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Abstract

Purpose of Review: Sleep and obesity share a bidirectional relationship, and weight loss has 

been shown to enhance sleep. Aiming to extend sleep on its own or as part of a lifestyle 

intervention may attenuate health consequences of short sleep. This review highlights several sleep 

extension approaches, discusses feasibility of each, and summarizes findings relevant to obesity.

Recent Findings: Sleep extension in response to experimental sleep restriction demonstrates 

partial rescue of cardiometabolic dysfunction in some but not all studies. Adequate sleep on a 

nightly basis may be necessary for optimal health. While, initial sleep extension interventions in 

habitually short sleepers have been met with obstacles, preliminary findings suggest that sleep 

extension or sleep hygiene interventions may improve glycemic control, decrease blood pressure, 

and enhance weight loss.

Summary: Sleep extension has the potential to attenuate obesity risk and cardiometabolic 

dysfunction. There is tremendous opportunity for future research that establishes a minimum 

threshold for sleep extension effectiveness and addresses logistical barriers identified in seminal 

studies.
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Introduction

Short sleep duration constitutes a strong relationship with obesity and affects a large 

proportion of adults [1, 2]. Experts recommend at least 7 hours of nightly sleep [3]. Yet, 

35% of US adults consistently fall short of this target [2] and an overwhelming majority 

(~70%) report sleep deficits occurring monthly [4].

Short sleeping adults are 55% more likely to have obesity [5, 6], are more susceptible to 

weight gain over time [7, 8], and appear to accumulate greater visceral and ectopic fat [9]. 

Causation cannot be determine from observations alone and limited experimental studies 

make it difficult to ascertain whether sleep restriction specifically causes weight gain [10, 

11]. Despite this controversy, a collection of short-term experimental studies (<2 weeks) 

align with the concept that insufficient sleep enhances obesity risk [11, 12]. Excessive 

energy intake is a likely cause [11–13] with heightened hunger [11], hormonal and 

neurological responses [11, 14, 15], and eating later in the day [16, 17] offering potential 

mechanisms that serve to further increase risk. Insufficient sleep is also associated with 

obesity co-morbidities, such as, hypertension [18], insulin resistance and diabetes [19, 20], 

dyslipidemia [21], and markers of inflammation [22]. Several experimental studies 

demonstrate diminished insulin sensitivity [11] and heightened inflammation with 

insufficient sleep [23]. As such, short sleep is well suited to perpetuate cardiometabolic 

dysfunction and promote chronic disease in obesity.

Sleep is more complex than duration alone. Timing, quality, and satisfaction are important 

components to healthy sleep [24, 25], and health consequences of irregular sleep have 

recently come to light [26–29]. Irregular sleep patterns may induce circadian desynchrony 

[30] and associate with obesogenic dietary patterns [31, 32]. The importance of sleep quality 

has also been demonstrated experimentally with selective suppression of slow wave sleep 

eliciting detrimental effects on glucose homeostasis [33]. Bidirectionally, obesity presents 

unique barriers to sleep quality. Obstructive sleep apnea (OSA), as an example, 

disproportionately affects people with obesity [34] and is prevalent in 86% of people with 

obesity and diabetes [35]. OSA not only diminishes sleep quality, it also elicits 

cardiometabolic dysfunction [36]. These findings underscore the complexity of the 

bidirectional relationship between sleep and obesity.

The sleep-obesity paradigm is indeed compelling; yet, little is known about how to address 

the consequences. Emerging literature points to the need for cross-discipline approaches. For 

example, secondary analyses from weight loss interventions suggest that optimal sleep (e.g. 

adequate sleep duration, regular sleep, and good sleep quality) promotes weight loss [37–41] 

while enhancing body composition [39, 41]. Reciprocally, indicators of sleep quality and 

duration seem to also improve with weight loss [42–44]. Here we offer our perspective on 

acute sleep recovery following sleep restriction and focus on lifestyle approaches targeting 

nighttime sleep extension, sleep hygiene, and combined therapies to prevent or attenuate 

obesity and cardiometabolic dysfunction (Figure 1).

