To investigate the influence of sleep disordered breathing (SDB) on weight loss in overweight/obese veterans enrolled in MOVE!, a
nationally implemented behavioral weight management program delivered by the National Veterans Health Administration health system.

Methods: This observational study evaluated weight loss by SDB status in overweight/obese veterans enrolled in MOVE! from May 2008-February 2012
who had at least two MOVE! visits, baseline weight, and at least one follow-up weight (n = 84,770). SDB was defined by International Classification of
Diseases, Ninth Revision, Clinical Modification codes. Primary outcome was weight change (Ib) from MOVE! enroliment to 6- and 12-mo assessments.

Weight change over time was modeled with repeated-measures analyses.

Results: SDB was diagnosed in one-third of the cohort (n = 28,269). At baseline, veterans with SDB weighed 29 [48] Ib more than those without SDB

(P <0.001). On average, veterans attended eight MOVE! visits. Weight loss patterns over time were statistically different between veterans with and without
SDB (P < 0.001); veterans with SDB lost less weight (-2.5 [0.1] Ib) compared to those without SDB (-3.3 [0.1] Ib; P = 0.001) at 6 months. At 12 mo, veterans
with SDB continued to lose weight whereas veterans without SDB started to re-gain weight.

Conclusions: Veterans with sleep disordered breathing (SDB) had significantly less weight loss over time than veterans without SDB. SDB should be
considered in the development and implementation of weight loss programs due to its high prevalence and negative effect on health.
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Significance

Overall, the effect of SDB on weight loss appears to be smaller than the effect of weight loss on SDB severity. From a clinical perspective, targeting
weight loss among individuals with SDB should continue to be a top priority to slow the progression of SDB as well as the severity of SDB symptoms.
Our findings also highlight the need for more effective weight loss programs among overweight and obese veterans because weight loss of at least 10 kg
or 10% of body weight is currently recommended to achieve significant improvements in SDB symptoms.

INTRODUCTION

Obesity is a known risk factor for sleep disordered breathing
(SDB), a condition that includes obstructive and central sleep
apnea (SA) and upper airway resistance syndrome.? SDB
is associated with impairments in daytime functioning, in-
cluding sleepiness, motor vehicle accidents, psychosocial prob-
lems, decreased cognitive function, and reductions in quality
of life.* With SDB, medical comorbidities (e.g., diabetes, hy-
pertension, cardiovascular disease, stroke, heart failure, and
obesity) are common.'

The burden of obesity is substantial in the Veterans Health
Administration (VHA) with an estimated 78% of veterans being
overweight (37%) and obese (41%).* In one study, nearly half of
outpatient veterans self-reported risk factors for SA.> Another
study found that the odds of receiving a diagnosis of obstruc-
tive SA exceeded the odds of a diagnosis of diabetes, hyperten-
sion, hyperlipidemia, or psychiatric conditions in obese veterans
treated in primary care.® Similar to patterns seen in the general
population, medical comorbidities have also been shown to be
significantly greater in veterans with SA than veterans without
SA7# Behavioral weight loss is one treatment option for SDB
that can reduce the apnea-hypopnea index and snoring while
improving sleep efficiency, oxygenation,"*!° and cardiometa-
bolic outcomes.'*'> However, few studies to date have assessed
whether SDB" or continuous positive airway pressure (CPAP)
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treatment™ influences weight loss among overweight and obese
adults. The high rate of SDB among veterans’ provides an im-
portant opportunity to investigate the effects of SDB on weight
loss within a nationally implemented behavioral weight man-
agement program (MOVE!). Hence, we conducted an evaluation
of MOVE! to investigate the influence of SDB on weight loss.
Previously, observational and experimental studies have
suggested that sleep disturbances may increase the risk of
obesity and associated cardiometabolic diseases'>™” due to al-
tered glucose metabolism, appetite dysregulation'® resulting
in excess food intake,'® and decreased energy expenditure.”
Conversely, optimal levels of both sleep quality and quantity
may increase the likelihood of weight loss success” while
minimizing the theorized pathways leading from sleep loss
to cardiometabolic risks.'* Because adults with SDB would
be expected to have more sleep disturbances and poorer sleep
quality than adults without SDB, we hypothesized that over-
weight and obese MOVE! participants with a SDB diagnosis
would lose less weight over time than those without SDB.

