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Study Objectives: To determine if weight loss and/or changes
in apnea-hypopnea index (AHI) improve sleep architecture
in overweight/obese adults with type 2 diabetes (T2D) and
obstructive sleep apnea (OSA).

Methods: This was a randomized controlled trial including
264 overweight/obese adults with T2D and OSA. Participants
were randomized to an intensive lifestyle intervention (ILI)
or a diabetes and support education (DSE) control group.
Measures included anthropometry, AHI, and sleep at baseline
and year-1, year-2, and year-4 follow-ups.

Results: Changes in sleep duration (total sleep time [TST]),
continuity [wake after sleep onset (WASO)], and architecture
stage 1, stage 2, slow wave sleep, and REM sleep) from
baseline to year 1, 2, and 4 did not differ between ILI and DSE.
Repeated-measure mixed-model analyses including data from
baseline through year-4 for all participants demonstrated a
significant positive association between AHI and stage 1 sleep
(p<0.001), and a significant negative association between AHI
and stage 2 (p = 0.01) and REM sleep (p < 0.001), whereas
changes in body weight had no relation to any sleep stages or
TST. WASO had a significant positive association with change
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in body weight (p = 0.009).

Conclusions: Compared to control, the ILI did not induce
significant changes in sleep across the 4-year follow-up. In
participants overall, reduced AHI in overweight/obese adults
with T2D and OSAwas associated with decreased stage 1, and
increased stage 2 and REM sleep. These sleep architecture
changes are more strongly related to reductions in AHI than
body weight, whereas WASO may be more influenced by
weight than AHI.
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besity, type 2 diabetes (T2D), and obstructive sleep apnea

(OSA) are three related disorders which have been demon-
strated to co-occur in patients. Indeed, obesity is established as
one of the leading risk factors for the development of both T2D
and OSA, and a high prevalence (~86.6%) of undiagnosed OSA
was found in obese patients with T2D.! Deficits in sleep duration
and/or quality may be a common link among these three factors.
A growing body of both epidemiological and laboratory-based
studies supports a role of short sleep duration in the development
of obesity.”* Sleep curtailment is also associated with increased
incidence of T2D as well as deficits in glucose regulation.>® Ex-
perimental sleep fragmentation studies have demonstrated that in
addition to duration, the quality and architecture of sleep episodes
as determined by polysomnographic (PSG) recordings may influ-
ence metabolism and body weight regulation. Specifically, selec-
tively suppressing slow wave sleep (SWS) without affecting total
sleep time (TST) results in reduced glucose tolerance and insulin
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BRIEF SUMMARY

Current Knowledge/Study Rationale: A growing body of evidence
supports a relationship between sleep and obesity. A long-term weight
loss intervention (up to 4 years) has previously been shown to im-
prove the severity of sleep disordered breathing in a group of over-
weight and obese patients with obstructive sleep apnea (OSA) and
type 2 diabetes, although the effects of the structured weight loss
program on nocturnal sleep duration and architecture have not yet
been explored.

Study Impact: Although the weight loss intervention was effective in
reducing the severity of OSA over a 4-year period, it did not lead to
changes in the various polysomnographic sleep measures, indicating
that the ILI did not induce changes in sleep architecture, duration, or
continuity. However, overall reductions in apnea-hypopnea index over
the 4-year follow-up were found to be associated with increased REM
sleep and stage 2 sleep, and decreased stage 1 sleep, which suggests
that reducing OSA severity may induce improvements in nocturnal
sleep architecture.
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sensitivity.” Simultaneous reduction of both SWS and REM sleep
stages without affecting TST also reduces insulin sensitivity and
glucose effectiveness.® In the latter study, the reduction in SWS
and REM sleep was compensated for by an increase in stage 1
sleep. In terms of factors influencing obesity, sleep fragmentation
intervention that reduced stage 2 and REM sleep but not TST re-
sulted in decreased next-day levels of glucagon-like peptide-1 (a
hormonal satiety signal) and feelings of fullness.’

