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Abstract

Objective—Several epidemiologic, longitudinal studies have reported that short sleep duration is 

a risk factor for the incidence of obesity. However, the vast majority of these studies used self-

reported measures of sleep duration and did not examine the role of objective short sleep duration, 

subjective sleep disturbances, and emotional stress.

Design—Longitudinal, population-based study.

Subjects—We studied a random sample of 815 non-obese adults from the Penn State Cohort in 

the sleep laboratory for one night using polysomnography (PSG) and followed them up for a mean 

of 7.5 years. Subjective and objective measures of sleep as well as emotional stress were obtained 

at baseline. Obesity was defined as a body mass index (BMI) ≥ 30kg/m2.

Results—The incidence of obesity was 15% and it was significantly higher in women and in 

individuals who reported sleep disturbances, shorter sleep duration, and higher emotional stress. 

Significant mediating effects showed that individuals with subjective sleep disturbances who 

developed obesity reported the shortest sleep duration and the highest emotional stress and that 

subjective sleep disturbances and emotional stress were independent predictors of incident obesity. 

Further analyses revealed that the association between short sleep duration, subjective sleep 

disturbances, and emotional stress with incident obesity was stronger in young and middle-age 

adults. Objective short sleep duration was not associated with a significantly increased risk of 

incident obesity.
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Conclusion—Self-reported short sleep duration in non-obese individuals at risk of developing 

obesity is a surrogate marker of emotional stress and subjective sleep disturbances. Objective short 

sleep duration is not associated with a significant increased risk of incident obesity. The detection 

and treatment of sleep disturbances and emotional stress should become a target of our preventive 

strategies against obesity.
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INTRODUCTION

An overwhelming 35% of adults from the United States general population are obese.1 

Obesity is associated with the development of type 2 diabetes mellitus, hypertension, heart 

disease, and dyslipidemia, among many other medical complications.2 Obesity’s etiology 

has being traditionally attributed to an imbalance between energy intake and expenditure. 

Therefore, both behavioral as well as endocrine-metabolic factors have been extensively 

studied as contributing to the development of obesity in the general population.

In the last decade, sleep-related factors, and particularly short sleep duration, have been 

proposed as novel factors explaining the obesity epidemic. Cross-sectional studies have 

shown that obese report shorter sleep duration as compared to non-obese.3 However, the 

longitudinal evidence has reported conflicting results regarding the association of subjective 

sleep duration and incident obesity in adults. Magee and Hale4 recently conducted a 

systematic review of longitudinal studies and concluded that there is no clear evidence 

supporting short sleep duration as a cause of obesity or weight gain in adults. The authors 

pointed to the lack of inclusion of appropriate confounding, mediating, and moderating 

variables in explaining the inconsistencies between studies. Furthermore, only one 

longitudinal study of those reviewed used objective measures of sleep (i.e., actigraphy) and 

did not find a significant association between short sleep duration and weigh gain.5 No study 

to date, however, has used polysomnography (PSG), the physiological “gold standard” 

method to assess sleep, to examine the relationship between sleep duration and the incidence 

of obesity.

We have previously suggested that the cross-sectional association between obesity and 

subjective short sleep duration is mediated by the presence of sleep complaints and 

emotional stress.6 In other words, obese individuals not only report shorter sleep duration 

but also a much higher prevalence of sleep difficulties and emotional stress. Given the high 

prevalence of obesity and of sleep difficulties (about 20%) in the general population,1,7 

linking these conditions may have a greater impact in the way we understand the 

relationship between sleep and obesity and in the way public health policies and intervention 

studies targeting sleep should be designed and implemented.

The aim of the present study was to examine the longitudinal association between subjective 

and objective short sleep duration with incident obesity in a large, general population 

sample. We hypothesized that the relationship between subjective short sleep duration and 

incident obesity is explained by the presence of sleep difficulties and emotional stress.