METHODS
Setting and Study Population

As previously described, MOVE! is a behavioral weight man-
agement program available at all VHA facilities.”** This
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preventive medicine program aims to promote weight loss
through lifestyle interventions of diet and physical activity and
is delivered primarily through group modalities. Although na-
tional guidelines and standard curricula are available to each
VHA facility, the implementation of MOVE! varies among
facilities. Eligibility for MOVE! includes individuals seeking
medical care within the VHA; age between 18 and 69 y; have
a measured body mass index (BMI) > 30 kg/m? or 25.0 to
29.9 kg/m? with at least one obesity-related comorbidity (e.g.,
diabetes, hypertension, hypercholesterolemia/dyslipidemia,
obstructive SA, degenerative joint disease, or metabolic syn-
drome) or elevated waist circumference (> 40 inches for men
or > 35 inches for women); and have no contraindications to
weight loss® such as pregnancy or terminal/acute illness. Be-
cause a very small percentage of the MOVE! participants are
not veterans (< 1%), the term ‘veteran’ is used in this report to
refer to all individuals who receive care at the VHA. National
patient care databases from the VHA were used to identify
veterans enrolled in MOVE! between May 5, 2008 and Feb-
ruary 29, 2012 (n = 285,784). This specific MOVE! evaluation
was exempted from institutional review board review as part of
quality improvement work requested by VHA policy leaders.

Outcomes

Body weight was measured as part of ongoing clinical care
within the VHA. Baseline, 6- and 12-mo body weight mea-
sures were retrieved for each MOVE! veteran from the VHA
patient care databases. Baseline weight was measured within
30 d of MOVE! enrollment. The closest weight within a 60-d
window of the follow-up target date (180 d for 6 mo and 365
d for 12 mo) was selected/defined as weight for 6- and 12-mo
follow-ups.”® Weight was coded missing if not available at
baseline, 6 mo, and/or 12 mo. Outliers were defined as base-
line weight less than 91 1b or greater than 600 Ib; 6- or 12-mo
weight less than 72 1b or greater than 650 Ib; weight change
from baseline greater than 100 Ib; baseline BMI less than 18.5
kg/m? or greater than 87.9 kg/m?; 6- or 12-mo BMI less than
15 kg/m? or greater than 90.4 kg/m?; and absolute BMI change
from baseline greater than 15 kg/m?.

The primary outcome was weight change at 6 mo and 12 mo
from baseline weight. A secondary outcome was clinically sig-
nificant weight loss defined as > 5% weight loss from baseline
(1 = yes, 0 = no). Weight gain at 6 mo and 12 mo was defined
as yes (weight at 12 mo > weight at baseline) or no (weight at
12 mo < weight at baseline).

Independent Variables

SDB was defined by International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic
codes (327.2 [organic sleep apnea], 780.51 [insomnia with sleep
apnea], 780.53 [hypersomnia with sleep apnea], 780.57 [un-
specified sleep apnea], 786.03 [apnea]) using VHA administra-
tive databases from 2002 through 2012. MOVE! participants
were classified into either SDB or non-SDB groups depending
on whether or not they had been diagnosed with SDB prior to
MOVE! enrollment or within the first 3 mo of MOVE! enroll-
ment. However, veterans who did not have a SDB diagnosis
but who had other sleep disorder diagnoses were excluded
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(insomnia, sleep related movement disorder, and sleep depri-
vation [ICD-9-CM codes: 291.82, 292.85, 307.4, 327 excluding
327.2, 780.50, 780.52, 780.54, 780.55, 780.56, 780.58, 780.59,
V694]) during the first 3 mo of MOVE! enrollment or the year
prior to MOVE! enrollment from the analyses. This exclusion
was done in order to isolate the effects of SDB on weight loss;
including those with other sleep disorders might have biased
results toward the null hypothesis, because of the effect of non-
SDB sleep disturbances on weight.!**

