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Abstract
Background Shortened sleep duration causes hormonal and
metabolic changes that favor fat accumulation and weight
gain. Obesity, in turn, may reduce sleep quality and
contribute to sleep loss. The purpose of this study was to
evaluate the sleep durations of individuals with morbid
obesity, compared to their nonobese counterparts, and to
determine the effects of surgical weight reduction on sleep
duration and sleep quality.
Methods The study population included 45 bariatric (BA)
surgical patients (mean body mass index [BMI]=49) and 45
gender-matched nonobese controls (NC; BMI=24). Self-
reported sleep durations were obtained and overall sleep
quality was assessed using the Pittsburgh Sleep Quality
Index (PSQI).
Results The data show that average sleep durations of the
preoperative BA patients were significantly (p<0.0001) less
than those of the NC, i.e., 6.0 and 7.2 h, respectively. Sleep
loss for the BA patients was associated with poor sleep
quality, along with an increased frequency of conditions
that interfere with sleep, including coughing and snoring,
difficulty breathing, feeling too hot, and experiencing pain.
Overall, 78% of the BA patients, compared to 36% of the
NC, had PSQI scores indicative of poor sleep quality.
Surgery after 3 to 12 months resulted in significant (p<
0.0001) weight loss (percentage total change in BMI=34)
and improved sleep quality, i.e., PSQI=8.8 preoperatively
vs. 4.6 postoperatively. Sleep durations increased signifi-
cantly (p<0.0001) post-surgery from 6.0 to 6.8 h.

Conclusions Individuals with extreme obesity, compared to
the nonobese, obtain less sleep and experience poorer sleep
quality. Bariatric surgery improves sleep duration and
quality.
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Introduction

Sleep durations have progressively declined over the last
several decades [1]. Recent data show that many Americans
are sleeping for 6 h/day or less [2]. Shortened sleep
duration increases the risk for all-cause mortality and a
number of diseases, including obesity [3]. Studies find that
adults who sleep for <7 h/day are at increased risk for
obesity and weight gain over time [1, 3–9] and may lose
less weight while on a diet [10].

Mechanisms responsible for the link between sleep loss
and obesity are unclear. Investigators find that shortened sleep
duration is associated with a number of hormonal changes that
favors fat accumulation, including an increase in ghrelin, a
reduction in leptin and in the ratio of leptin to ghrelin, an
increase in evening cortisol, reduced insulin sensitivity, a
decrease in growth hormone, and among certain ethnicities, a
decline in adiponectin [1, 2, 11–18]. Altogether, such
changes increase appetite, reduce energy expenditure, and
alter fat metabolism in a manner that increases adiposity. In
these ways, sleep loss contributes to weight gain and obesity.
Obesity, in turn, causes physical, emotional, and environ-
mental conditions that interfere with sleep quality and
duration, setting in motion a vicious cycle whereby sleep
loss “begets” obesity and obesity “begets” sleep loss.

For the bariatric (BA) patient, sleep loss may not only
contribute to obesity progression and associated comorbid-
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ities prior to surgical intervention but also interfere with
maximal weight loss success and long-term maintenance.
To our knowledge, there are no studies of sleep duration
and associated intervening factors in BA patients prior to or
following surgical weight reduction. The purpose of this
study was (1) to evaluate the sleep durations of morbidly
obese surgical candidates and their nonobese controls (NC)
and (2) to determine the effects of surgical weight reduction
on sleep duration and factors contributing to sleep quality.

Methods

Study Subjects

The study population included BA patients with morbid
obesity and their gender-matched NC. The BA participants
were selected at random from the patient population of
Florida Hospital Celebration Health Metabolic Medicine and
Surgery Institute. The BA population included 45 patients
(35 females/10 males) with a mean weight of 135.8 kg and
an average body mass index (BMI)=48.5. The NC
population included 45 nonobese participants (35 females/
10 males) with a mean weight of 71 kg and BMI=24. There
were no significant differences in age between the study
populations, i.e., 45.8±2.0 and 41.0±2.4 years for the BA
and NC groups, respectively. The study was approved by the
Florida Hospital Institutional Review Board.

Overall Study Design

Sleep duration and quality of the BA patients were
determined before and 3 months to 1 year after bariatric
surgery. Surgery procedures included Roux-en-Y gastric
bypass (n=32) or sleeve gastrectomy (n=13). Weight loss
was expressed as percentage total change in BMI.