These sleep fragmentation studies may be particularly rele-
vant for patients with OSA since the intermittent hypoxia associ-
ated with the disorder results in frequent nocturnal arousals and
sleep architecture disruption. Compared to non-apneic individu-
als, OSA patients were shown to have significantly increased
percentage of stage 1 sleep, as well as significantly decreased
percentage of stage 2, REM sleep, and SWS.!” Moreover, obesity,
even in the absence of OSA, has been shown to have deleterious
effects on sleep architecture. Compared to controls, non-apneic
obese individuals were shown to have increased percentage of
stage 1 sleep and decreased percentage of REM sleep.'®!! Inter-
estingly, results from a small weight loss trial found that com-
pared to controls, individuals in a weight loss group experienced
decreased stage 1 sleep and increased stage 2 sleep.'? Consistent
with this, patients were observed to have decreased expression
of stage 1 sleep and increased expression of stage 2 and REM
sleep after bariatric surgery.'*"'* Together, these findings indicate
the importance of studying the effects of an intensive lifestyle
intervention on sleep architecture.

Weight loss is frequently recommended as a treatment for
OSA symptoms in obese individuals, and reductions in OSA se-
verity and concomitant improvements in nocturnal sleep quality
have been observed in response to surgical'® or diet-induced'’
weight reduction. Results from the Sleep AHEAD (Action for
Health in Diabetes) study previously showed that compared to a
diabetes support and education (DSE) control group, an active
weight loss intervention was effective in reducing body weight
and OSA severity in obese patients with T2D at a 1-year fol-
low-up.'® These improvements in OSA in the treatment group
persisted over a 4-year period despite a ~50% weight regain."
The changes in sleep architecture across the 4-year follow-up
period in response to the weight loss intervention have not yet
been described. The current study aimed to determine whether
the benefits of a structured weight loss intervention program on
OSA severity also improved nocturnal sleep duration and archi-
tecture in these overweight and obese T2D patients who were
found to have OSA at baseline. We hypothesized that the weight
loss intervention and its subsequent reductions in OSA sever-
ity would be associated with improvements in nocturnal sleep
architecture. Moreover, considering that OSA severity in the ILI
group remained improved across the 4-year follow-up despite a
~50% weight regain,'® we hypothesized that reduced AHI would
be more strongly related to improved sleep architecture than
changes in body weight.

METHODS

Participants
The present manuscript focuses on the 264 participants
who had OSA at baseline. These included participants were
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enrolled in the Sleep AHEAD study, which is an ancillary
study of the Look AHEAD trial. Look AHEAD is a 16-center
randomized clinical trial investigating the long-term effects
of weight loss on cardiovascular morbidity and mortal-
ity in overweight and obese T2D patients.?*?! In the Look
AHEAD trial, primary inclusion criteria were age 45-76
years, body mass index (BMI) > 25 kg/m? or > 27 kg/m? if
taking insulin, physician-verified presence of T2D, hemo-
globin A1C < 11%, and blood pressure < 160/100 mm Hg.
An exclusion criterion for initial participation in the Sleep
AHEAD study was previous surgical or current medical
treatment for OSA, although patients with a previous di-
agnosis of OSA who were not treated were eligible to par-
ticipate.'® Experimental procedures, including administering
the interventions and obtaining measures, were approved by
the institutional review board of each of the participating
Sleep AHEAD sites (University of Pennsylvania; University
of Pittsburgh; St. Luke’s-Roosevelt Hospital/Columbia Uni-
versity; and The Miriam Hospital). All participants provided
written informed consent.

Intervention

Participants in the Look AHEAD trial were randomized to
one of 2 groups: intensive lifestyle intervention (ILI) or DSE.
Sleep technicians and PSG scorers were blinded to the random-
ization of participants.

Intensive Lifestyle Intervention

Individuals in the ILI group participated in a group behav-
ioral weight loss program specifically developed for obese T2D
patients.'”?! Participation in this program included a reduced
daily caloric intake of 1200-1500 kcal for individuals <113.6 kg,
and 1500-1800 kcal for those with body weight > 113.6 kg. To
promote adherence to these calorie goals, participants were
provided with meal replacement products. The physical activ-
ity component included the prescription of 175 min/week of
moderate intensity activity. During years 2-4 of the ILI, the in-
tervention was a combination of both monthly individual ses-
sions and group sessions.

