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Abstract

Objective—To examine the effect of weight loss on sleep duration, sleep quality, and mood in 

390 obese men and women who received one of three behavioral weight loss intervention in the 

Practice-based Opportunities for Weight Reduction trial at the University of Pennsylvania 

(POWER-UP).

Methods—Sleep duration and quality were assessed at baseline and months 6 and 24 by the 

Pittsburgh Sleep Quality Index (PSQI) questionnaire and mood by the Patient Health 

Questionnaire-8 (PHQ-8). Changes in sleep and mood were examined according to treatment 

group and based on participants’ having lost ≥5% of initial weight vs <5%.

Results—There were few significant differences between treatment groups in changes in sleep or 

mood. At month 6, however, mean (±SD) min of sleep increased significantly more in participants 

who lost ≥5% vs <5% (21.6±7.2 vs 1.2±6.0 min, p=0.0031). PSQI total scores similarly improved 

(declined) more in those who lost ≥5% vs <5% (−1.2±0.2 vs −0.4±0.2, p < 0.001), as did PHQ 

scores (−2.5±0.4 vs −0.1±0.3, p <0.0001). At month 24, only the differences in mood remained 

statistically significant (p < 0.05).

Conclusion—Losing ≥ 5% of initial weight was associated with short-term improvements in 

sleep duration and sleep quality, as well as favorable short- and long-term changes in mood.
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INTRODUCTION

Weight loss of 5–10% of initial weight is associated with improvements in risk factors for 

cardiovascular disease (CVD).1,2 The Look AHEAD trial, for example, found that weight 

loss of this magnitude, achieved with a behavioral intervention, was associated with 

improvements in glycemic control, blood pressure, triglyceride levels, and HDL 

cholesterol.1 It was also associated with reductions in symptoms of depression and in the 

risk of future depression (as assessed over 8 years of follow up).3 Findings of reduced 

symptoms of depression confirm results of earlier behavioral weight loss studies,4–7 and are 

important because depression is an independent risk factor for CVD morbidity and 

mortality.8–11

Weight loss may also be associated with improvements in sleep duration and quality, as 

shown by studies by Verhoef et al12 and Chaput et al,13 respectively, in patients who lost 

approximately 5–10% of initial weight with behavioral interventions. Furthermore, studies 

have shown that reduced sleep, defined as an average of less than 7 hours per night, is 

associated with an increased risk of both obesity and CVD.14–18 Gangwicsh et al15 for 

example, examined the National Health Examination Survey (NHANES) and found that 

individuals (32–49 yr of age) who reported sleep duration of less than 7 hours per night had 

a higher average body mass index (BMI) and were more likely to be obese than were 

individuals who reported ≥7 hours of sleep. Grander et al16 found that short sleep duration 

was associated with increased risk of hypertension, diabetes, and hyperlipidemia.

Given that the aforementioned studies which examined weight loss and changes in mood 

involved intensive behavioral intervention, it is unclear whether a less intensive behavioral 

weight loss program, delivered in primary care practice, would have a similarly favorable 

effect on sleep and mood. We examined this issue using data from the Practice-based 

Opportunities for Weight Reduction trial at the University of Pennsylvania (POWER-UP), 

which provided moderate intensity (i.e., monthly) brief counseling visits to obese patients in 

primary care practice.19 Two-year changes in weight in this randomized trial have been 

reported previously and ranged from 1.7 to 4.6 kg across three different interventions.19 The 

present study evaluated changes for the three groups in sleep duration and sleep quality, as 

measured by the Pittsburgh Sleep Quality Index (PSQI),20,21 as well as changes in mood, as 

assessed by the Patient Health Questionnaire-8 (PHQ-8).22 We also examined changes in 

sleep and mood based on achievement of a 5% or greater reduction in initial weight, 

regardless of participants’ original group assignment. In addition, we assessed categorical 

changes in both sleep (i.e., a change from <7 hours to 7–8 hours per night) and depression 

(i.e., a change from mild or greater symptoms of depression to no/minimal symptoms) to 

determine the percentage of participants who experienced clinically meaningful changes in 

these conditions with a loss ≥5% of initial weight.