Methodology

Sleep duration was obtained and sleep quality was assessed
by the Pittsburgh Sleep Quality Index (PSQI) [19]. The data
collected included height, preoperative weight, postopera-
tive weight, BMI, sleep duration, time to fall asleep, a series
of causative factors leading to disruptive sleep, and
additional questions concerning conditions associated with
poor sleep quality. Sleep interruptions were scored accord-
ing to frequency of occurrence over the course of 1 week, i.
e., zero times, once, twice, three times, or more. Causative
factors leading to sleep disruption included the following:
(1) having trouble falling asleep within 30 min of going to
bed, (2) waking up in the middle of the night or early
morning and not being able to go back to sleep, (3) having
to get up to use the restroom, (4) having difficulty

breathing, (5) coughing or snoring loudly, (6) feeling too
cold, (7) feeling too hot, (8) having bad dreams, and (9)
experiencing pain. Conditions associated with poor sleep
quality included frequency of the use of sleep medications,
of daytime drowsiness, and of difficulty in keeping up
enthusiasm. Perceived sleep quality was rated by subjects
as “very good,” “fairly good,” “fairly bad,” and “very bad.”
These subjective scales were weighted to obtain a global
PSQI score that differentiates between “good” and “poor”
quality of sleep. A global PSQI score of 5 or greater is
considered “poor” quality.

Statistical Analysis

Comparative data is reported as the mean±standard error of
the mean. Unpaired Student’s t tests were used to determine
differences between values for BA patients and NC, and
paired t tests were used to identify differences between
preoperative and postoperative values. Simple and multiple
regression analyses were used to assess the relationships
between variables and to explain or predict a dependent
variable. Chi square (χ2) was used for the assessment of
categorical data. All statistical tests were two-sided at the
0.05 significance level. Statistical analyses were conducted
using the SAS statistical software (SAS, Cary, NC, USA).

Results

The differences between the total sleep durations of the
preoperative BA patients and their leaner counterparts are
illustrated in Fig. 1a. Sleep durations of the preoperative
patients were significantly less than those of the NC, i.e.,
means=6.0 and 7.2 h, respectively. Among the BA patients,
71% slept for durations of <7 h, in comparison to 39% of the
NC. BA patients and NC who slept <7 h weighed more and
were more likely to have poor quality of sleep (higher PSQI
scores) than their respective counterparts whose sleep
durations were 7 h or longer (data not shown). Sleep
durations of all study participants were inversely and
significantly correlated to BMI and to PSQI scores (see
Table 1). Both sleep quality (PSQI scores) and BMI of the
combined populations were, according to multiple regression
analyses, independent predictors of sleep duration, i.e., PSQI
scores (p<0.0001) and BMI (p=0.0060), and accounted for
45% of the variability in sleep duration (R2=0.45, p<
0.0001).

The difference between sleep quality of the BA patients
and that of the controls is illustrated by Fig. 1b. Poor sleep
quality, according to the criteria established by the PSQI, is a
score of 5 or greater. The low PSQI scores of the BA and NC
groups occurred in association with significant differences in
the frequency of occurrence of a number of conditions
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associated with poor sleep quality, as reported in Table 2.
These included, among the BA patients, a significantly
greater (χ2 p value≤0.05) frequency of occurrence of the
following causative factors of sleep disruption: difficulty
breathing, coughing or loud snoring, feeling too hot, and
experiencing pain. The BA vs. NC subjects were also more
likely to be on sleep meds (χ2 p value=0.004) and to have
greater difficulty keeping up enthusiasm (χ2 p value=0.011).
In addition, a greater percentage (44%) of BA patients
perceived their overall sleep quality to be poor in comparison
to the NC subjects (12%; Fig. 2a, b).

Three to 12 months following surgery, patients lost an
average of 45 kg body weight, with no difference between
operative procedures (p>0.05). Post-surgery “perceived”
sleep quality improved, as illustrated by the greater

percentage of individuals who rated their quality of sleep
as “very good” or “fairly good” (see Fig. 2c). Bariatric
surgery also led to significant (χ2 p value≤0.05) improve-
ment in the frequency of occurrence of conditions that are
associated with or cause disruptions of sleep quality
(Table 2). Postoperatively, patients reported being more
enthusiastic (χ2 p value=0.01) and had a tendency (χ2 p
value=0.06) to require fewer sleep medications.