Demographic covariates included age, sex, race (White,
Black, or Other/Missing), VHA facility (medical center or
community-based outpatient clinics), marital status (mar-
ried or single), and service connection disability (< 50%
and > 50%). Service connection disability refers to whether
a veteran is disabled because of injuries or diseases incurred
during military service and receives a monthly compensa-
tion for the disability.>>?¢ The scale for the service connection
ranges from 0% to 100% (in increments of 10%) with greater
disability and compensation for those with 100% service con-
nection disability.?

Statistical Analyses

t-tests and chi-square tests were used to compare the baseline
continuous and categorical characteristics, respectively, by
SDB status. Repeated-measures analyses were used to model
weight changes at 6 mo and 12 mo as the primary outcome; and
SDB, time of weight assessment (months), and the interaction
between SDB and months as predictors. The likelihood ratio
test determined that the unstructured covariance fit the data
better than compound symmetry or autoregressive covariance
structures for the models. All the repeated-measures models
were fitted with unstructured covariance. First, a parsimonious
model (Model 1) was fitted adjusting for age, sex, baseline
weight, race, and facility. Next, marital status, service con-
nection, and number of MOVE! visits (time-varying covariate)
were added (Model 2). Both age and baseline weights were
centered around their means. Age was modeled as a quadratic
term. Predicted weight changes over time were graphed using
the average marginal effects.

Secondary analyses examined clinically significant weight
loss at 6 mo and 12 mo (> 5% weight loss from baseline), sepa-
rately. Statistical tests for clinically significant weight loss at 6
mo and 12 mo included chi-square tests with SDB status, and
logistic regression models with the aforementioned indepen-
dent variables for Model 1 and Model 2. Statistical analyses
were performed using SAS (version 9.3, SAS Institute, Tri-
angle Park, NC, USA).

RESULTS

Among the veterans enrolled in MOVE! (n = 285,784), the
study sample for this report excluded veterans with fewer
than two MOVE! visits (n = 129,715), age younger than 17 y
or older than 69 y (n = 13,535), and baseline BMI < 25 kg/m?
for those with baseline BMI values (n = 1,247). Veterans were
also excluded if they never received a diagnosis of SDB but
other sleep disorders had been diagnosed (n = 7,464). After
all of the aforementioned exclusions, a total of 133,823 vet-
erans remained in the sample. Approximately one-third of
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the veterans from the study sample were excluded for missing
baseline weight or baseline BMI (n = 45,650) or no weight at
6- or 12-mo assessments (n = 3,096). Finally, 307 veterans
were excluded for outliers in weight, BMI, or change scores
(weight > 100 Ib (n = 225); BMI < 15 kg/m? (n = 25). The final
analytical sample consisted of 84,770 veterans.

The majority of the cohort consisted of older (60—69 y),
white, obese males who received health care at VHA medical
centers (Table 1). Overall, veterans averaged 2.7 medical co-
morbidities, with the most frequent diagnoses being hyperten-
sion (66%), dyslipidemia (61%), and diabetes (38%). In addition,
43% of the cohort had at least one mental health disorder.

One-third of the cohort had a diagnosis of SDB. Clinically
and statistically significant differences were observed among
veterans with and without SDB for the majority of demographic
and health characteristics (Table 1). Veterans with SDB were
more likely to be male and to have a greater number of medical
comorbidities and any mental health disorder (P < 0.001). Of
those with a diagnosis of SDB, other sleep disorders in addi-
tion to the SDB diagnosis were diagnosed in 18%. At baseline,
veterans with SDB weighed 29 (48) Ib more than those without
SDB. Class III obesity (BMI > 40 kg/m?) was observed in
twice as many veterans with SDB (36%) versus those without
SDB (16%). No clinically or statistically significant differences
in SDB were observed for veterans who served or did not serve
in the Operation Enduring Freedom/Operation Iraqi Freedom
(OEF/OIF) campaigns. OEF/OIF veterans were younger (39.8
[10.2] y) and less obese (BMI = 34.5 [4.9]) than veterans who
did not serve in OEF/OIF campaigns (57.5 [8.8] y, P < 0.0001;
BMI =36.1[6.5], P <0.0001).