Hoddy et al. Page 2

Curr Diab Rep. Author manuscript; available in PMC 2021 December 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Sleep Recovery

Sleep recovery extends sleep in response to sleep restriction and is an intuitive 

countermeasure to alleviate accumulated sleep pressure. Several studies under review 

highlight the transient nature of cardiometabolic heath with night-time sleep recovery (8–12 

hours of time spent in bed [TIB]) following acute sleep restriction (4–6 hours TIB).

Seminal work by Spiegel et al. [45, 46] attempted to fully restore sleep debt accumulated 

over 6 nights of sleep restriction (4 hours TIB) with 7 sleep recovery nights (12 hours TIB). 

At the end of the sleep recovery phase participants averaged about 9 hours of nightly sleep 

[45]. Sleep restriction impaired glycemic control assessed with a 2-hour intravenous glucose 

tolerance test (ivGTT); however, insults to glucose clearance, insulin independent glucose 

disposal, and the acute insulin response to glucose were attenuated with sleep recovery. 

Insulin sensitivity assessed using minimal-model analysis remained similar between the two 

sleeping conditions. The glycemic response at breakfast also decreased with sleep recovery, 

but lunch and dinner responses after recovery were comparable to meal responses during 

sleep restriction [45]. Bear in mind, it is unknown if sleep recovery fully restored glycemic 

control as sleep recovery was not compared to pre-sleep restriction values. A separate 

analysis of the same study included a normal sleeping comparison condition (8 hours TIB), 

and observed higher leptin and thyroid stimulating hormone (TSH) concentrations during 

sleep recovery compared to sleep restriction [46]. Leptin signals negative energy balance 

from adipose tissue, and commonly decreases with weight loss [47]. The concurrent 

decrease observed in leptin and TSH suggests an effect of sleep recovery on the 

hypothalamo-pituitary-adrenal axis that may influence energy balance through regulation of 

appetite and energy expenditure [47]. Interestingly, normal sleep appeared to have 

intermediate leptin, cortisol, and insulin resistance values between sleep restriction and sleep 

recovery [46], suggesting a potential dose-response to sleep duration. Another study coupled 

longer exposure to sleep restriction (3 weeks of 5.6 hours TIB) with forced circadian 

desynchrony (28.5-hour day) [48]. Three participants (n=21) met clinical criteria for pre-

diabetes following sleep restriction and circadian desynchrony, but after 9 days of sleep 

recovery (10 hours TIB) no participants displayed a prediabetic glucose response to a meal. 

Post-prandial glucose and insulin levels returned to baseline values, but a sub-group of older 

participants showed a sustained elevation in peak glucose concentration. Other subclinical 

indicators of obesity risk showed only partial rescue with sleep recovery. For example, 

resting metabolic rate decreased by 8% with sleep restriction, and did not fully recover with 

9 days of sleep extension. Elevated ghrelin, a signal for hunger, and depressed leptin across 

24-hours persisted following recovery as well [48]. While these findings indicate potential 

benefits of a sleep extension countermeasure to acute sleep restriction, physiological 

disturbances persist and could be more pronounced in older people or those also 

experiencing circadian desynchrony.

Less ambitious sleep recovery approaches allowed 10–12 hours TIB across 2–3 nights or 8–

9 hours TIB for up to 5 nights in the inpatient setting. Two studies allowed ad libitum intake 

and reported normalization of energy intake when switching from sleep restriction to sleep 

recovery [49, 50]. Only Markwald et al. observed a return to baseline body weight with 5 

days of 9 hours TIB following an increase in body weight that occurred during sleep 
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restriction (5 days, 5 hours TIB) [49]. This finding could be explained by the longer 5-day 

recovery period. It should also be noted that the 9-hour TIB condition was designed to be a 

normal sleeping condition. However, half of the group completed the 9-hour condition 

immediately following sleep restriction, and this sequential order could be interpreted as 

sleep recovery. Other studies performed under controlled dietary conditions point to weight-

