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Abstract 
 

Introduction: It is well known that obesity is a risk factor for sleep-disordered breathing 
(SDB). However, whether SDB predicts increase in BMI is not well defined. Data from 
the Sleep Heart Health Study (SHHS) were analyzed to determine whether SDB 
predicts longitudinal increase in BMI, adjusted for confounding factors. 
 
Methods: A full-montage unattended home polysomnogram (PSG) and body 
anthropometric measurements were obtained approximately five years apart in 3001 
participants. Apnea-hypopnea index (AHI) was categorized using clinical thresholds: < 5 
(normal), ≥ 5 to <15 (mild sleep apnea), and  15 (moderate to severe sleep apnea). 
Linear regression was used to examine the association between the three AHI groups 
and increased BMI. The model included age, gender, race, baseline BMI, and change in 
AHI as covariates. 
 
Results: Mean (SD) age was 62.2 years (10.14), 55.2% were female and 76.1% were 
Caucasian. Five-year increase in BMI was modest with a mean (SD) change of 0.53 
(2.62) kg/m2 (p=0.071). A multivariate regression model showed that subjects with a 
baseline AHI between 5-15 had a mean increase in BMI of 0.22 kg/m2 (p=0.055) and 
those with baseline AHI ≥ 15 had a BMI increase of 0.51 kg/m2 (p<0.001) compared to 
those with baseline AHI of <5. 
 
Conclusion: Our findings suggest that there is a positive association between severity of 
SDB and subsequent increased BMI over approximately 5 years. This observation may 
help explain why persons with SDB have difficulty losing weight.  
 
Key Words: Sleep Apnea, Weight Gain, Obesity 
 
Abbreviation List: 
 PSG  polysomnogram 
 SDB  sleep disordered breathing 
 AHI  apnea hypopnea index 
 SHHS  Sleep Heart Health Study 
 BMI  body mass index 
 SD   standard deviation 
 SEM  standard error of the mean 
 ANOVA analysis of variance 
 

Introduction 
 
There is overwhelming epidemiological and clinical data indicating that obesity is a risk 
factor for sleep disordered breathing (SDB).1-8 The association between obesity and 
SDB is substantial, with high body mass index (BMI) contributing to moderate to severe 
SDB in 58% of affected persons.9 The effect of obesity is greater in men than 
women1,10-12 although it decreases with increasing age.6,7 In addition, weight loss has 
been demonstrated to decrease the severity of SDB.10,13,14 Longitudinal data from 
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population studies including the Sleep Heart Health Study (SHHS),10 the Wisconsin 
Sleep Cohort,15 and the Cleveland Family Study6 have initially focused on the impact of 
increased weight on SDB severity. However, examination of the opposite causal 
pathway has yet to be prospectively addressed. 
 
Anecdotally, patients with SDB appear to have more difficulty losing weight than obese 
patients without SDB. They also report marked weight gain prior to confirmation of their 
diagnosis. Two small studies support these empiric observations.5,16  Given this limited 
information on the impact of SDB on BMI, data from SHHS was analyzed to examine 
the impact of SDB on BMI after controlling for change in AHI and severity of SDB. 
 

Methods 
 
Study Design and Population. The SHHS is a multi-center, community-based 
prospective cohort study of the natural history and cardiovascular consequences of 
SDB. Details of the study design, sampling, and procedures have been reported.17 
Briefly, between November 1995 and January 1998 participants were recruited from 
several ongoing prospective cohort studies--the Framingham Offspring and Omni 
Studies, the Atherosclerosis Risk in Communities Study, the Cardiovascular Health 
Study, the Strong Heart Study, and the cohort studies of respiratory disease in Tucson 
and of hypertension in New York. Participants were eligible if they were ≥ 40 years of 
age and were not being treated for sleep apnea with positive pressure therapy, an oral 
appliance, oxygen, or a tracheostomy. Habitual snorers < 65 years were over sampled 
to increase the prevalence of obstructive sleep apnea. Subjects were required to 
provide written consent and the protocol was approved by the institutional review 
boards of each of the eight investigative sites. 
 