Diabetes Support and Education

Participants in the DSE group were provided with 3 group
sessions each year, which focused on diet, physical activity, and
social support. Participants were not weighed at these group
sessions, and there was no discussion of specific behavior
change strategies.

Measures

Polysomnography

Sleep was recorded at baseline, and at year 1, year 2, and
year 4 with an unattended overnight PSG at the participant’s
home using a portable system. Recordings at baseline, year 1
and year 2 were done using the Compumedics PS2 monitor
(Compumedics Sleep, Abbotsville, Australia), whereas re-
cordings at year 4 were done using the Compumedics Safiro
monitor. A comparison of the PS2 and Safiro devices indicated
that measures of sleep stages and respiratory outcomes were
not different between the 2 machines."” Measured signals in
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the recordings included electroencephalogram (C3-A2 and
C4-Al), bilateral electrooculogram, chin electromyogram,
electrocardiogram, rib cage and abdominal excursion, nasal
airflow via oronasal thermistry as well as nasal pressure can-
nula, and heart rate and oxygen saturation via pulse oximetry.
PSGs were scored manually using recommended criteria® at a
single reading laboratory. TST was the sum of the duration of
stage 1 sleep, stage 2 sleep, SWS, and REM sleep. Sleep stages
were expressed as percentage of TST. Apnea was defined as
the cessation of airflow > 10 sec with concomitant respiratory-
related chest wall movement for obstructive apnea, or in the
absence of respiratory-related chest wall movement for central
apnea. Hypopnea was defined as > 30% reduction in airflow or
thoraco-abdominal movement for > 10 sec with > 4% oxygen
desaturation. Apnea-hypopnea index (AHI) was the sum of the
number of apneas and hypopneas per hour of sleep. Throughout
the 4-year follow-up period, none of the participants received
surgical or dental treatment for OSA. Participants who were re-
ceiving continuous positive airway pressure (CPAP) treatment
for OSA during the follow-up period were asked not to use the
treatment for 3 nights prior to experimental PSG recording. A
recent report indicates that 3 nights is a sufficient interval to
reverse any treatment-related effect on AHIL.?

Intrascorer reliability across the 4 years was assessed by
having the masked scorer rescore a subset of 92 randomly se-
lected PSGs. This included 47 from baseline, 20 from year 1,
8 from year 2, and 17 from year 4. The original and rescored
values were significantly related: TST (r = 0.96, p < 0.0001),
wake after sleep onset (WASO; r = 0.96, p < 0.0001),
stage 1 sleep (r = 0.66, p < 0.0001), stage 2 sleep (r = 0.83,
p < 0.0001), SWS (r = 0.66, p < 0.0001), and REM sleep
(r=0.87,p <0.0001).

Anthropometry

Body weight (measured in kg) was assessed at the annual
clinic visit by blind assessors, and was done within 1 week of
PSG recordings.

Statistical Analyses

Adjusted change from baseline was calculated for all sleep
architecture parameters at year 1, year 2, and year 4. Changes
from baseline for these parameters were adjusted for sex, age,
race, and treatment site. Repeated-measure linear mixed-model
analysis was used to compare the between-group differences in
adjusted change-from-baseline at year 1, year 2, and year 4 for
each sleep parameter. Repeated-measure mixed-model analysis
was used to assess the relationship between sleep parameters
and various predictor variables at baseline, year 1, year 2, and
year 4 when data from all participants were pooled together. For
the mixed-model analyses, individuals with baseline and > 1 ad-
ditional year of data were included. Dependent variables were
measures of TST, sleep continuity (WASO), and sleep architec-
ture (percentage of stage 1 sleep, stage 2 sleep, SWS, and REM
sleep) at baseline, year 1, year 2, and year 4. Predictor vari-
ables for the models were treatment group (ILI vs. DSE), year,
AHI, and body weight at baseline, year 1, year 2, and year 4.
A treatment group x year interaction term was also included
in the models. For these repeated-measure analyses, changes
in variables over time were considered in the model. Year was
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Table 1—Sleep duration and architecture measures at
baseline.