Vgontzas et al. Page 2

Int J Obes (Lond). Author manuscript; available in PMC 2014 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MATERIALS AND METHODS

Participants

The data presented here were collected as part of a population-based study of sleep 

disorders, which used a two-phase protocol in order to recruit participants from various age 

groups.7-9 In the first phase of the study, a sample of adult men and women (age ≥20 years) 

was randomly selected from local telephone households in two counties of Central 

Pennsylvania (Dauphin and Lebanon) using the Mitofsky-Waksberg two-stage random digit 

dialing procedure.10 A within-household selection procedure described by Kish11 was used 

to select the specific man or woman to be interviewed. Telephone interviews were 

conducted with 4,364 age-eligible men and 12,219 age-eligible women residing in the 

sample households, for a total sample of 16,583 with response rates of 73.5% and 74.1%, 

respectively. The questionnaire employed in this interview included basic demographic and 

sleep information. In the second phase of this study, a subsample of 741 men and 1,000 

women, selected randomly from those subjects previously interviewed by telephone, were 

studied in our sleep laboratory. The response rates for this phase were 67.8% and 65.8% for 

men and women, respectively. After giving a complete description of the study to the 

subjects, written informed consent was obtained.

Of the 1741 subjects who completed the comprehensive sleep evaluation, 1395 subjects 

were followed up after an average duration of 7.5 years (mean duration of 4.5 years for 

women and 10.5 years for men) via telephone interview. In the Penn State Cohort Study, 

men were recruited first and women 5 years later. This explains the five-year difference in 

the follow-up period between men and women. The response rate of the follow-up study was 

79.7%. However, if one considers that 215 subjects died between baseline and follow-up, 

then the response rate of those alive was 90.9%. After complete description of the follow-up 

study to the subjects, verbal informed consent was obtained. The entire study procedure was 

approved by the University’s Institutional Review Board. Figure 1 shows the participant 

flow in the study.

Key measurements

Each subject selected for laboratory evaluation completed a comprehensive sleep history and 

physical examination. All subjects were evaluated for one night in the sleep laboratory in 

sound-attenuated, light- and temperature-controlled rooms. During this evaluation, each 

subject was continuously monitored for eight hours (fixed-time period) using 16-channel 

polysomnography including electroencephalogram, electrooculogram, and electromyogram. 

Bedtimes were adjusted to conform to subjects’ usual bedtimes, and subjects were recorded 

between 22:00-23:00 and 06:00-07:00. The sleep recordings were subsequently scored 

independently, according to Rechtschaffen and Kales criteria.12 From the objectively 

recorded total sleep time data, we regrouped the entire study sample into ordinal groups of ≥ 

7 hours, 7-6 hours, 6-5 hours, and ≤ 5 hours of objective sleep duration.

Additional information obtained during the PSG included that assessing sleep apnea. 

Respiration was monitored throughout the night by use of thermocouples at the nose and 

mouth and thoracic strain gauges. All-night recordings of hemoglobin oxygen saturation 
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(SpO2) were obtained with an oximeter attached to the finger. Apnea was considered present 

if a breath cessation exceeded 10 seconds and each apnea was categorized in terms of 

obstructive (chest wall movement present) or central (chest wall movement absent). In 

addition, hypopnea was considered present when a reduction in airflow of approximately 

50% was indicated at the nose or mouth and was associated with a reduction of 4% arterial 

blood oxygen saturation.8,9 For the purpose of this study, the presence of SDB was defined 

as an obstructive apnea/hypopnea index (OHI) ≥ 5.

As part of the baseline evaluation during the telephone interview (phase 1), subjects were 

asked to report their height (ft) and weight (lb) and self-reported body mass index (srBMI) 

was calculated [srBMI = mass (lbs)/(height(ft))2 × 4.88]. As part of the physical 

examination during the subjects’ sleep laboratory visit at baseline (phase 2), height (cm) and 

weight (kg) were measured and objective body mass index (objBMI calculated [objBMI = 

mass (kg)/(height(m))2].

As part of this protocol we also assessed the presence of all sleep disorders, based on a 

standardized questionnaire completed by the subjects on the evening of their sleep 

laboratory visit. This questionnaire consists of 53 questions (7 demographic, 20 sleep-

related, and 26 general health questions). In addition, women responded to 8 questions 

related to menstrual history, menopause, and hormone therapy. We subjectively assessed 

sleep duration with the question “How many hours do you usually sleep at night?” recorded 

in hours. From the self-reported sleep duration data, we regrouped the entire study sample 

into ordinal groups of ≥ 7 hours, 7-6 hours, 6-5 hours, and ≤ 5 hours of subjective sleep 

duration. Sleep related questions were qualified in terms of severity on a scale of 0-3 (0 = 

none, 1 = mild, 2 = moderate, 3 = severe) and duration. The presence of sleep difficulty was 

established on three levels of severity. First, insomnia was defined by a complaint of 

insomnia (i.e., a positive response to the question “Do you feel you have insomnia?”) with a 

duration of ≥ 1 year. Second, poor sleep was defined as a moderate-to-severe complaint 