Data Collection. A total of 6,441 subjects completed the baseline polysomnogram 
(PSG), and 4,586 consented to have a second evaluation approximately five years later. 
This analysis focuses on the 3,040 participants who had PSG and BMI data at both time 
points. Data from all 215 participants who had a follow-up PSG from the New York 
center were excluded because they did not meet quality standards for the follow-up 
examination. The remaining participants died, were too ill to participate, refused to 
participate, were lost to follow-up or had incomplete covariate data such as weight. This 
latter group had a higher percentage of Whites (85%) compared with the study group 
(75.5%) (p-value <0.001). There also were statistically significant differences in baseline 
BMI, baseline AHI, and age between the study group compared with the excluded 
group, however, these differences were very small and were not clinically significant. 
There was no gender difference between the two groups.  
 
Weight was measured on the night of the PSG examination with the participant in light 
clothes on a calibrated portable scale. Height was obtained at the baseline home visit if 
not already measured within + 3 months of the parent study. BMI was calculated as 
weight in kilograms divided by the square of height in meters. Baseline height was used 
for baseline and follow-up BMI calculations. Age, sex, and ethnicity were self-reported. 
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The PSG was conducted using a portable monitor (PS-2 System; Compumedics 
Limited, Abbotsford, Victoria, Australia), using methods previously described.18 Apnea 
was present if there was an absence or near absence of airflow or thoracoabdominal 
movement (at least < 25% of baseline) for > 10 seconds. Hypopnea was defined as a 
decrease in the amplitude of the airflow or thoracoabdominal movement below 70% of 
baseline for > 10 seconds. The apnea-hypopnea index (AHI) was calculated as the 
number of apnea and hypopnea events, each associated with at least a 4% decrease in 
oxygen saturation, divided by total sleep time in hours. 
 
Statistical Analyses. The primary endpoint in this analysis was change in BMI 
determined as BMI at follow-up minus the baseline value. AHI was categorized using 
clinical cutoffs: < 5 (normal), ≥ 5 to <15 (mild sleep apnea), and  15 (moderate to 
severe sleep apnea). Delta AHI was computed as the difference between follow-up AHI 
and baseline AHI. Race was categorized into “White” and “Other” because of the small 
number of non-White participants. Chi square tests were used to assess differences in 
proportions and analysis of variance (ANOVA) was employed to assess differences in 
means. A linear regression model was used to examine the association between AHI 
category at follow-up and change in BMI. The model was adjusted for age, gender, 
race, baseline BMI, and change in AHI. An interaction term of gender by AHI group was 
also tested and not found to be statistically significant and thus removed from the final 
model. A p-value of <0.05 was used for all analyses to determine statistical significance. 
All analyses were conducted using SPSS 15.0 (SPSS Inc, Chicago, IL). 
 

Results 
 
Participant characteristics are provided in Table 1.   
 
Table 1: Characteristics of participants of the Sleep Heart Health Study cohort with complete 
baseline and follow-up polysomnography and weight measurements as a function of sleep 
apnea severity. 
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As expected, women were over-represented in the baseline AHI < 5 group (64.9%) and 
men were over-represented in the AHI  15 group (63.5%) (p<0.001). Baseline BMI 
increased as baseline AHI severity increased.  Overall unadjusted five-year increase in 
BMI was modest with a mean (SD) BMI change of 0.53 (2.61) kg/m2. The unadjusted 
five-year increase in BMI was 0.63 (2.54) kg/m2 for those with baseline AHI < 5, 0.43 
(2.48) kg/m2 among those with AHI ≥ 5 to < 15 and 0.37 (3.05) kg/m2 for the AHI group 
≥ 15. These values were not statistically different from each other. 
 
A multivariate regression model was constructed predicting five-year change in BMI by 
baseline AHI category adjusted for age, gender, race, baseline BMI, and AHI change 
(Table 2).  
 