Between

groups

Measure ILI Group DSE Group p value
TST, min 360.62+6.54  361.24 £5.65 0.94
WASO, min 79.22 £4.09 72.63 £3.91 0.25
Stage 1, % 17.01+1.29 16.44 +1.36 0.76
Stage 2, % 62.62£1.18 62.43 £1.29 0.91
SWS, % 3.12+0.34 3.71+0.51 0.33
REM, % 17.22 £0.59 1740+ 0.74 0.85

Values are unadjusted mean values + standard error at baseline. ILI,
intensive lifestyle intervention; DSE, diabetes support and education;
TST, total sleep time; WASO, wake after sleep onset; SWS, slow wave
sleep; REM, rapid eye movement sleep.

treated as a continuous variable in the mixed-model analyses.
Analyses were adjusted for sex, age, race, and treatment site.
A p-value < 0.05 was used to define statistical significance in
these analyses.

RESULTS

Participants

A summary of the number of participants who were initially
enrolled in the Sleep AHEAD trial and who completed assess-
ments at 1-, 2- and 4-year follow-up visits was previously de-
scribed.” A total of 305 participants underwent baseline PSG,
and of these, 41 did not have OSA and were therefore excluded
from the present analyses. In the remaining 264 participants,
125 were enrolled in the ILI group and 139 were enrolled in the
DSE group. For ILI, 82% (n = 103) returned for follow-up at
year 1, 79% (n = 99) returned for follow-up at year 2, and 66%
(n = 82) returned at year 4. For DSE, 83% (n = 116) returned
for follow-up at year 1, 80% (n = 111) returned for follow-up
at year 2, and 60% (n = 83) returned for year 4." None of the
baseline participant characteristics (including age, sex and race
distribution, BMI, height, weight, waist and neck circumfer-
ence, AHI, oxygen desaturation index > 4%, fasting glucose,
and hemoglobin A1C) differed between ILI and DSE groups.
Baseline sleep parameters did not differ between groups, and
are summarized in Table 1. Effects of the ILI on body weight
and AHI throughout the 4-year follow-up period have been
previously described in these participants. Briefly, compared to
DSE, participants in ILI had significantly greater reductions in
body weight and AHI at years 1-4."

Effects of the Intensive Lifestyle Intervention on PSG
Sleep Measures

Table 2 shows the adjusted mean change from baseline in
sleep duration, continuity, and architecture measures at year 1,
year 2, and year 4 for ILI and DSE groups. Comparisons be-
tween ILI and DSE demonstrated that there were no between-
group differences in change-from-baseline for TST, WASO,
and percent TST spent in stage 1, stage 2, SWS, or REM sleep
at year 1, year 2, or year 4 (Table 2).
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Table 2—Estimated adjusted mean (+ standard error)
changes in sleep measures from baseline at year 1, year 2,
and year 4.

Between

groups

Measure Year ILI Group DSE Group p value
TST, min 1 -2.23+7.90 -5.27 +8.62 043
2 19.14 £7.90 6.88 +£8.32 0.12
4 7.88 +10.20 18.96 £ 8.16 0.35
WASO, min 1 -355+5.79 -6.66 + 5.53 0.32
2 -1215+5.96 -13.91+5.76 0.63
4 -8.00 + 6.61 -7.92 +6.64 0.61
Stage 1,% 1 -3.73+1.54 -1.95 +1.59 0.33
2 -3.74 +1.62 -2.60 + 1.57 0.63
4 -2.03+1.44 -1.89 +1.81 0.50
Stage 2,% 1 411 +£1.70 418+1.80 0.89
2 3.75+1.62 419+ 196 0.57
4 422 +1.71 3.91+1.92 0.18
SWS, % 1 0.90£0.45 -0.92+0.62 0.28
2 -0.48 +0.39 -0.75+0.60 0.99
4 -143+0.48 -1.73+0.70 0.86
REM, % 1 -0.28 +0.81 -2.27 £1.07 0.23
2 -0.12+0.87 -0.36+1.14 0.94
4 0.01+0.92 -1.13+1.10 0.32

Values are adjusted mean change from baseline + SE at year 1, year 2,
and year 4. Analyses were adjusted for sex, age, race, and treatment site.
ILI, intensive lifestyle intervention; DSE, diabetes support and education;
TST, total sleep time; WASO, wake after sleep onset; SWS, slow wave
sleep; REM, rapid eye movement sleep.