(based on a mild to severe scale) of difficulty falling asleep (“Do you have difficulty falling 

asleep?”), difficulty staying asleep (“Do you have difficulty staying asleep?”), early final 

awakening (“Do you wake up in the morning earlier than desired?”), or non-restorative 

sleep (“Do you still feel groggy and unrefreshed after morning awakening?”). Finally, 

normal sleep was defined as the absence of either of these two categories. In order to create 

three mutually exclusive categories, none in the poor sleep group reported having insomnia 

and none in the normal sleeping group reported either insomnia or poor sleep. The presence 

of excessive daytime sleepiness (EDS) was established based on a moderate-to-severe rating 

on either of the following two questions: “Do you feel drowsy or sleepy most of the day but 

manage to stay awake?” and “Do you have any irresistible sleep attacks during the day?”.

Additional information obtained from the standardized questionnaire included assessing 

physical health conditions, depression, and substance use. The presence of hypertension at 

baseline was defined as a diastolic blood pressure ≥ 90 mm Hg and/or a systolic blood 

pressure ≥ 140 mm Hg or use of antihypertensive medication. The presence of diabetes at 

baseline was defined as a self-report of being treated for diabetes or having a fasting blood 

sugar ≥126 mg/dl from blood drawn the morning after the subject’s PSG. We also 

ascertained at baseline whether the respondent was currently treated for depression, 
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including a history of suicidal thoughts or attempts. Participants’ daily consumption of 

caffeine (number of cups/day), tobacco (number of cigarettes/day), and alcohol (number of 

drinks/day) was also assessed.

The level of emotional stress was measured by the Minnesota Multiphasic Personality 

Inventory (MMPI-2).13 T scores with a mean of 50 and a standard deviation (SD) of 10 are 

generated for the eight major clinical scales. Scores ≥ 65 (1.5 SD above the mean) indicate a 

significant deviation from the original normal standardization pattern of responding and 

suggested an elevation at a clinically significant level.13

Follow-up measures taken through telephone interview included the standardized 

questionnaire that subjects completed at baseline during their sleep laboratory visit. Self-

reported height (ft) and weight (lbs) were also used to calculate self-reported BMI at follow-

up. Commensurate with the baseline definition, obesity at follow-up was defined by a self-

reported BMI ≥ 30. The reliable use of self-reported BMI was supported by the strong 

positive correlation found between baseline self-reported and objectively measured BMI (r 

= .88; p = .00001). Of the 1395 subjects who were followed-up, 815 did not have obesity at 

baseline and were selected for the present study. A total of 221 subjects were incident cases 

of obesity and 594 did not develop obesity at follow-up.

Statistical Analyses

For inference concerning general population, such as estimations and comparisons of the 

prevalence rates of individual and overall subjective sleep disturbances, weighted analyses 

were performed to take into account the oversampling of those more-at-risk for SDB 

individuals in the second phase of the Penn State Cohort Study.8,9,14 The four categories of 

sleep duration used were (1) ≤5; (2) 5-6; (3) 6-7; (4) ≥7 hours. Multivariable logistic 

regression models were used to assess the independent associations of subjective or 

objective sleep duration, sleep difficulty, and emotional stress with incident obesity, after 

adjusting for significant confounding factors. We calculated the odds ratios (OR) and the 

95% confidence intervals (95%CI) from these models to estimate the risk of incident obesity 

associated with the different predictors of interest, while simultaneously controlling for 

potential confounders. We report data regarding number of subjects (e.g., n) unadjusted and 

data referring to means, percentages, or degree of association (e.g., OR) adjusted for 

sampling weight. All analyses were conducted with IBM SPSS version 20.0 for Windows.

RESULTS

The overall incidence of obesity was 15.0%. Table 1 presents the demographic behavioral, 

and clinical characteristics of the entire sample and stratified by the presence of obesity at 

follow-up. After controlling for baseline BMI, women had a 2-fold risk for developing 

obesity as compared to men (p < .001) whereas middle-age (i.e., 41-59y) and young (i.e., ≤ 

40y) adults had a 4-fold (p < .001) and almost 2-fold (p < .05) risk, respectively, of 

developing obesity at follow-up as compared to older adults (i.e., ≥ 60y). Univariate 

analyses showed that race, diabetes, and sleep apnea were associated with a significantly 

increased risk of incident obesity; however, these associations became non-significant after 

adjusting for baseline BMI. We found a significant interaction between age and BMI on the 
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incidence of obesity so that for an increase of BMI by one unit the risk of incident obesity 

was greater among the younger individuals than in the older ones. We, therefore, controlled 

for the age by BMI interaction in our primary multivariable regression analyses and 

performed further secondary analyses stratified by age groups.