Table 2: Adjusted β coefficients of BMI change according to AHI and continuous 
variables in the Sleep Heart Health Study*. 

 
 
Compared to baseline AHI group of < 5, those with AHI between ≥ 5 to < 15 had a 
mean adjusted increase in BMI of 0.21 that approached statistical significance 
(p=0.055). However, those with AHI ≥ 15 had a statistically significant adjusted BMI 
increase of 0.51 (p<0.001).  Younger age, lower baseline BMI and greater AHI change 
also were associated with a larger BMI increase. There was a trend for women to have 
a greater increase in BMI, but no effect of race was observed. However, the model only 
accounted for 7% of the total variance. Adjusted means by baseline AHI group are 
displayed graphically in Figure 1.  
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Figure 1: Estimated Adjusted Means of BMI increase according to AHI in the Sleep 
Heart Health Study. Data are adjusted for baseline age (continuous), race (categorical), 
gender (categorical), baseline BMI (continuous), change in AHI (continuous). Covariates 
fixed at: baseline BMI = 28.7, baseline age 62.1, change in RDI = 2.7. Bars represent 
95% confidence intervals. 
 

Discussion 
 
Our findings indicate that there is a positive association between severity of SDB and 
five-year increase in BMI. The finding was demonstrated after controlling for key 
covariates including age, gender, race, baseline BMI, and AHI change. This observation 
may help explain the difficulty patients with SDB have in trying to lose weight. 
Two previous small studies have demonstrated a positive association between newly 
diagnosed SDB and weight gain. A retrospective study by Phillips et al. compared one-
year weight histories of 53 men and women patients who were recently diagnosed with 
SDB with 24 control subjects matched for gender, age, BMI and percent body fat.5 
Subjects in that study were somewhat younger than the SHHS cohort with an age 
difference of approximately 10 years. The SDB among subjects in the previous study 
tended to be moderate to severe with mean ± SEM AHI 33 ± 5 /h for men and 37 ± 10 
/h for women. Mean ± SEM of BMI at time of diagnosis was somewhat higher than in 
the SHHS with 35 ± 1 kg/m2 for men and 44 ± 2 kg/m2 for women.  Men and women 
patients with SDB had reported a recent weight gain of 7.4 ± 1.5 kg compared with a 
weight loss of 0.5 ± 1.7 kg (p=0.001) in obese controls without SDB. However, given the 
design of this study it is not possible to determine whether weight gain contributed to the 
onset of SDB or was a result of SDB. The study was also limited by reliance on self-
report of weight gain history. 
 
Another study by Traviss et al. prospectively evaluated 49 obese patients with newly 
diagnosed SDB.16 Mean ± SD of AHI at diagnosis was severe at 45 ± 27 /h.  BMI at 
diagnosis was elevated at 36.5 ± 6.2 kg/m2. Of the 49 subjects, 43 could estimate the 
duration of their symptoms with 84% reporting weight gain since becoming 
symptomatic.  Weight gain was relatively large, with a reported 17 ± 15 kg over 5.3 ± 
4.8 years. However, this study was limited by the lack of a control group and reliance on 
self-report of weight history.  These two small studies, in addition to our findings, 
suggest that there is an association between SDB and increased BMI. 
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Interestingly, unadjusted BMI change in our study was quite modest and not statistically 
different as a function of SDB severity. However, BMI change over time is a complex 
phenomenon influenced by several variables. A large (29,799 subjects) prospective 
study examining 5-year change in weight in a multi-ethnic cohort of men and women 
explored several of these relationships.19 In that study, younger men and to a greater 
degree, younger women were at greater risk for weight gain compared to older adults. 
This is consistent with our initial findings. In addition, there was a trend for women in the 
higher baseline BMI categories of ‘overweight’ (BMI >25– 30 kg/m2) and ‘obese’ (BMI 
>30 kg/m2) in the aforementioned cohort to gain more weight than men in the higher 
baseline BMI categories. In order to more precisely examine the effect of AHI on weight 
change, we controlled for these confounders in our final multivariate model thus 
resulting in the finding of an increase in BMI as a function of SDB severity in this study. 
  