On average, veterans attended eight MOVE! visits during
the 12 mo including and following MOVE! enrollment (Table 2).
Weight assessments were obtained for 66% (n = 55,960), 22%
(n=18,975), and 12% (n = 9,835) of the veterans at both 6 and
12 mo, 6 mo only, and 12-mo-only assessments, respectively.
Weight loss patterns over time were statistically different be-
tween veterans with and without SDB (P < 0.001; Model 1,
Figure 1). At 6 mo, predicted weight loss was significantly less
for veterans with SDB (2.5 [0.1] Ib) compared to veterans
without SDB (3.3 [0.1] 1b; P = 0.001). From 6 to 12 mo, pre-
dicted weight change was —0.1 (0.08) and 0.3 (0.06) Ib for vet-
erans with and without SDB, respectively. Overall, predicted
12-mo weight loss from baseline was —2.6 (0.1) 1b for veterans
with SDB and —3.0 (0.1) Ib for veterans without SDB. Absolute
difference in weight loss between veterans with and without
SDB was 0.8 1b at 6 mo and 0.4 1b at 12 mo (predicted weight
loss for veterans without SDB minus predicted weight loss for
veterans with SDB). Relative difference in weight loss was 32%
at 6 mo ([3.3 —2.5]/2.5) and 15% at 12 mo ([3.0 — 2.6] / 2.6)
between veterans with and without SDB. Adjusting for addi-
tional confounders (Model 2) did not significantly change the
magnitude (B estimates) or the strength (P values) of the as-
sociation between SDB and weight change.

Fewer veterans with SDB (16%) achieved clinically signifi-
cant weight loss at 6 mo compared to those without SDB (17%)
based on chi-square analyses (P = 0.004) and logistic regres-
sion models adjusting for confounders (P = 0.0003; data not
shown). At 12 mo, an additional 4% and 2% achieved clinically
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significant weight loss among veterans with (20%) and without
SDB (19%), respectively (P = 0.07). A greater percentage of
veterans with SDB achieved clinically significant weight loss
at 12 mo compared to veterans without SDB adjusting for po-
tential confounders in the logistic regression models (P = 0.04;
data not shown).

DISCUSSION

In this novel study, MOVE! participants with SDB lost statis-
tically significantly less weight than those without SDB, al-
though the difference was small (< 1 1b). For both groups, the
absolute weight loss (2-3 1b) was modest. At the clinical level,
this modest weight loss may be particularly problematic be-
cause veterans with a diagnosis of SDB weighed an average
of 29 Ib more and experienced greater medical comorbidity
than veterans without SDB at MOVE! enrollment. Findings
from several randomized controlled trials suggest that 10—
16% weight loss can reduce apnea-hypopnea index scores by
20-50%, resulting in a reduction of SDB symptoms and car-
diovascular consequences.”'*'* Hence, these findings suggest
that enhancements to MOVE! programming may be needed
to attain greater weight loss not only for the optimal treatment
of SDB but also to alleviate SDB symptoms and to deter the
progression of SDB."?

A majority of the MOVE! participants (55% with SDB and
56% without SDB [P = 0.04]) did not gain weight from baseline
to 12 mo. MOVE! participation was not associated with pro-
gressive weight gain (1.1 to 2.2 lIb/y among US adults? or 4.4
Ib for the year prior to MOVE! enrollment for veterans®) that
is usually observed with aging and resulting in medical com-
plications. Even the modest weight loss of 2—3 1b observed in
this study may positively affect population health by slowing
the progression of weight-related conditions including SDB
and its associated medical comorbidities and impairments. Our
findings also raise the possibility that concurrent treatment
of SDB may optimize weight loss outcomes among affected
participants.