Table 2 presents the univariate association between mood, emotional stress, and sleep-

related factors with incident obesity. Depression was associated with a 2-fold risk of 

incident obesity, even after adjusting for baseline BMI (p < .05). Subjective short sleep 

duration (p < .05), poor sleep (p < .001), and emotional stress (p < .001) were all 

significantly associated with incident obesity. Among the elevated MMPI-2 scales, those 

related to depressed mood, anxiety, somatic complaints, emotional lability, and impulsivity 

were predominant in those individuals who developed obesity. Interestingly, insomnia and 

EDS were not significantly associated with incident obesity.

Three sets of multivariable logistic regression models examined the association of subjective 

or objective sleep duration, poor sleep, and emotional stress with incident obesity, after 

progressively adjusting for each other as well as for potential confounders. As shown in 

Table 3, the association between subjective short sleep duration and incident obesity became 

non-significant after controlling for poor sleep or emotional stress. In fact, poor sleep and 

emotional stress were independent predictors of incident obesity even after further 

controlling for gender, age, AHI, BMI, age by BMI interaction, and depression. Figure 2 

depicts the mediating and additive effects of poor sleep and emotional stress in the 

association of subjective sleep duration with incident obesity. As shown in Figure 2, poor 

sleepers who developed obesity reported the shortest sleep duration and the highest levels of 

emotional stress, whereas normal sleepers who developed obesity reported significantly 

higher levels of emotional stress as compared to normal sleepers who remained non-obese. 

Objective short sleep duration was not associated with an increased risk of incident obesity 

(Table 4). In fact, the apparent negative association between objective short sleep duration 

and incident obesity became non-significant after controlling for potential confounders. As 

shown in Figure 2, there was no relationship between objective sleep duration and incident 

obesity, which contrasts with the linear association of subjective sleep duration with incident 

obesity across groups.

As shown in Table 1, individuals who developed obesity gained significantly more weight 

than those who did not, which indicates that individuals who developed obesity were at a 

true increased risk of weight gain. Nevertheless, the findings presented above remained 

similar and in the same direction when the association between subjective and objective 

sleep duration, poor sleep and emotional stress with other outcomes of weight gain (i.e., 

absolute change in BMI, absolute weight gain, or percent weight gain) were examined. In 

summary, individuals who reported short sleep duration (p< .05), poor sleep (p < .01), or 

higher emotional stress (p < .01) were associated with higher absolute changes in BMI and 

body weight and were more likely to gain 10% of body weight as compared to those who 

reported normal sleep duration, no sleep complaints, or lower emotional stress. In contrast, 

objective short sleep duration was not associated with either higher absolute changes in BMI 

or body weight or higher likelihood of gaining 10% of body weight.
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In the analyses presented above, we systematically controlled for age, BMI, and their 

interaction. However, in order to better understand the role of sleep as a risk factor for 

incident obesity in young (i.e., ≤ 40y), middle-aged (i.e., 41-59y), and older adults (i.e., ≥ 

60y), we performed secondary analyses stratified by these age groups. We found that 

subjective short sleep duration, poor sleep, and emotional stress were strongly associated 

with incident obesity in both young and middle-aged adults. Consistent with the results 

shown in Table 3 for the entire sample, the association between subjective short sleep 

duration and incident obesity in young and middle-aged adults became non-significant after 

adjusting for poor sleep and emotional stress, which remained as significant predictors (p < .

01) after controlling for baseline BMI and other potential confounders. Interestingly, young 

and middle-aged adults differed in the contribution of other risk factors to incident obesity. 

Behavioral factors, such as smoking (p < .01), alcohol (p < .05), and caffeine (p < .05) 

consumption, as well as depression (p < .05) were significant predictors of incident obesity 

in young adults but not in middle-aged or older adults. Physical health problems such as 

diabetes, hypertension, and sleep apnea were significantly associated with the incidence of 

obesity in the middle-aged; however, the association between these physical problems and 

incident obesity in middle-age became non-significant after adjusting for baseline BMI. In 

older adults, female gender (p < .01) and poor sleep (p < .01) were significant predictors of 

incident obesity.