The reduced frequency of conditions associated with or
causing sleep interruptions with weight loss surgery resulted
in a highly significant improvement in sleep quality,
according to the composite PSQI scores. As seen in
Fig. 3a, overall PSQI scores declined from a mean of 8.8
before surgery to 4.6 after surgery. Changes in PSQI
postoperatively were not significantly (p>0.05) associated
with surgery-induced changes in BMI, i.e., r=0.11. Howev-
er, changes in PSQI were significantly (p<0.01) and
inversely correlated (r=−0.49) to improvements in sleep
duration (data not shown).

As seen in Fig. 3b, sleep durations increased significantly
(p<0.0001) following surgery. Sleep duration increased from
a mean of 6.0 h preoperatively to 6.8 h postoperatively.
Whereas only 29% of patients obtained seven or more hours
of sleep prior to surgery, 66% slept for seven or more hours
following surgery. Patients who reported sleeping for seven
or more hours, compared to those who slept for <7 h, had
significantly (p<0.0001) better sleep quality scores, i.e., 2.70
vs. 7.30, respectively. Changes in both PSQI scores and BMI
with surgery were, according to multiple regression analyses,

Fig. 1 Sleep duration (a) and quality (b). Sleep durations (total hours)
and overall quality, assessed by the PSQI, are compared between
preoperative bariatric (BA) patients and their nonobese controls (NC)

Table 1 Correlates of sleep duration in the BA, NC, and combined
study groups

Sleep duration vs

BMI (r=) PSQI (r=)

BA 0.50* 0.59*

NC 0.30** 0.41*

Combined 0.59* 0.62*

*p<0.01; **p<0.05

Table 2 Differences in frequencies of sleep quality factors

Contributor BA vs. NC Preoperatively
vs. postoperatively

χ2 p value=

Take >30 min to fall asleep 0.85 (NS) 0.04*

Wake up at night
or early morning

0.58 (NS) 0.01*

Have to get up to use bathroom 0.23 (NS) 0.01*

Cannot breath comfortably 0.005* <0.001*

Cough or snore loudly 0.008* <0.001*

Feel too cold 0.53 (NS) 0.33 (NS)

Feel too hot 0.03* <0.0001*

Have bad dreams 0.63 (NS) 0.03*

Experience pain 0.002* 0.02*

Use of sleep meds 0.004* 0.07 (NS)

Experience daytime drowsiness 0.60 (NS) 0.28 (NS)

Have trouble keeping
up enthusiasm

0.001* 0.01*

*Significant difference in frequencies of occurrence (none, once, twice,
≥3 times per week) between BA patients vs. NC and preoperatively vs.
postoperatively
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independent predictors of postoperative improvement in
sleep duration, i.e., change in PSQI (p=0.0066) and change
in BMI (p=0.0285), and accounted for 35% of the variability
in sleep duration (R2=0.35, p=0.0059).

Discussion

Our data show that sleep duration among BA patients is
considerably less than that of individuals who are non-
obese. BA patients prior to surgery obtained an average of
6 h of sleep per day. Such sleep durations are more than an
hour less than those of their nonobese counterparts who
slept for an average of 7.2 h. Sleep durations of the BA
patients, of the NC, or of the combined groups were
significantly and inversely associated with body size, such
that individuals with the least amount of sleep were most
likely to be overweight or obese. These findings are in
agreement with a number of epidemiological studies that
have reported associations between shortened sleep dura-
tion and a higher incidence of overweight and obesity [1,
3–9] among individuals of varying body sizes, socioeco-
nomic status, age, and ethnicity.

According to epidemiological reports, the lowest risk for
obesity occurs with a sleep duration of 7 to 8 h, and amounts

Fig. 2 Perceived sleep quality
ratings of bariatric (BA) patients
preoperatively (a), nonobese
controls (NC) (b), and BA
patients postoperatively (c). χ2 p
value<0.01 a vs. b and b vs. c

Fig. 3 Comparisons between preoperative (pre-op) and postoperative
(post-op) sleep quality (PSQI global scores; a) and sleep durations
(total hours; b)

OBES SURG (2012) 22:890–895 893



of sleep that are <7 h are inversely correlated to body size
(body weight, BMI, or percent body fat). One large cross-
sectional population study (NHANES I) [5] found that people
who sleep 4 h or less are 73% more likely to be obese than
those who sleep for 7 to 9 h; individuals who obtain 5 h of
sleep are 50% more likely to be obese; and people sleeping
for 6 h have a 23% greater chance of obesity. Prospective
studies have also found that sleeping for <7 h increases the
risk for significant weight gain and fat accumulation over
time [5–9]. A recent report, for instance, found that
individuals who sleep between 5 and 6 h, compared to those
who get 7 to 8 h, are 35% more likely to gain at least 5 kg of
additional weight over the course of a 6-year period [9]. As
regards these findings, it is of interest that a significantly
large percentage of the extremely obese BA patients in the
present study reported sleeping for durations of only 5 to 6 h.