independent effects of sleep recovery on cardiometabolic outcomes. Broussard et al. [51] 

evaluated 2 nights of sleep recovery (12 hours TIB on the first night and 10 hours TIB on the 

second night) after 4 nights of sleep restriction (4.5 hours TIB). Participants averaged 9.7 

hours of nightly recovery sleep. Glucose homeostasis was evaluated via ivGTT after normal, 

restricted, and recovered sleep. The acute insulin response to glucose was similar across the 

three conditions. Insulin sensitivity and the disposition index were impaired with sleep 

restriction, but returned to normal sleep values upon recovery. Shorter sleep recovery 

approaches (8–9 hours TIB) also have the potential to restore glucose homeostasis. Three 

nights of recovery sleep (8 hours TIB) normalized fasting insulin and fasting insulin 

resistance [52]. Slightly longer TIB (9 hours) across 3 days of sleep recovery indicated 

restoration of insulin sensitivity via an oral glucose tolerance test (OGTT). The same study, 

conversely, revealed persistent detriments to insulin sensitivity demonstrated by ivGTT 

performed 2 days later [53]. Other indicators of cardiometabolic risk may persist after sleep 

recovery as elevations in heart rate and inflammatory markers compared to baseline values 

have been reported [54]. In contrast, assessment of IL-6 across 24 hours demonstrated a 

return to baseline [55], and highlights discrepancies that may arise due to different 

assessment approaches. Additionally, salivary cortisol secretion patterns were influenced by 

altered bed and wake times during sleep restriction and recovery [55, 56], indicating 

potential circadian ramifications.

These studies differ by the number of sleep recovery nights and duration of TIB. 

Nevertheless, sleep recovery studies suggest that even partial sleep recovery may mitigate 

some, but not all, of the obesity and cardiometabolic risks from acute sleep restriction. An 

ideal degree of sleep recovery needed to counter acute sleep restriction needs to be 

established to inform evidenced-based recommendations.

Catch-up Sleep

Ongoing application of sleep recovery following repeated bouts of sleep restriction would 

likely result in a cyclic pattern of catch-up sleep. As a real-life example, catch-up sleep with 

extended TIB on the weekends could theoretically repay accumulated sleep debt acquired 

during weekdays [57]. Both inpatient and free-living studies indicate that 1–4 hours/day of 

additional time in bed on the weekends only partially repays total sleep debt [58–60] and 

may be more difficult to achieve in females [60]. Even hourly increases in weekend sleep are 

associated with lower BMI [71] and incremental increases in weekly sleep have also been 

connected with a greater reduction in fat mass during energy restriction [39, 61]. On the 

other hand, a cyclic pattern of sleep restriction and recovery would result in variable sleep 

which may actually be detrimental to outcomes related to weight loss, weight maintenance 

[72, 62], and cardiometabolic health [63, 64, 62]. As such, experimental studies are needed 

to determine causation.
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Short-term evaluation of weekend catch-up sleep has been performed in normal sleepers in 

the inpatient setting. Depner et al. [60] allowed ad libitum food intake across 9 days of a 

sleep condition. One cycle of catch-up sleep was compared to continuous sleep restriction or 

normal sleep. During the catch-up sleep condition, participants underwent sleep restriction 

(5 hours TIB) across a 5-day ―work-week‖, followed by 2 days of ad libitum ―weekend‖ 
sleep, and then 2 additional days of sleep restriction to represent a return to work. Catch-up 

sleep over the weekend was not protective against weight gain as both sleeping groups 

gained a similar amount of body weight. This weight gain may be explained by increased 

energy intake noted during sleep restriction in both sleeping conditions. Consistent with 

other sleep restriction literature [65, 49], snacks were the primary source for increased 

energy intake. Importantly, weekend catch-up sleep appeared to reduce the tendency to 

snack throughout the week, and snacking over the weekend was unchanged from baseline 

snaking habits during catch-up sleep [60]. Despite no difference in body weight between 

continuous restriction and catch-up sleep over the short 9-day study, a reduction in snacking 

could lead to long-term obesity risk mitigation. Under an energy deficit in free living 

participants, Wang et al. [66] showed differential responses to 8 weeks of a weight loss 

intervention in normal sleepers compared to those assigned to weekend catch-up sleep. 