Few veterans (20% with and 19% without SDB at 12 mo)
achieved clinically meaningful weight loss in MOVE!. Con-
tinued quality improvements of the current MOVE! program
are recommended to achieve and maintain the recommended
weight loss of 10% or more to reduce SDB symptoms and deter
the progression of SDB."? Screening, diagnosis and treatment
of SDB for all veterans at MOVE! enrollment may be an ef-
ficient and cost-effective method to enhance weight loss and
slow the progression of SDB and subsequent cardiovascular
and cardiometabolic disorders among overweight and obese
veterans. Sleep improvement due to weight loss may motivate
veterans to maintain their weight loss and prevent weight re-
gain. Ongoing evaluation of weight loss and SDB symptoms
among MOVE! participants may aid in the development of
more effective behavioral interventions for SDB and obesity in
this vulnerable population.

The evidence is mounting that SDB is on one or more path-
ways in the development of diabetes® and cardiovascular dis-
ease.! Unlike treatment of SDB with conventional methods
such as CPAP machines, weight loss has the additional benefit
of reducing the risk of diabetes and cardiovascular disease in
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Table 1—Demographics and health characteristics of MOVE! cohort.
All MOVE! Veterans? (n = 84,770)

Age, y, mean (SD)
Age

<50y

50-59y

60-69y
Baseline weight, Ib, mean (SD)
BMI, kg/m?, mean (SD)
BMI categories

25-29.9 (overweight)

30-39.9 (obese)

> 40 (class Il obesity)
Sex (missing = 44)

Male

Female

Race
White
Black
Other/missing

Marital status (missing = 122)
Married
Single, divorced, widowed, or separated

OEF/OIF Service
Yes

Service connection disability
<50%
>50%

MOVE! facility (missing = 379)
Community based outpatient clinics
VHA medical centers

Medical risk factors
Diabetes®
Hypertension®
Dyslipidemia®
Coronary heart diseasef
Osteoarthritis?
Cholelithiasis"
Congestive heart failure!
Back paini
GERD*

Behavioral risk factors
Alcohol use'

Nicotine use™

Supn

PTSD®

Any mental health disorder?

56.7 (9.6)

18,253 (215
25,131 (29.7
41,386 (48.8
(
(6.

===

246.4 (50.0

36.0 (6.4)

13,152 (15.5)
52,297 (61.7)
19,321 (22.8)

73,644 (86.9)
11,082 (13.1)

52,956 (62.5)
17,074 (20.1)
14,740 (17.4)

45,275 (53.5)
39,373 (46.5)

3,975 (4.7)

51,542 (60.8)
33,228 (39.2)

28,276 (33.5)
56,115 (66.5)

32,284 (38.1)
56,129 (66.2)
51,632 (60.9)
18,614 (21.9)
19,306 (22.8)
610(0.7)
4,357 (5.1)
28,904 (34.1)
17,662 (20.8)

8,265 (9.8)
13,497 (15.9)
6,226 (7.3)
17,261 (20.4)
36,484 (43.0)

SDB® (n = 28,269)
56.9 (8.9)

5,898 (20.9)
8,700 (30.8)
13,671 (48.4)
265.9 (53.8)
(6.

38.6 (6.9)

2,158 (7.6)
15,887 (56.2)
10,224 (36.2)

25,932 (91.8)
2,321(8.2)

18,113 (64.1)
5,193 (18.4)
4,963 (17.5)

16,667 (59.0)
11,578 (41.0)

1318 (4.7)

14,468 (51.2)
13,801 (48.8)

8,746 (31.1)
19,399 (68.9)

12,973 (45.9)
20,673 (73.1)
18,594 (65.8)
7,807 (27.6)
7,915 (28.0)

233(0.8)
2,455 (8.7)
11,405 (40.3)
7,236 (25.6)

No SDB (n = 56,501) P value
56.6 (9.9) <0.0001
<0.0001

12,355 (21.9)

16,431 (29.1)

27,715 (49.0)
236.6 (44.9) <0.0001
34.8(5.7) <0.0001
<0.0001

10,994 (19.5)

36,410 (64.4)