The link between sleep loss and obesity has not been clearly
delineated. Sleep restriction contributes to obesity, in part, by
affecting changes in neuroendocrine regulation of appetite and
energy expenditure. Population and controlled laboratory
studies find with sleep loss an increase in production of the
gut hormone, ghrelin, and decease in the adipose tissue product,
leptin [1, 3, 11–18]. Ghrelin stimulates appetite and food
consumption and reduces energy expenditure and fat oxida-
tion. Leptin, a product of adipose tissue, has actions opposite
to those of ghrelin on appetite and energy expenditure. Data
[11] show that shortened sleep duration, even for brief periods
(2 days), reduces the ratio of leptin to ghrelin, along with an
increase in hunger, appetite, and cravings for calorie-dense
high-carbohydrate foods (cake, candies, cookies, bread, pasta,
and chips).

A reduced leptin-to-ghrelin ratio with sleep loss may also
contribute to the expansion of adipose tissue and other
hormonal and metabolic changes that occur with sleep
restriction, including a reduction in insulin sensitivity, an
increase in cortisol, a decrease in growth hormone, and in
some ethnicities, a decline in adiponectin [1, 3, 11–18]. Thus,
changes in hormone status and neuroendocrine regulation of
appetite and energy expenditure may help to explain, in part,
the link between sleep loss and obesity found in the present
study and in numerous other reports.

Although sleep loss contributes to obesity, the reverse is
also true, obesity causes sleep loss. Obesity produces a
number of psychological and physical conditions that may
interfere with sleep quality and duration. Physical disrup-
tors of sleep duration may include difficulty breathing,
coughing, snoring, body temperature dysregulation, urinary
incontinence, pain, and more. In the present study, BA
patients, compared to their nonobese counterparts, were
reported having a greater frequency of occurrence of
physical disruptors of sleep, contributing to poor overall
sleep quality as assessed by their scores on the PSQI. Both
sleep quality (PSQI scores) and degree of obesity were,

according to multiple regression analyses, independent
predictors of sleep duration.

Bariatric surgery produced massive weight loss and sleep
quality dramatically improved. PSQI scores declined by nearly
50% post-surgery, along with highly significant reduction in
the frequency of conditions causing sleep disruption. Such
changes in overall sleep quality and associated sleep disruptors
improved patients’ length of sleep by amean duration of nearly
an hour. The increase in sleep duration with surgery was
significantly associated with surgery-related improvements in
sleep quality and weight reduction.

A major limitation of this study is that a greater variety
of potential predictors of sleep duration were not measured.
Emotional or psychological status, for instance, may have
contributed to sleep loss. Studies find that depression,
anxiety, and poor quality of life are relatively common
among bariatric surgical candidates [20–22] and these
conditions adversely affect sleep quality and duration [23–
25]. Surgery is associated with highly significant improve-
ment in quality of life and overall psychological status for
most BA patients [20–22], and these improvements may
have contributed significantly to the greater sleep duration
and quality of our bariatric population post-surgery.

Physical disruptors of sleep associated with obesity not
evaluated by the PSQI could also have adversely affected
sleep measures in our bariatric population. Potential effectors
of sleep quality and duration worsened by obesity and
improved by surgical weight loss include gastroesophageal
reflux disease, gastritis, asthma, and other obesity comorbid-
ities. Further investigations are in order to identify and
determine the role of such physical and psychological
conditions on sleep quality and duration before and after
bariatric surgery.

Conclusion

In summary, sleep loss causes hormonal and metabolic
changes that may result in weight gain and obesity. Weight
gain and obesity, in turn, may cause physical and emotional
conditions that interfere with sleep quality and shorten
sleep duration. Bariatric surgical candidates have shortened
sleep duration in association with a number of physical and
emotional conditions that interfere with sleep quality.
Surgical weight loss causes highly significant improvement
in sleep quality in association with greater sleep duration.
Such changes in sleep duration may play a role in the
weight loss success of bariatric surgeries.
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