While weight loss was similar between groups, the weekend catch-up sleepers lost 

proportionally less fat mass compared to normal sleeping participants. Normal sleepers also 

experienced a decrease in respiratory quotient, suggesting a greater reliance on fat stores 

during energy restriction [66]. Even though the catch-up participants extended their sleep on 

the weekends, they still carried sleep debt throughout the study [69]. In agreement with 

Wang et al., an energy restricted inpatient study under constant sleep restriction reported a 

similar decrease in body weight with suboptimal alterations in body composition and fat 

utilization during weight loss under sleep restriction compared to normal sleep [67].

The potential benefits of catch-up sleep on cardiometabolic outcomes vary by study. In one 

example, men who habitually practiced weekend catch-up sleep experienced better 

metabolic function after continuing with their normal weekend sleep extension (10 hours 

TIB) compared to undergoing continuous sleep restriction (6 hours TIB) [58]. This was 

characterized by decreased fasting insulin, C-peptide, and insulin resistance (HOMA-IR) 

along with enhanced insulin sensitivity determined via a 2-hour OGTT. Glucose area under 

the curve was unchanged between catch-up sleep and continuous restriction for the entire 

cohort, but a sub-analysis of only young men in the study (<35 years) showed a decrease 

following weekend catch-up sleep [58]. Unlike Spiegel et al. who reported an increase in 

mean 24-hour leptin during sleep recovery in habitually normal sleepers [46], Killick et al. 

observed a decrease in fasting leptin in habitually sleep-restricted participants. The 

disagreement between studies may reflect differential responses to sleep extension based on 

an individual’s habitual sleep pattern [68]. For example, 3 days of treatment with continuous 

positive airway pressure in patients with obstructive sleep apnea, which would improve sleep 

quality, also decreased leptin [69]. Additionally, PYY, an appetite hormone signaling 

fullness, was increased with catch-up sleep, and ghrelin, signaling hunger, was unchanged 

[58]. Others suggest that benefits to glycemic control may be short-lived and that alterations 

in circadian rhythm may introduce metabolic dysfunction. In the previously discussed study 

by Depner et al. [60], whole body insulin sensitivity was diminished during both consistent 
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sleep restriction (13%) and catch-up sleep (27%) using the hyperinsulinemic-euglycemic 

clamp method compared to a normal sleeping control. Upon adjusting for body weight, the 

insult to whole body insulin sensitivity only remained with continuous sleep restriction. 

However, tissue-specific blunting of insulin sensitivity at the level of the liver and muscle 

occurred only with catch-up sleep [60]. This could be attributed to altered circadian rhythm 

due to variable sleeping patterns [30]. In agreement with this theory, catch-up sleepers in 

Depner et al. self-selected later bedtimes when allowed ad libitum sleep despite having just 

experienced a week of sleep restriction [60]. This behavior was consistent with observed 

delays in dim light melatonin onset and offset [60]. Another study [59] assessed catch-up 

sleep in free-living habitual short sleepers (<6 hours average weekday sleep). Blood pressure 

was the only cardiometabolic outcome reported, and there was no difference between 

habitual sleep restriction and extended weekend sleep [59]. These limited studies reveal a 

potential glycemic benefit of weekend catch-up sleep that could be overshadowed by 

damaging consequences of circadian desynchrony induced by variable sleeping patterns 

[70].

As such, these findings support the notion that some sleep extension, even if inconsistent, 

may be better than no sleep extension at all. Nonetheless, the long-term safety of cyclic 

sleep restriction and recovery is questionable. Continued work should rigorously evaluate 

the effects of catch-up sleep in short sleepers and focus specifically on how cyclic sleep 

extension may influence cardiometabolic health in short sleepers with obesity over time.