9,097 (16.1)
<0.0001

47,712 (84.5)
8,761 (15.5) <0.0001
<0.0001

34,843 (61.7)
11,881 (21.0)

9,777 (17.3) <0.0001
<0.0001
28,608 (50.7)
27,795 (49.3)
0.79
2,657 (4.7)
<0.0001
37,074 (65.6)
19,427 (34.4)
<0.0001
19,530 (34.7))
36,716 (65.3)
19,311 (34.2) <0.0001
35,456 (62.8) <0.0001
33,038 (58.5) <0.0001
10,807 (19.1) <0.0001
11,391 (20.2) <0.0001
377(0.7) 0.01
1,902 (3.4) <0.0001
17,499 (30.9) <0.0001
10,426 (18.5) <0.0001
5,647 (9.9) 0.0007
9,064 (16.0) 0.17
4341(1.7) <0.0001
9,838 (17.4) <0.0001
21,962 (38.9) <0.0001

Values are presented as n (%) unless otherwise indicated. @ Outliers were identified for weight (< 91 Ib or > 600 Ib), BMI (< 18.5 kg/m?, > 87.9 kg/m? for baseline or < 15.0
kg/m?, > 90.4 kg/m? for 6 or 12 mo), and weight loss and gain (> 100 at 6 or 12 mo) and excluded from the analytical sample (n = 322). ®ICD9-CM codes for Sleep disordered
Breathing = 327.2, 780.51, 780.53, 780.57, 786.03 during the first 3 mo of MOVE! enrollment or prior to MOVE! enroliment. ¢ICD-9-CM codes for diabetes = 250, 3572,
3620, 36641 for the year prior to MOVE! enroliment. ¢ICD-9-CM codes for hypertension = 401,403,404,405 for the year prior to MOVE! enroliment. ¢ ICD-9-CM code for
dyslipidemia = 272 for the year prior to MOVE! enrollment. {ICD-9-CM codes for coronary heart disease = 410, 411, 412, 413, 414, 4292, 42979, 44021, 4409, 4432, 4438, 4439,
78650 for the year prior to MOVE! enrollment. ¢1CD-9-CM code for osteoarthritis = 715 for the year prior to MOVE! enroliment. "ICD-9-CM codes for cholelithiasis = 574 for the
year prior to MOVE! enrollment. 'ICD-9-CM codes for congestive heart failure = 402, 4040, 41919, 4254, 428, 4291, 4294, 9971 for the year prior to MOVE! enrollment. /ICD-
9-CM codes for back pain = 7200-7249, 846, 847 for the year prior to MOVE! enrollment. *ICD-9-CM codes for GERD = 53011, 53081, 5302, 7871 for the year prior to MOVE!
enrollment. 'ICD-9-CM codes for alcohol use = 303, 303.0, 303.9, 305.0 for the year prior to MOVE! enroliment. " ICD-9-CM codes for nicotine use = 305.1, 989.84, 649.0 for the
year prior to MOVE! enrollment. "ICD-9-CM codes for substance use disorder = 305.2 to 305.9, 304.0-304.9, 304.0-304.9 for the year prior to MOVE! enrollment. °ICD-9-CM
code PTSD = 309.81 for the year prior to MOVE! enrollment. PICD-9-CM codes for any mental health disorder = 290-298, 300.0, 300.1, 300.3, 301, 300.2, 300.4-300.9, 306
to < 307.3, 307.5-308.9, 309.0 to 309.9 excluding 309.81, 311, 312, 314 to < 320, 648.44, 648.43, 648.41, V409. GERD, gastroesophageal reflux disorder; OEF/OIF, Operation
Enduring Freedom/Operation Iragi Freedom; PTSD, posttraumatic stress disorder; SDB, sleep disordered breathing; SD, standard deviation; SUD, substance use disorder.
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Table 2—Unadjusted weight changes by sleep disordered breathing status among the MOVE! cohort.
All MOVE! Participants SDB No SDB P value
MOVE! visits n=284,770 n = 28,269 n =56,501
Total 7.7(8.2) 7.9(8.1) 75(8.2) <0.0001
Baseline to 6 mo 6.2(5.2) 6.4 (5.2) 6.1(52) <0.0001
6to 12 mo 15 (4.1) 16 (4.0) 14(4.1) <0.0001
Weight, Ib
Baseline 246.4 (50.0) 265.9 (53.8) 236.6 (44.9) <0.0001
n=84,770 n = 28,269 n = 56,501
6 mo 243.8 (50.5) 263.0 (54.1) 233.7 (45.3) <0.0001
n=74,935 n = 25,831 n =49,104
12mo 244.1 (50.7) 263.2 (54.5) 234.1 (45.4) <0.0001
n = 65,795 n = 22,606 n=43,189
Weight change from baseline, Ib
6 mo -3.1(12.2) -3.2(13.1) -3.1(11.7) 0.39
n=74,935 n = 25,831 n =49,104
12mo 2.7 (15.3) -3.1(16.9) 2.6 (14.4) 0.0001
n = 65,795 n = 22,606 n=43,189
Clinically significant weight loss (> 5%)
6 mo, n (%) 12,616 (16.8%) 4,207 (16.3%) 8,409 (17.1%) 0.003
n=74,935 n = 25,831 n=49,104
12 month, n (%) 12,905 (19.6%) 4,523 (20.0%) 8,382 (19.4%) 0.06
n=65,795 n = 22,606 n=43,189
Weight gain from baseline (> 0 Ib)
6 mo, n (%) 29,925 (39.9%) 10,609 (41.1%) 19,316 (39.3%) <0.0001
n=74,935 n = 25,831 n=49,104
12mo, n (%) 29,321 (44.6%) 10,198 (45.1%) 19,123 (44.3%) 0.04
n =65,795 n = 22,606 n=43189