Given the significant association between female gender and incident obesity mentioned 

above, we also performed secondary analyses stratified by gender. We found that in men, 

poor sleep remained significantly associated with incident obesity (p < .05), whereas 

subjective short sleep duration and emotional stress were marginally associated (p = .054 

and p =.064, respectively). In women, we also found that the association between subjective 

short sleep duration and incident obesity became non-significant after adjusting for poor 

sleep; however, further adjustment for emotional stress indicated that it was the best single 

predictor (p < .01) of incident obesity in women. Objective short sleep duration was not 

significantly associated with incident obesity in either men (p = .609) or women (p = .451).

DISCUSSION

This is the first study to demonstrate that the longitudinal association between subjective 

short sleep duration and incident obesity, particularly in the young and middle-aged, is 

mediated by poor sleep and emotional stress and that objective short sleep duration does not 

predict the incidence of obesity. Our findings provide further evidence that subjective short 

sleep duration is a marker of sleep complaints and emotional stress in the general 

population, and that these factors should become the target of intervention studies aimed at 

preventing the development of obesity.

As reviewed by Magee and Hale,4 about 13 studies have longitudinally examined the 

association between sleep duration and subsequent weight gain or incident obesity in adults. 

Of those, 4 studies found a significant association between subjective short sleep duration 

and weight gain, 4 found a significant U-shape association in which both short (i.e., ≤ 5 

hours) and long (i.e., ≥ 9 hours) sleep duration were associated with weight gain, and 5 did 

not find a significant association between sleep duration and weight gain. Of note, only one 
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of those studies used objective measures of sleep (i.e., actigraphy) and did not find a 

significant longitudinal association between short or long sleep duration and obesity or 

weight gain.5 The authors noted that the inconsistent results of these studies may be due in 

part to lack of appropriate inclusion of confounding factors or examination of mediating or 

moderating effects.4 The present study addressed these issues by controlling for relevant 

confounding factors and examining mediating and moderating effects.

Consistent with some previous studies, we found that subjective short sleep duration is 

associated with incident obesity. However, after controlling for complaints of poor sleep and 

level of emotional stress the significant association between subjective short sleep duration 

and incident obesity disappeared. In fact, these two factors of poor sleep and emotional 

stress were strong predictors of incident obesity and played an additive role between each 

other. As shown in Figure 2, emotional stress was significantly associated with incident 

obesity in normal sleepers; however, it was in those with poor sleep and incident obesity that 

emotional stress was greatest and subjective sleep duration shortest. The significant 

interaction between age and premorbid BMI and the secondary stratified analyses revealed 

that the effects of emotional stress are stronger in the young and the middle-aged, while 

complaints of poor sleep are a predictor of incident obesity across all age groups. 

Furthermore, the results stratified by gender showed that the effect of emotional stress is 

stronger in women, while complaints of poor sleep are stronger predictors of incident 

obesity in men. Importantly, we did not find an independent association between objective 

short sleep duration and incident obesity in the overall sample or after stratifying by age or 

gender. These results are consistent with two previous studies that used actigraphy to 

examine the longitudinal association of sleep duration with weigh gain and obesity.5,15 

Together, these data provide further evidence that complaints of poor sleep and emotional 

stress, especially in the young and middle-aged, should be the focus of our research and 

clinical efforts in understanding the relationship between sleep and weight gain and obesity.

Interestingly, chronic insomnia was not significantly associated with an increased risk of 

incident obesity. There is accumulating evidence that chronic insomnia is a disorder of 

physiological hyperarousal, as suggested by increased activity of the hypothalamic-pituitary-

adrenal (HPA) axis and increased sympathetic activation.16,17,18 Interestingly, several 

studies have shown increased metabolic rate in chronic insomniacs as compared to normal 

sleepers.19 It is, therefore, plausible that non-obese chronic insomniacs may not be at risk 

for developing obesity due to their increased metabolic rate and greater energy consumption. 

Given that chronic insomnia in the non-obese is not a risk factor for incident obesity and that 

in our previous cross-sectional study we showed that chronic insomnia is more prevalent in 

obese than non-obese individuals,6 what is the explanation of the increased prevalence of 

chronic insomnia in obese? In previous longitudinal studies we have shown that obesity is a 

risk factor for incident chronic insomnia,20,21 which indicates that the increased prevalence 

of chronic insomnia in the obese is secondary to obesity. In conclusion, obesity is a risk 

factor for chronic insomnia but chronic insomnia is not a risk factor for incident obesity.