Ongoing Sleep Extension

Acute sleep extension following bouts of sleep restriction may not reflect physiological 

adaptations to habitual sleep extension. Ongoing sleep extension (Figure 1), as an 

intervention to habitual short sleep, is an emerging area of research with clinical and public 

health implications. At this time, the literature consists of primarily short-term pilot studies 

evaluating the feasibility of sleep extension or hygiene as either stand-alone treatments or in 

combination with weight loss interventions (Table 1).

Extension of Habitual Sleep—Weeklong sleep extension interventions aiming for 1–3 

hours of additional time in bed in normal and short sleeping adults demonstrate the 

feasibility of short-term sleep extension. Reynold et al. [71] asked participants to spend 3 

additional hours in bed each night. Despite falling short of this request, participants extended 

TIB by 2 hours 7 minutes and achieved just under 2 hours of actual sleep extension. Blood 

pressure, heart rate, and inflammation were similar in the sleep extension (n=8) group 

compared to their baseline values and were no different than the habitual sleeping controls 

(n=6). The authors also noted large effect sizes in inflammatory markers indicating 

potentially negative consequences of sleep extension. This interpretation, however, should be 

viewed cautiously as baseline sleep duration ranged widely (6 to 9 hours) and the sample 

was quite small. Only an hour of additional TIB was required by Stock et al. [72]. 

Participants (n=53) who previously slept between 6 to 8 hours a night increased average 

sleep duration by 43 minutes. Systolic blood pressure decreased by 7 mmHg while diastolic 

blood pressure and heart rate remained unchanged. No other cardiometabolic outcomes were 

assessed which limits clinical interpretation. The majority of the participants (83%) reported 
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some degree of extended sleep, while a smaller proportion (66%) attained at least 30 

minutes of nightly sleep. Importantly, 93% of habitual short sleepers (< 7 hours) at baseline 

(n=14) achieved optimal sleep duration [72]. These initial studies indicate that moderate 

habitual sleep extension (1–2 hours TIB) is possible and holds potential to improve blood 

pressure.

Interventions recommending at least an hour of extended TIB and lasting 2 to 6 weeks have 

been performed in habitually short sleepers [73–77], but there appears to be obstacles related 

to compliance. Tasali et al. [74] achieved an impressive 1.6 hours of nightly sleep extension 

across a 2-week intervention via individual counseling that focused on extending total sleep 

duration. A longer study lasting 4 weeks only averaged 21 minutes of sleep extension and 

less than 10% of the cohort reached 7 hours of nightly sleep with a target TIB extension of 1 

to 1.5 hours [73]. Study duration may have played a role in compliance as sleep extension 

may decrease over the course of an intervention [75]. In another small (n=21) 2-week study, 

only 8 of the participants achieved 6 or more hours of total nightly sleep [76]. Indeed, 

compliance presents a potential barrier to habitual sleep extension. The shortest sleepers 

require the greatest degree of sleep extension to normalize sleep duration, and baseline sleep 

quality may influence an individual’s capacity to successfully extend sleep [76]. 

Furthermore, dedicating time to sleep may conflict with daily obligations necessitating short 

sleep to begin with [78]. Sleep research may also be especially vulnerable to observational 

effects. For example, Cizza et al. [79] noted a significant increase in sleep duration (14 

minutes) in participants waiting to be randomized into either a sleep extension or control 

group. Echoing this, the control group from Haack et al. [77] experienced a small increase in 

sleep (4 minutes).

Preliminary findings are mixed related to obesity risk. Tasali et al. [74] reported decreases in 

overall appetite with a diminished desire for sweet and salty foods–key characteristics of 

junk food. In support of this, Al Khatib et al. [73] observed a decrease in the intake of sugar 

while fasting ghrelin and leptin concentrations were unchanged. Other studies reported no 

effect of sleep extension on diet selection [77, 76], fasting ghrelin [80], or fasting leptin [73]. 