Values are presented as mean (SD) unless otherwise indicated. SDB, sleep disordered breathing; SD, standard deviation.
this high-risk population. A recent study demonstrated greater
improvements in cardiovascular risk factors (insulin resistance 1
and serum triglycerides levels) among those randomly assigned 2. |
to a weight loss intervention alone compared to those assigned g
to CPAP alone or CPAP combined with weight loss interven- -
tions.” Weight loss may become the first line of defense and £
preferred treatment for SDB because it reduces cardiovascular Zq
risks and avoids the low adherence and high patient burden of 3 T

© 1
CPAP use. %! 2 4 S
Poor sleep quality may exacerbate mental health symptoms, B

accelerate the onset of cardiometabolic disturbances, and un- ¥, : .
dermine compliance with medical treatments.*? In the current 0 Vet 12
study, baseline characteristics of veterans with SDB revealed | [ No Sleep disordered Breathing
a medically complex patient population. Similar to studies Sleep disordered Breathing
from the general US population, veterans with SDB were more . . . . _
likely to be male and seriously obese. Medical comorbidities Flgure 1—Predicted w§|ght changes (Ib) and ‘95% confidence interval
and service connection disability were consistently greater in using the average marginal effects from baseline among MOVE! study

. . participants by sleep disordered breathing status (SDB). (Based on
veterans with SDB compared to those without SDB. Over half . )

f th ith SDB had at | bid 1 repeated measures analyses with weight changes at 6 and 12 mo as
ot the v.eterans wit a Oat east one comorb H,lenta the outcome, SDB, time of weight assessment (6 or 12-months), and
health disorder, compared to 38% among the veterans without the interaction between SDB and months as predictors, and age, sex,
SDB. baseline weight, race, and facility as potential confounders.)