MATERIALS AND METHODS

Participants

Participants were 390 obese men and women who were recruited from six primary care 

practices in the University of Pennsylvania Health System, described previously.19 Inclusion 
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criteria included age ≥21 years, body mass index (BMI) of 30–50 kg/m2, and at least two 

components of the metabolic syndrome. Exclusion criteria included comorbid illnesses that 

could be complicated by weight loss, severe psychiatric illness, high blood pressure (defined 

≥160/100 mm Hg), the presence of recent cardiovascular disease, use of medications known 

to affect body weight, substance abuse, weight loss ≥5% in the prior 6 months, and 

participation in a weight loss program or prior or planned bariatric surgery.19

Interventions

Participants were randomly assigned to one of three interventions: 1) Usual Care; 2) Brief 

Lifestyle Counseling; or 3) Enhanced Brief Lifestyle Counseling. As described previously,19 

participants in all three groups were prescribed the same diet and physical activity goals but 

received different amounts of behavioral support to reach these targets. Individuals who 

weighed <113.6 kg were prescribed a balanced diet of 1200–1500 kcal/day, with 1500–1800 

kcal/day for those who weighed ≥113.6 kg. The diet recommended 15–20% kcal from 

protein, 20–35% from fat, and the remainder from carbohydrate. All participants were 

instructed to gradually increase their physical activity to 180 min per week and were given a 

pedometer, a calorie counting book,23 and handouts from Aim for a Healthy Weight, 

published by the National Heart, Lung, and Blood Institute (NHLBI).24

During the 2-year intervention, participants assigned to Usual Care had brief (10–15 min) 

quarterly visits with their primary care provider (PCP), at which they reviewed their health 

status, as well as handouts from Aim for a Healthy Weight. PCPs did not provide specific 

suggestions for behavior change (e.g., keeping food or physical activity records). 

Participants in the Brief Lifestyle Counseling group (Brief LC) had the same quarterly PCP 

visits, plus monthly10–15 min meetings with an auxiliary health care provider, typically a 

medical assistant (MA), who delivered behavioral counseling following an adapted version 

of the Diabetes Prevention Program (DPP).2,19 Participants were instructed to keep daily 

food and activity records, which they reviewed with MAs at monthly visits. Individuals in 

Enhanced Brief Lifestyle Counseling (Enhanced Brief LC) received the same intervention as 

those in Brief LC but, in consultation with their PCPs, added either meal replacements or a 

weight loss medication (orlistat or sibutramine) to their regimen in order to increase weight 

loss. (After sibutramine was removed from the market in October 2010 because of its 

association with cardiovascular disease, participants on this medication chose either orlistat 

or meal replacement.25 This switch was also offered when the Food and Drug 

Administration first issued an alert regarding sibutramine’s safety in November 2009.) 

Participants in Enhanced Brief LC were allowed to change their choice of enhancements 

(i.e., meal replacements or medication) but were not allowed to use two enhancements at the 

same time. Individuals who chose meal replacements replaced two meals and one snack 

daily with liquid shakes or meal bars (provided by SlimFast). All enhancements were 

provided free of charge.

Outcomes and Measurements

Sleep duration and quality were assessed by the PSQI questionnaire, which was 

administered at baseline and months 6 and 24. The PSQI contains 19 questions which 

evaluate (for the prior month) sleep duration and quality, sleep latency, habitual sleep 
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efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. The sum of 

the component scores yields a global maximum score of 21. A total PSQI score greater than 

5 indicates poor sleep.20 We used self-reported hours of actual sleep (rather than time in 

bed) to assess sleep duration; we did not count nap time, and we defined optimal sleep as 7–

8 hours nightly.26–28 Mood was measured by the PHQ-8, on the same schedule as sleep. 

This questionnaire assesses depression according to the Diagnostic and Statistical Manual of 

Mental Disorders, fourth edition (DSM-IV),22,29 but excludes the question about suicidal 

ideation contained in the PHQ-9.30 Participants indicate the number of days in the preceding 

2 weeks that they experienced various symptoms of depression. Total scores range from 0–

24; scores of 0–4 indicate no to minimal symptoms of depression; those 5–9 suggest mild 

depression; 10–14 moderate; and scores ≥ 15 are indicative of moderately severe to severe 

depression.22

Weight was measured on a calibrated scale (Tanita BWB-800) and height using a wall 

mounted stadiometer. Demographic data including gender, age, race/ethnicity, and 

educational level were collected by a self-report questionnaire at baseline.