In contrast, the exact pathophysiology associated with “poor sleep” remains unknown. It is 

well-established in the literature that several disorders associated with emotional stress do 

not necessarily exhibit the same physiological perturbations (e.g., HPA axis activity and 
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metabolic rate). For example, major melancholic depression is associated with HPA axis 

hyperactivity and weight loss, whereas major atypical depression is associated with HPA 

axis hypoactivity and weight gain.22 Also, it has been shown that the HPA axis changes in 

animals prone to obesity (by consuming “comfort-food”) are different than the HPA axis 

alterations in stressed animals losing weight.23 In conclusion, the physiological mechanisms, 

including HPA axis changes, through which “poor sleep” leads to obesity are currently 

unknown and we hypothesize that they may be different than those associated with the 

pathophysiology of chronic insomnia.

Furthermore, EDS was not significantly associated with incident obesity. These data provide 

further evidence that EDS is a consequence of obesity rather than a premorbid risk factor for 

obesity.24-26 Moreover, our univariate analyses showed that non-obese sleep apneics are at 

significant risk of developing obesity but that this association disappeared after controlling 

for premorbid weight status (i.e., baseline BMI). It is plausible that there is a reciprocal 

interaction between obesity and sleep apnea and that metabolic abnormalities in obesity and 

sleep apnea are in a continuum.27,28 Our data, therefore, suggest that the presence of sleep 

apnea in overweight individuals leads to a natural disease progression towards obesity.

Some limitations should be taken into account when interpreting our results. First, incident 

obesity was defined by self-reported BMI because objectively measured BMI was not 

collected at follow-up. However, we found a strong positive correlation between self-

reported and objectively measured BMI at baseline (r = .88) and we controlled for 

objectively measured baseline BMI in our multivariable logistic regression models, all of 

which increase our confidence about the replicability of the present findings. In addition, 

controlling for change in BMI over time, instead of baseline BMI, did not affect our 

estimation of incident obesity risk associated with each of the predictors of interest. Finally, 

other large epidemiological studies have also used self-reports to ascertain incident 

obesity.3,4 Thus, the consistency of the present findings with those of cross-sectional and 

longitudinal studies on the lack of association of subjective short sleep duration with obesity 

once factors such as sleep complaints and emotional stress are controlled for,3,4,6 increases 

our confidence about the replicability of the present findings. Second, the objective sleep 

duration in this study was based on one night of fixed-time PSG, which may not be 

representative of the subjects’ ad-libitum habitual sleep duration and may be affected by 

rebound and/or first-night effects. The lack of measurement of habitual sleep duration does 

not allow addressing these limitations. We used the proposed criterion of ≥ 7 hours as the 

cutoff point for “normal” sleep duration to commensurate with previous studies on the 

association of subjective sleep duration with incident obesity. However, in large 

epidemiologic sleep studies, i.e., Sleep Heart Health Study, Coronary Artery Risk 

Development in Young Adults (CARDIA) or Penn State Adult Cohort, the average objective 

sleep duration is about 6 hours independent of whether sleep is recorded at home (SHHS), 

for three consecutive nights with actigraphy (CARDIA) or in the sleep laboratory (Penn 

State Adult Cohort). Third, we did not use standard diagnostic criteria to define insomnia. 

Four lines of evidence support the validity of our definitions of insomnia and poor sleep. 

First, all of those that identified themselves as chronic insomniacs reported one or more of 

the four nighttime symptoms used in the diagnosis of the disorder (i.e., difficulty falling 

asleep, difficulty staying asleep, early morning awakening, or non-restorative sleep). Thus, a 
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group of chronic insomniacs without sleep difficulties, which would indicate 

misclassification, does not exist. Second, the prevalence estimates in the Penn State Cohort 

using these definitions are similar to those of other population-based studies where insomnia 

syndrome and insomnia symptoms are defined as two mutually exclusive groups.7, 29 Third, 

in our previous studies, chronic insomnia was strongly associated with increased risk of 

hypertension, diabetes, and neurocognitive impairment and mortality, whereas the 

association of poor sleep was much smaller or non-significant.30 Fourth, in our and others’ 

previous studies chronic insomnia/insomnia syndrome was associated with a persistent 

course, 31,32 whereas poor sleep was more likely to remit and only about 1 out 5 poor 

sleepers developed chronic insomnia.21,32 These findings give further support to the face, 

construct, and predictive validity of the definitions used. Fourth, the lack of sleep duration 

data at follow-up precludes any analyses on the trajectory and longitudinal course of sleep 

duration, which is expected to decline with age. Nevertheless, the consistency of our 

findings with those of two previous studies using objective sleep measures in middle-aged 

samples, i.e., actigraphy,5,15 increases our confidence about the replicability and 

generalizability of the present findings. Future studies should examine the association 

between sleep duration, sleep complaints, emotional stress, and obesity or weight gain using 

multiple PSG recordings and time points.