Strengths and Limitations

Strengths of this observational study include the evaluation
of a weight treatment program in a naturalistic and integrated
health care setting; SDB diagnosis information gathered from
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ICD-9-CM codes in medical records (versus self-reports); and
the evaluation of weight loss changes over a 1-y period in a
nationally implemented weight loss program. The primary
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limitation of this study is the statistically but not necessarily
clinically significant weight loss difference (0.4 lb) between
SDB and non-SDB groups. This small effect size may be due
to various methodological issues resulting in measurement
error that should be addressed in future studies. Weight was
measured in a clinical rather than research setting. Greater
measurement error would be expected for weight assessments
in a clinical setting® compared to a research setting with stan-
dardized protocols (e.g., the removal of shoes prior to weight
assessments and weighing on a calibrated scale). Due to the
administrative nature of the data, we were not able to screen
for SDB, confirm SDB diagnoses with objective sleep tests, or
explore the influence of various SDB parameters (type of SA
[central or obstructive], severity, treatment adherence [compli-
ance with nightly CPAP use of 7 h or more*], sleep quality, or
other barriers) on weight loss. We suspect that a significant per-
centage of veterans in the non-SDB comparison group of the
analytic sample had undiagnosed SDB. Hence, our findings are
probably biased toward the null hypnosis and provide a conser-
vative estimate of the weight loss differences between the SDB
and non-SDB groups. Although speculative, we expect that the
observed differences in weight loss would be greater over time
if the presence or absence of SDB was clinically confirmed
rather than administratively determined. We also hypothesize
that weight loss among individuals with a diagnosis of SDB
may follow the dose-response relationship observed for hours
of CPAP use and normal daytime functioning.* Finally, future
studies examining the influence of SDB on weight loss should
examine potential confounders because the small weight loss
difference may be explained by such factors.

Future investigations may want to include a SDB screen in
their design as well as quantify treatment adherence for SDB.
In addition, other factors should be investigated to determine
their influence not only on the considerably greater baseline
weight but also slower weight loss pattern among veterans
with SDB compared to veterans without SDB. These include
health (mobility/disability unrelated to service, tolerance of
physical exercise, and chronic pain), lifestyle (occupational
and/or household-related activity, time, support from family
or friends, history of exercise habits,* behaviors intended to
compensate for poor sleep such as daytime napping, and other
leisure activities),* behavioral (propensity to overeat or binge
eating, negative body image, motivation and self-efficacy to
change health behaviors,” and strong personal incentives®),
and environmental (access to safe, convenient, welcoming, and
affordable facilities®) factors. Despite these limitations and
potential biases, our findings suggest that SDB may impede
weight loss.

CONCLUSIONS

Nationally, participation in the MOVE! program was associ-
ated with a lack of weight gain in overweight and obese vet-
erans with SDB. This finding is clinically relevant because
SDB has been shown to have a dose-response relationship
with body weight, with the severity of symptoms increasing
with weight. Hence, the prevention of weight gain, over time,
is clinically significant and may slow the progression of SDB.
Our findings also highlight the need for more effective weight

SLEEP, Vol. 39, No. 1, 2016

64

loss programs among overweight and obese veterans because
weight loss of at least 10 kg or 10% of body weight is cur-
rently recommended to achieve significant improvements in
SDB symptoms. Possible enhancements for accelerated weight
loss that could be tested in future trials include (1) increasing
the intensity of the intervention by more frequent contacts and/
or lengthening the intervention; (2) providing more directive
diet modifications and plans; (3) using efficacious protocols
such as the Diabetes Prevention Program for clinically mean-
ingful weight loss; (4) assessing and treating SDB at MOVE!
enrollment; (5) providing weight loss motivation targeted for
obese veterans with SDB; (6) emphasizing physical activity
for weight maintenance and sleep improvement; and (7) em-
phasizing sleep hygiene behavioral interventions, such as ab-
staining from alcohol and caffeine, that may also aid in weight
loss. Finally, the influence of SDB on weight loss needs to be
confirmed in overweight and obese civilians and other high-
risk populations.

In this study, veterans with SDB had significantly less
weight loss over time than veterans without SDB. Even though
the absolute difference in weight loss was small (< 1 Ib), the
relative difference in weight loss was large (32% at 6 mo) for
veterans with and without SDB. However, the effect of SDB
on weight loss appears to be smaller than the positive effect of
weight loss on SDB severity.*! Thus, from a clinical perspec-
tive, targeting weight loss among individuals with SDB should
continue to be a top priority. SDB should be considered in the
development and implementation of weight loss programs due
to its high prevalence and negative effect on health.
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