Role of OSA and Body Weight in Influencing Sleep
Architecture: Repeated-Measure Mixed-Model Analyses

Repeated-measure mixed-model analyses were used to de-
termine how various factors, including intervention group, time
(year of assessment), and changes in AHI and body weight af-
fect sleep duration, continuity, and architecture throughout the
4-year follow-up period for all participants (Table 3). There
were no significant group x year interactions that contributed to
the changes in sleep variables (Table 3). None of the predictor
variables, including treatment group, year, AHI, and changes
in body weight had an effect on TST (Table 3). In terms of
sleep continuity, a significant positive association was seen be-
tween change in body weight and WASO (coefficient = 0.34,
p = 0.009; Table 3).

Treatment group and change in body weight were not found
to have significant relationships with any of the sleep architec-
ture measures (stage 1, stage 2, SWS, and REM sleep). Sig-
nificant effects of year were seen for percentage of TST spent
in stage 2 sleep (coefficient = 1.02, p = 0.01) and SWS (co-
efficient = -0.44, p = 0.001). These time effects indicate that
for both groups overall, expression of stage 2 sleep was above
baseline and expression of SWS was below baseline values
across the year 1, year 2, and year 4 follow-ups. A significant
positive association was seen between change in AHI and stage
1 % (coefficient = 0.22, p < 0.001; Table 3). For stage 2 %, a
significant negative association was also seen with AHI (co-
efficient = -0.10, p = 0.001), and AHI also had a significant
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independent negative relationship with REM sleep % (coeffi-
cient =-0.07, p <0.001; Table 3).

DISCUSSION

To our knowledge, this is the first report detailing the
changes in nocturnal sleep duration and architecture in a
long-term weight loss intervention with behavioral and diet
recommendations. Although the intervention was effective in
reducing the severity of OSA over a 4-year period, it did not
lead to changes in the various PSG measures, suggesting that
the ILI did not induce changes in sleep architecture, duration, or
continuity across the 4-year follow-up. Thus, the main findings
of this secondary investigation of the Sleep AHEAD outcomes
are negative. However, when results were further analyzed as
a longitudinal pooled observation study in which participants
from the two groups were combined, we found that changes
in sleep architecture (i.e., reduced stage 1 sleep and increased
stage 2 and REM sleep) were significantly related to changes in
AHI, but not to changes in body weight. Thus, sleep architec-
ture changes can be considered to be more strongly associated
with OSA severity than body weight. Interestingly, however,
body weight was positively associated with disrupted sleep
continuity (i.e., increased WASO).

Our results are somewhat in line with an earlier study by
Smith et al. on the effects of weight loss on sleep disordered
breathing in a small number of obese patients with OSA.'? In
that study, patients were assigned to control (n = 8) or weight
loss (n = 15) groups.'” The weight loss group was instructed
to reduce caloric intake but was not prescribed specific diet or
behavioral modification, and the control group was given no
instructions to alter their caloric intake. In follow-up assess-
ments ~8 mo after baseline for control and ~5 mo after baseline
for weight loss, participants in the treatment group showed im-
proved OSA, and also decreased percent time in stage 1 sleep,
and increased percent time spent in stage 2 sleep compared to
control.'> Whereas we report a similar association between re-
duced OSA severity and improved sleep architecture (i.e., in-
creased stage 2 and decreased stage 1 sleep), we observed that
the DSE control and ILI treatment groups did not differ in their
expression of stage 1 and 2 sleep. In our study, participants in
the DSE group were provided with education sessions focusing
on diet, physical activity, and social support, which may have
reduced some of the observed differences in sleep between the
two groups. It remains unclear if aspects of these education and
support sessions may have accounted for the lack of clear be-
tween group effects on the various sleep architecture param-
eters. Related to this, on an individual level, participants in the
DSE group are likely to have experienced some weight loss,"
whereas those in the control group of Smith et al. were studied
specifically after they had been weight-stable for a 1-month pe-
riod. This is supported by the finding of a significant effect of
year on stage 2 sleep, indicating that the expression of stage 2
sleep was above baseline values across the year 1, year 2, and
year 4 follow-ups for both groups.