Statistical Analysis

Changes in weight, sleep, and mood were examined using mixed effect general linear 

regression models, fit with the between-subject factor of treatment group and the within-

subject factor of time (changes from baseline to months 6 and 24). All mixed models were 

fit using an unstructured variance-covariance matrix and controlling for a priori chosen 

covariates: gender, ethnicity, and baseline age. Pairwise comparisons were used to 

determine differences between treatment groups at months 6 and 24. The p value was set at 

≤ 0.05 for all comparisons, except for body weight, the study’s primary outcome (which was 

set at ≤ 0.025 for month 24).19 (This study was powered to detect differences in change in 

body weight and not those in sleep and mood.) The mixed effect general linear model was 

also used to assess the relationship between the achievement of <5% vs ≥5% reduction in 

initial weight and changes in sleep and mood, while adjusting for the above mentioned 

covariates. All analyses were performed using SAS version 9.3 (SAS Institute Inc. 2011. 

Cary, NC).

RESULTS

Baseline Characteristics

Table 1 shows that participants (N=390) had a mean (±SD) age of 51.5±11.5 yr, weight of 

107.7±18.3 kg, and BMI of 38.5±4.7 kg/m2. Participants were predominantly non-Hispanic, 

white women. The three groups did not differ significantly at baseline on these or other 

characteristics shown in Table 1. Participant retention at month 24 averaged 86%, with no 

significant difference among groups.20

Weight Loss

Mean (±SE) weight losses at month 6 in the Usual Care, Brief LC and Enhanced Brief LC 

groups were 2.0±0.5, 3.5±0.5 and 6.6±0.5 kg, respectively, as reported previously.19 

Participants in both lifestyle groups lost significantly more weight than those in Usual Care 
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(see Table 2). At month 24, participants in Usual Care, Brief LC and Enhanced Brief LC lost 

1.7±0.7, 2.9±0.7 and 4.6±0.7 kg respectively. Enhanced Brief LC lost significantly more 

than Usual Care, with no other differences between groups. The percentages of participants 

in the three groups who lost ≥5% of initial weight at month 24 were 21.3, 26.0, and 34.9%, 

respectively, with significant (p=0.02) differences only between Enhanced Brief LC and 

Usual Care.

Changes in Sleep Duration and Sleep Quality

Table 2 shows that at month 6 participants in all three groups reported increases in their 

nightly minutes of sleep, ranging from 6.6 to 12.6 min/night. However, there were no 

significant differences between groups and no statistically significant effect of time. At 

month 24, self-reported sleep duration decreased by 9.0±9.0 min in Usual Care participants, 

while increasing by 13.8±9.9 min in the Enhanced Brief LC group, resulting in a significant 

difference between groups (see Table 2). Differences between the other groups were not 

statistically significant.

At month 6, PSQI scores declined in all three groups (ranging from −0.6 to −0.8), indicating 

improved sleep quality. There were no significant differences between groups, but sleep 

quality did improve over time across the three groups (p=0.0005). A similar pattern of 

findings was observed at month 24, with a significant (p<0.0001) effect of time but no 

significant differences between groups.

5% weight loss—Participants were divided into two groups based on their 6-month 

weight loss, regardless of their original group assignment. As shown in Figure 1A, those 

who lost ≥5% of initial weight reported a 21.6±7.2 min/night increase in sleep duration at 

month 6, compared with a significantly (p=0.0049) smaller 1.2±6 min/night increase in 

participants who had lost <5% of weight at this time. Of the 224 participants who reported 

suboptimal sleep duration at baseline (< 7 hours or >8 hours) 30.7% of those who lost ≥5% 

(at month 6) achieved optimal sleep duration (7–8 hours), compared with only 19.5% of 

those who lost <5% (p=0.061). Changes in sleep quality followed the same pattern at month 

6, as shown in Figure 1B. Reductions (i.e., improvements) on the PSQI were significantly 

greater in participants who lost ≥5%, compared with <5% of initial weight (−1.2±0.2 vs 

−0.4±0.2, p=0.0012).

When the same analyses were repeated based upon participants’ losing ≥5% vs <5% of 

weight at month 24, no significance differences were observed between groups in changes in 

sleep duration (Figure 1A). At this time, of the 198 participants who reported suboptimal 

sleep duration at baseline (and completed the 24-month assessment), only 11.3% who lost 

≥5% at month 24 achieved optimal sleep duration, compared with 22.8% who lost <5% 

(p=0.057). Additional analyses showed that participants who lost ≥5% of initial weight at 

month 24 reported smaller reductions (i.e., improvements) on the PSQI than those who lost 

<5% (−0.53±0.31 vs −1.0±0.23, p=0.14) (see Figure 1B).
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Changes in Mood

Table 2 shows that mean PHQ scores declined (improved) in all three groups at month 6, 

ranging from −0.5 to −1.5 points. Changes among groups did not differ significantly, but 

there was a significant (p = 0.0008) reduction in scores over time across the three groups. A 

similar pattern of findings was observed at month 24, with no significance between groups 

but a significant (p=0.016) effect of time.