In summary, subjective short sleep duration in young and middle-aged non-obese 

individuals at risk of developing obesity is a surrogate marker of emotional stress and sleep 

complaints. Given the high prevalence of poor sleep in the general population and the 

association of emotional stress with obesity, their detection and appropriate management 

should become the target of public health policy and clinical trials.
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Figure 1. 
Participants’ flow in the study.
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Figure 2. Subjective Sleep Duration and Incident Obesity: Role of Poor Sleep and Emotional 
Stress
Figure 2 depicts the additive effect of poor sleep and emotional stress on incident obesity 

and their role in mediating the association between shorter subjective sleep duration and 

incident obesity. Individuals with poor sleep who developed obesity reported the shortest 

sleep duration and the highest levels of emotional stress at baseline. All data adjusted for 

gender, race, age, diabetes, hypertension, AHI, and baseline BMI.

Vgontzas et al. Page 14

Int J Obes (Lond). Author manuscript; available in PMC 2014 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vgontzas et al. Page 15

Table 1

Sociodemographic, Behavioral, and Clinical Factors Associated with Incident Obesity

Incident Obesity

All
(n = 815)

No
(n = 594)

Yes
(n = 221) OR (95%CI)

Sex

 Male, % 50.5 85.2 14.8 1.0

 Female, % 49.5 85.1 14.9 2.15 (1.45-3.17)***,a

Race

 Caucasian, % 94.7 85.8 14.2 1.0

 Non-Caucasian, % 5.3 70.7 29.3** 1.31 (0.67-2.55)a

Age, years 48.9 (13.4) 49.2 (13.5) 46.8 (12.7)* 0.95 (0.94-0.97)***,a

 ≥ 60, % 22.6 88.0 12.0 1.0

 41-59, % 48.8 84.7 15.3 4.15 (2.35-7.32)***,a

 ≤ 40, % 28.5 83.6 16.7 1.84 (1.12-3.01)*,a

Baseline BMI, kg/m2 24.6 (2.8) 24.1 (2.6) 27.3 (2.2)*** 1.74 (1.59-1.90)***

 < 25, % 51.6 95.3 4.7 1.0

 ≥ 25, % 48.4 74.1 25.9*** 7.04 (4.57-10.8)***

Follow-up BMI, kg/m2 26.1 (3.7) 25.0 (2.8) 32.2 (2.2)** ---

 < 25, % 39.3 --- --- ---

 ≥ 25, % 45.7 --- --- ---

 ≥ 30, % 15.0 --- --- ---

Change in BMI, kg/m2 1.5 (2.6) 0.9 (1.9) 4.9 (2.9)*** 2.19 (1.95-2.45)***

Baseline weight, kg 72.8 (12.6) 71.5 (12.1) 80.6 (12.8)*** 1.06 (1.04-1.07)***

Follow-up weight, kg 76.5 (14.3) 73.5 (12.1) 94.2 (13.5)*** ---

Change in weight, kg 3.7 (7.5) 2.0 (5.6) 13.6 (9.2)*** 1.29 (1.24-1.34)***

Change in weight, % 5.4 (10.4) 3.3 (8.1) 17.9 (13.2)*** ---

 ≥ 10, % 26.0 18.0 73.0*** 11.2 (7.71-16.3)***

Caffeine, cup/day 2.4 (2.9) 2.3 (2.8) 2.6 (3.3) 1.04 (0.98-1.09)

  None, % 32.2 85.5 14.5 1.0

  ≥ 1 cup/day, % 67.8 84.9 15.1 1.05 (0.74-1.50)

Cigarettes, n/day 4.3 (11.0) 4.6 (11.5) 3.0 (7.2) 0.98 (0.96-1.00)

  None, % 77.9 84.6 15.4 1.0

  ≥ 1/day, % 22.1 86.5 13.5 0.86 (0.57-1.29)