Since then, a series of more structured, supervised lifestyle
intervention studies have been conducted.!*? Of these, the
Sleep AHEAD trial is the largest study to investigate the effects
of a lifestyle intervention on OSA severity in a randomized
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Table 3—Repeated measure mixed-model analysis with sleep measures over baseline, year 1, year 2, and year 4 as dependent

variable.
TST, min Stage 2, %

Predictor Coefficient ~ Standard Error p value Coefficient ~ Standard Error p value
Group (ILI vs. DSE) 3.70 8.03 0.65 0.52 1.55 0.74
Year 3.66 2.1 0.08 1.02 0.39 0.01
AHI, events/h 0.11 0.16 0.50 -0.10 0.03 0.001
Body weight, kg -0.05 0.20 0.79 -0.03 0.04 0.50
Group x Year 0.86 3.01 0.77 -0.21 0.56 0.71

WASO, min SWS, %

Predictor Coefficient ~ Standard Error p value Coefficient ~ Standard Error p value
Group (ILI vs. DSE) -8.84 5.19 0.09 -0.34 0.55 0.54
Year -2.82 1.44 0.05 -0.44 0.13 0.001
AHI, events/h -0.08 0.11 0.44 -0.01 0.01 0.21
Body weight, kg 0.34 0.13 0.009 -0.01 0.01 0.30
Group x Year 0.37 2.06 0.86 0.02 0.19 0.91

Stage 1, % REM sleep, %

Predictor Coefficient ~ Standard Error p value Coefficient ~ Standard Error p value
Group (ILI vs. DSE) 0.11 1.14 0.93 0.57 0.82 0.48
Year -0.60 0.34 0.08 0.12 0.24 0.61
AHI, events/h 0.22 0.02 <0.001 -0.07 0.02 <0.001
Body weight, kg 0.02 0.03 0.48 0.0009 0.02 0.96
Group x Year 0.18 0.50 0.71 -0.18 0.34 0.60

ILI, intensive lifestyle intervention; DSE, diabetes support and education; AHI, apnea-hypopnea index; TST, total sleep time; WASO, wake after sleep onset;
SWS, slow wave sleep; REM, rapid eye movement sleep. Analyses were adjusted for sex, age, race, and treatment site. Statistically significant p-values

(< 0.05) are denoted in bold.

controlled design.” The other studies used a similar design in-
volving a lifestyle intervention consisting of either prescribed
low-calorie diet alone* or low-calorie diet together with recom-
mendations for increased physical activity*® and found reduced
OSA severity in the treatment group compared to the control.
Similar to what was observed in Sleep AHEAD,' longer-term
follow-up assessments demonstrated that the intervention was
associated with a sustained reduction in OSA severity, despite
moderate weight regain over time.?**” However, PSG measures
of sleep architecture in response to the intervention were not
described in either of the structured, supervised intensive life-
style intervention studies by Johansson et al. and Tuomilehto et
al., or their follow-up reports.?*2

In addition to lifestyle interventions encouraging reduced ca-
loric intake and increased physical activity, bariatric surgery is
an effective method for inducing weight loss within obese pa-
tients, with sustained effects seen in a long-term follow-up.?**
Results of a meta-analysis indicate that bariatric surgery is ef-
fective in resolving OSA in ~80% of patients,” and this surgical
procedure was also shown to significantly improve subjective
measures of sleep duration and quality.'s In addition to consis-
tently lowering AHI, weight loss following surgery has been
reported to improve nocturnal sleep architecture.'* !> This in-
cludes decreasing stage 1 sleep, and increasing the expression
of stage 2 sleep, REM sleep, and SWS."*!5 Since in each case,
body weight and AHI were concomitantly reduced after surgery,
it is unclear which is driving these favorable changes in sleep:
the weight loss or the improved AHI. Current results indicate
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that the improvements in stage 1, stage 2, and REM sleep, are
more likely to be influenced by the reduction in OSA severity
than by the loss of body weight per se.