5% weight loss—Participants again were grouped based upon losing ≥5% and <5% of 

their initial weight at month 6, regardless of their initial group assignment. Figure 1C shows 

that PHQ scores decreased by −2.5±0.4 in participants who lost ≥5% of weight and by a 

significantly (p <0.0001) smaller −0.1±0.3 in those who lost <5%. At month 24, mean PHQ 

scores decreased by −1.6±0.5 in participants who lost ≥5% of weight and by a significantly 

(p=0.047) smaller −0.5±0.4 in those who lost <5%.

Additional analyses examined categorical changes in mood (i.e., from one category of 

severity to another) in the 190 individuals who at baseline reported mild or greater 

symptoms of depression. At month 6, 84.2% of participants who lost ≥5% of initial weight 

improved (declined) by one or more categories of severity (e.g., from mild to no/minimal 

symptoms of depression) compared with 66.4% of participants who lost <5% of weight 

(p=0.014). (Mean changes in PHQ scores for these two groups were −4.7±4.4 and −1.0±4.4, 

respectively [p<0.0001], from baseline values of 8.6±3.7 and 8.5±3.3, respectively.) At 

month 24, 82.2% of participants who lost ≥5% of initial weight improved by one or more 

categories of severity, compared with 68.6% of participants who lost <5% of initial weight. 

The difference between groups was no longer statistically significant (p=0.083). (Mean 

changes in PHQ scores for these two groups were −3.5±3.8 and −1.7±4.5, respectively; 

p=0.03.)

Of the 171 participants who scored 0–4 (i.e., no/minimal depression) on the PHQ-8 at 

baseline, 27.9% of those who lost ≥5% of initial weight increased by one category of 

depression severity or more (e.g., from no/minimal depression to mild or greater), as 

compared with a significantly (p=0.042) greater 43.6% among those who lost <5% of 

weight. The benefit of weight loss in preventing symptoms of depression remained at month 

24, when corresponding values were 24.5% and 44.3%, respectively (p=0.018).

DISCUSSION

This 2-year randomized controlled trial found that three different behavioral weight loss 

interventions, delivered in primary care practice by practice staff, helped approximately one 

fifth to one third of participants in the three groups lose 5% or more of initial weight. Losses 

of this magnitude are considered clinically meaningful because of their reduction of 

traditional CVD risk factors, including triglyceride levels, blood pressure, and blood 

glucose.1,2 The present study found that a loss ≥5% also was associated with improvements 

in two behavioral risk factors for CVD – short sleep duration and depression.

At month 6, participants who lost ≥5% of initial weight reported a 21.6±7.2 min/night 

increase in sleep duration, which was significantly greater than the 1.2 ± 6 min/night 
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increase in participants who lost <5% of weight. In addition, more participants in the former 

group than latter (30.7 vs 19.5%; p<0.061) achieved optimal sleep duration (i.e., 7–8 hours 

nightly). Improvements in PSQI scores followed the same pattern at month 6 in participants 

who lost ≥5% vs. <5% of initial weight. However, when these same analyses were repeated 

at month 24, no significance differences were observed between the two groups on either of 

these outcomes, with changes tending to be more favorable in participants who lost <5% of 

initial weight.

The present findings are similar to those reported by Vorhoef et al12 whose participants lost 

10% of initial weight in 2 months (on a very low energy diet) and reported a 24 minute 

increase in sleep duration. Chaput et al13 reported similar improvements in sleep quality 

with a 5% reduction in initial weight. Similar to the present study, however, the 

improvements in sleep duration and quality in these studies were not maintained at follow-

up.