Several mechanisms could explain why SDB contributes to increased BMI. First, 
persons with SDB may have a reduction in the quantity and quality of their sleep. 
Recent data indicate that insufficient sleep may be a risk factor for obesity.20 
Experimental sleep restriction increases ghrelin and reduces leptin production favoring 
appetite enhancement,21 a finding that also has been observed in a large population 
cohort.22 Second, those with SDB may eat a diet that favors weight gain. In support of 
this hypothesis, sleep restriction has been shown to increase craving for calorie dense 
food with high carbohydrate content. The Apnea Positive Pressure Long-Term Efficacy 
Study (APPLES) demonstrated that those with severe SDB consumed a diet higher in 
cholesterol, protein, total fat and total saturated fatty acids, even after adjusting for BMI, 
age, and daytime sleepiness.23 Third, a cardinal symptom of SDB is excessive daytime 
sleepiness. Thus, it is possible that persons with SDB engage in less physical activity 
because they are too fatigued to exercise. Data from APPLES indicate that recreational 
physical activity is less in those with SDB. However, this finding appears to be 
principally explained by concomitant obesity.   
 
Weight loss frequently results in an improvement and sometimes resolution in SDB. 
This is most evident in those who undergo bariatric surgical procedures.24,25 Persons 
with SDB are frequently counseled to treat their SDB by losing weight through diet and 
exercise,26 an approach that is usually unsuccessful.25 Failure to primarily address SDB 
in conjunction with a weight reduction program may diminish the latter’s success. 
However, evidence to date indicates that treatment of SDB does not consistently result 
in weight loss. In a sample of clinical patients with SDB, treatment with CPAP did not 
result in weight loss. Moreover, in female patients, there was actually an increase in 
weight.27 In addition, consistent weight reduction was not observed in a small number of 
patients with severe OSA who underwent tracheostomy.28 Thus, it appears that weight 
gain engendered by the presence of OSA is not easily reversed despite therapy. 
Prospective studies will be required to determine whether primary treatment for OSA 
enhances weight loss programs in those with OSA.  
 
Although this analysis demonstrated a positive association of severity of SDB on five-
year increase in BMI, there are several caveats that deserve consideration. The BMI of 
participants tended to be lower than that seen in clinical SDB populations and a 
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relatively small number of subjects had large changes in BMI. As previously noted, the 
mean BMI increase was, at best, quite modest. When converted for illustrative purposes 
to weight using an average height of 167 cm of the participants, those with an AHI 
between ≥ 5 to < 15 had a mean adjusted increase in BMI of 0.21 kg/m2 equal to 0.59 
kg or 1.30 lbs. Similarly, those with AHI ≥ 15 had an adjusted BMI increase of 0.51 
kg/m2 equal to 1.42 kg or 3.13 lbs. Thus, the magnitude of the changes we observed 
may not be applicable to clinical populations where patients with SDB may have a 
higher BMI. In addition, it is not known when the participants developed SDB, thus 
definitive inference of causality cannot be made. However, following a large 
undiagnosed cohort over an extended period of time to determine incidence of SDB 
onset and subsequent change in weight would be exceedingly difficult and costly.  
Additionally, the model only accounted for a small amount of the total variance in five-
year BMI increase, suggesting that there are likely other unmeasured variables 
influencing the amount of BMI increase over time in this cohort. Finally, while not 
statistically significant, the unadjusted mean change in BMI was slightly less in the high 
RDI group in comparison to the lower RDI groups. This observation underscores the 
biological complexity of the interactions among weight change, SDB, age, gender and 
other factors. 
 
In conclusion, our findings suggest that although weight gain is a risk factor for 
developing or worsening SDB, SDB may, in a reciprocal fashion, lead to increased 
weight gain. This may help explain why patients with SDB find it difficult to lose weight. 
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