Although the results of a large randomized sham-controlled
trial indicate that it may actually induce modest weight gain,*!
CPAP therapy, considered the gold-standard in OSA treatment,
improves nocturnal sleep quality and architecture. In addition
to relieving OSA symptoms, CPAP use has been found to de-
crease stage 1 sleep and increase SWS and REM sleep.*>* Thus,
CPAP should not only be considered as a means to relieve respi-
ratory disturbances associated with OSA, but also as a tool to
improve sleep architecture in these patients, particularly when
daytime hypersomnolence is a problem.* Prior studies demon-
strating a link between sleep architecture and various cardio-
vascular and body weight outcomes imply that these induced
changes in sleep architecture may be relevant. Specifically,
REM sleep expression was found to be inversely related to cen-
tral obesity, and SWS expression was also found to be inversely
related to BMI and incident hypertension.>>*’

PSG measures are important to document in obesity and
OSA studies, as work done by our lab®® and others® indicates a
role of sleep architecture in influencing metabolism and body
weight regulation. The percentage of SWS and REM sleep was
negatively correlated with next-day intakes of fat and carbo-
hydrates when participants were given an ad libitum eating
opportunity.’® Stage 2 sleep appears particularly critical in
the maintenance of energy balance, as a consistent pattern of
lower resting metabolic rate, increased subjective appetite for
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sweet and salty foods, and increased intake of calories and fat
were all seen in association with reduced stage 2 sleep.*® This
is relevant since, as observed in the mixed-model analysis in
the current study, alleviation of OSA severity is associated with
increases in stage 2 sleep and REM sleep. In a study exploring
the association between dietary patterns and sleep disordered
breathing, Vasquez et al. observed that worsened OSA severity
is associated with consumption of a diet high in total fat, to-
tal saturated fatty acids, cholesterol, and protein.** More work,
possibly including studies which selectively suppress particular
sleep stages and monitor subsequent food intake, is required to
determine if this is a true cause-effect relationship. Taken to-
gether, this may imply that methods to reduce AHI and improve
sleep architecture should be encouraged for obese OSA patients
to improve dietary patterns and metabolic health.

Considering that experimental manipulation studies have
demonstrated an important role of SWS in influencing glucose
metabolism,”*! it is surprising that the ILI in these obese pa-
tients with T2D did not induce significant increases in SWS,
and that this sleep stage was not associated with decreased body
weight or OSA severity. In the total sample of Look AHEAD
participants (n = 5,145; ILL: n = 2,570, DSE: n = 2,575); how-
ever, ILI was effective in significantly improving glycemic con-
trol over the 4 years of follow-up, and a significantly higher
proportion of participants in the ILI group vs. the DSE group
achieved the American Diabetes Association treatment goals
(hemoglobin A1C < 7%) during year 1, year 2, and year 4.2

Some limitations were present in the current study. Not all
patients returned for follow-up PSG assessments, and missing
data could have confounded the results. No relationships were
seen between the patterns of missing PSG and AHI or other co-
variates.'” Sample size remained large at follow-up assessments,
and this is still the largest study to investigate the long-term
effects of weight loss intervention and OSA improvement on
sleep architecture in a randomized crossover design. An accli-
matization night was not included in the current protocol, and
PSG measures at baseline and at years 1, 2, and 4 were based
on a single overnight recording. Thus, the possibility that a first
night effect influenced the observed sleep architecture changes
should be considered. Finally, it should be pointed out that re-
sults of the current study may not necessarily be generalized to
patients without T2D, or patients with less severe OSA.

In conclusion, we observed no significant differences between
ILI and DSE on changes in sleep architecture. However, over-
all reductions in AHI over the 4-year follow-up were found to
be associated with increased REM sleep and stage 2 sleep, and
decreased stage 1 sleep. Current findings further expose the im-
portant links that exist between obesity, T2D, sleep disordered
breathing, and sleep, and indicate that reducing OSA severity can
be associated with improvements in nocturnal sleep architecture.
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