We observed only one significant difference in sleep duration or quality between the three 

randomized treatment groups in the POWER-UP trial, potentially because the differences in 

weight loss between the Usual Care group and two lifestyle interventions were not 

sufficiently large (ranging from 1.5 to 4.6 kg at month 6 and from 1.7 to 2.9 kg at month 

24). Rubin et al31 similarly observed no significant differences in sleep quality between the 

control and two intervention groups in the 2-year Hopkins POWER trial, which used similar 

methods and outcomes as our POWER-UP study. These investigators, however, did not 

include analyses that examined the percentage of participants who achieved optimal sleep 

duration or the effects on outcomes of losing ≥5% vs <5%. Additional studies of the 

relationship between weight loss and sleep quality are needed in which participants achieve 

a larger range of weight losses, as compared with those obtained in the two POWER 

studies.19,31 In addition, study is needed of factors associated with the deterioration in 

improved sleep quality, observed in participants in this study who lost ≥5% of initial weight 

at month 6.

In contrast to sleep, the improvements in mood observed with weight loss were better 

maintained over the full 2 years of the study. Participants who lost ≥5% of initial weight, 

compared with those who lost less, had larger mean reductions on the PHQ-8 at both months 

6 and 24. In addition, more than 80% of participants who began the study with mild or 

greater symptoms of depression, and proceeded to lose ≥5% of initial weight, potentially 

achieved a clinically meaningful improvement in mood, as indicated by a decline in 

depression severity of one category or more (e.g., from mild to no depression or moderate to 

mild depression). A significantly smaller portion of participants who lost <5%, compared 

with ≥5%, achieved this categorical improvement at 6 months (66.4% vs 84.2%). Other 

behavioral interventions have reported similar improvements in mood with weight loss,3–7 

which probably reflect participants’ enhanced physical function, body image, and self-

esteem. (We note that neither the present study, nor the Hopkins’ POWER trial, observed 

significant differences between intervention and usual care conditions on changes in 

symptoms of depression, again probably because of the limited differences in weight loss 

observed between groups.)
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In addition to its association with improvements in mood in participants with mild or greater 

symptoms of depression at baseline, losing ≥5% of initial weight was associated with 

significantly lower rates of depression onset (i.e., mild or greater symptoms) in participants 

who reported no mood disturbance at baseline. This finding parallels results of the Look 

AHEAD study in which an intensive behavioral weight loss program was associated with a 

15% reduction in the risk of developing mild or greater symptoms of depression over 8 years 

of treatment and follow-up.3 The present study would have been improved by the inclusion 

of a diagnostic interview to assess mood, rather than relying upon a self-report 

questionnaire.

Strengths of the present study include its large and diverse sample of participants, relative to 

previous studies of this topic. Our study (along with the Hopkins POWER trial) also had a 

longer duration of intervention and follow up (24 months) than prior studies and a high rate 

of retention (86%). This investigation also had limitations, including the lack of an objective 

measure of sleep duration and the absence of larger mean weight losses, which may be 

associated with even greater improvements in sleep duration and mood.

In conclusion, the present findings indicate that losing ≥5% of initial weight is associated 

with short-term improvements in sleep duration and quality, as well as favorable short- and 

long-term changes in mood in individuals who initially reported mild or greater symptoms 

of depression. These findings provide additional reasons for primary care practitioners to 

recommend weight loss to their overweight and obese patients.
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What is already known about this subject

• Short-term studies have demonstrated increased sleep duration and improved 

sleep quality and mood in behavioral weight loss interventions.

What this study adds

• This 24-month study provides a long-term assessment of changes in sleep 

duration and mood occurring with weight loss and evaluates the clinical 

significance of the observed changes.

• Weight losses ≥5 % of initial weight were associated with short-term 

improvements in sleep duration and quality, as well as short- and long-term 

improvements in mood that appeared to be clinically meaningful in participants 

who reported mild or greater symptoms of depression at baseline.
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Figure 1. 
Figure 1 A: Changes in sleep duration (minutes) at months 6 and 24 based on losing <5% of 

initial weight (Ns = 202 and 178, respectively) vs ≥5% (Ns = 113 and 87, respectively). 

*Significant difference between groups, p <0.05.

Figure 1 B: Changes in sleep quality (measured by the PSQI) at months 6 and 24 based on 

losing <5% of initial weight (Ns =200 and 179, respectively) vs ≥5% (Ns = 116 and 87, 

respectively). *Significant difference between groups, p<0.05.

Figure 1 C: Changes in mood (measured by the PHQ-8) at months 6 and 24 based on losing 

<5% of initial weight (Ns = 209 and 187, respectively) vs ≥5% (Ns =115 and 93, 

respectively). *Significant p<0.05; ** Significant difference between groups, p<0.0001.
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