Alcohol, drink/day 1.3 (6.1) 1.3 (6.5) 0.9 (2.6) 0.98 (0.93-1.03)

 None, % 72.1 84.0 16.0 1.0

  ≥ 1 drink/day, % 27.9 88.1 11.9 0.72 (0.49-1.06)

Diabetes

 No, % 90.7 85.7 14.3 1.0

 Yes, % 9.3 78.8 21.2 0.66 (0.37-1.17)a
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Incident Obesity

All
(n = 815)

No
(n = 594)

Yes
(n = 221) OR (95%CI)

Hypertension

 No, % 69.3 86.0 14.0 1.0

 Yes, % 30.7 83.0 17.0 0.81 (0.55-1.21)a

*
p ≤ .05;

**
p ≤ .01;

***
p ≤ .001;

a
adjusted for baseline BMI
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Table 2

Mood, Stress, and Sleep Factors Associated with Incident Obesity

Incident Obesity

All
(n = 815)

No
(n = 594)

Yes
(n = 221) OR (95%CI)

Depression

 No, % 86.0 85.8 14.2 1.0

 Yes, % 14.0 80.8 19.2 1.94 (1.16-3.23)*,a

Emotional Stress

  MMPI-2 elevations, # 0.7 (1.3) 0.6 (1.2) 1.2 (1.7)** 1.48 (1.27-1.72)***

  1-Hs elevated, % 18.0 16.0 27.0* 1.73 (1.11-2.69)*

  2-D elevated, % 9.0 8.0 16.0** 2.22 (1.31-3.77)**

  3-Hy elevated, % 9.0 8.0 13.0* 1.95 (1.13-3.38)*

  4-Pd elevated, % 10.0 8.0 20.0*** 2.75 (1.66-4.56)***

  6-Pa elevated, % 7.0 6.0 13.0** 2.62 (1.46-4.71)**

  7-Pt elevated, % 8.0 8.0 8.0 1.05 (0.54-2.03)

  8-Sc elevated, % 6.0 5.0 10.0 1.88 (0.96-3.70)

  9-Ma elevated, % 5.0 4.0 11.0** 2.35 (1.17-4.74)*

  0-Si elevated, % 8.0 8.0 11.0 1.42 (0.78-2.59)

Sleep Difficulty

 Normal Sleep, % 75.0 86.7 13.3 1.0

 Poor Sleep, % 18.9 77.1 22.9** 1.92 (1.31-2.80)**

 Insomnia, % 6.1 89.9 10.1 0.69 (0.30-1.58)

Apnea/Hypopnea Index 1.8 (5.8) 1.4 (4.8) 3.4 (9.4)*** 1.01 (0.99-1.04)a

 AHI < 5, % 91.1 85.9 14.1 1.0

 AHI ≥ 5, % 8.9 77.6 22.4* 1.07 (0.61-1.87)a

Excessive Daytime Sleepiness

 No, % 94.2 85.6 14.4 1.0

 Yes, % 5.8 76.9 23.1 1.28 (0.64-2.59)a

Subjective Sleep Duration, hrs 7.0 (1.2) 7.0 (1.2) 6.6 (1.2)* 0.84 (0.73-0.97)*

  ≥ 7 h, % 61.9 86.8 13.2 1.0

  6-7 h, % 8.0 84.8 15.2 1.19 (0.62-2.29)

  5-6 h, % 21.9 84.8 15.2 1.18 (0.76-1.83)

  ≤ 5 h, % 8.2 75.3 24.7** 2.18 (1.25-3.78)**

Objective Sleep Duration, hrs 5.9 (1.2) 5.9 (1.2) 6.1 (1.1)* 1.18 (1.02-1.37)*

  ≥ 7 h, % 17.4 83.5 16.5 1.0

  6-7 h, % 37.2 83.8 16.2 1.00 (0.62-1.57)

  5-6 h, % 22.7 83.7 16.3 1.00 (0.60-1.65)

  ≤ 5 h, % 22.7 89.7 10.3* 0.57 (0.33-0.99)*

*
p ≤ .05;
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**
p ≤ .01;

***
p ≤ .001;

a
adjusted for baseline BMI; 1-Hs = hypochondriasis; 2-D = depression; 3-Hy = hysteria; 4-Pd = Psychopathic deviate; 6-Pa = Paranoia; 7-Pt = 

psychasthenia; 8-Sc = schizophrenia; 9- Ma = Hypomania; 0-Si = social introversion
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