Changes in body weight [73, 75–77], body composition [77, 73], and energy expenditure 

[73] have also gone undetected in a handful of studies; albeit, no studies have utilized gold 

standard techniques with sensitivity to detect small changes in body composition or energy 

balance.

Cardiometabolic findings from Cizza et al. [79] are perhaps the most intriguing as 

unintentional sleep extension occurred (14 min) between screening and randomization (81 

days median) in habitually short sleeping participants with obesity. Despite the intervention 

having not yet started, concurrent improvements in glucose (−7%), insulin (−26%), insulin 

sensitivity (8%), and triglycerides (−10%) along with modest decreases in waist 

circumference and total cholesterol concentrations occurred independent of weight loss. 

Others have demonstrated improvements in blood pressure. Ambulatory blood pressure 

assessed across 24-hours by Haack et al. [77] in hypertensive and pre-hypertensive 

participants revealed a clinically significant drop in systolic (14 mmHg) and diastolic blood 

pressures (8 mmHg) from baseline. In the same study [77], no changes were noted for 

inflammatory markers assessed at a single time point. Decreases in systolic and diastolic 
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blood pressures (~7%, all) have also been noted following a technology-supported sleep 

extension intervention in a small pilot (n=16) of hypertensive participants who extended 

their sleep an average of 34 minutes [81]. A discernable increase in sleep duration may be 

required to influence blood pressure as a sleep hygiene only intervention in those with 

elevated blood pressure did not extend sleep duration and did not observe a change in 24-

hour blood pressure [82]. Several studies in lean and healthy participants report no change in 

blood pressure [73] or fasting values for glucose [75, 73, 76], insulin [75, 73], or blood lipid 

concentrations with sleep extension. It is possible that clinical benefits may require a 

minimum threshold of sleep duration. For example, a cross-over study by So-Ngern et al. 

[76] reported a 17% reduction in insulin resistance in only those attaining at least 6 hours of 

sleep. Likewise, Leproult et al. [75] reported no change in fasting glucose or insulin 

concentrations but correlations uncovered favorable associations between relative sleep 

extension and change in fasting insulin (r=−0.6), insulin resistance (r=−0.5), and insulin 

sensitivity (r=0.76). Given the connection between cardiometabolic disease and short sleep, 

sleep extension may be a promising therapeutic in at-risk populations that are able to 

successfully extend sleep duration.

Combined Sleep and Weight Loss Approaches—Behavioral interventions support 

the efficacy of combined lifestyle approaches incorporating diet, exercise, and stress 

management techniques [83]. Poor sleep has been shown to promote fatigue and depressive 

symptoms [84] while hindering impulse control [85] and enhancing appetite [65, 86]. 

Therefore, it is reasonable to theorize that the inclusion of sleep hygiene or sleep extension 

tactics within a weight loss study could enhance compliance and promote health benefits.

While rarely discussed, program curricula from landmark lifestyle interventions 

incorporated sleep-related learning objectives [87, 88]. These pioneering programs 

recognized sleep as an important aspect to achieve weight loss targets of ≥7%. There have 

been many iterations of these programs, and Sawamoto et al. [89] is the only current 

example to emphasize sleep. Their 7-month program employed cognitive behavioral therapy 

(CBT) for insomnia but did not detail specific sleep extension recommendations. There was 

a trend for increased nightly sleep duration (14 minutes; p=0.070), but this trend is 

comparable to increases in sleep duration observed during traditional weight loss regimens 

[42] and it is similar to the small degree of spontaneous sleep extension noted by Cizza et al. 

[79]. Baseline sleep was very low—averaging just 5.5 hours/night, and even a small increase 

in sleep would not reach expert recommendations (≥ 7 hours/night). Participants lost 15% of 

their initial body weight, while experiencing an improvement in body composition and 

increases in adiponectin, a cardioprotective adipokine that increases with weight loss. 

Multiple regression analysis revealed a positive effect on change in sleep and adiponectin 

concentrations [89]. This supports the notion that sleep extension may play a role in 

beneficial alterations to body composition during weight loss.

Interventions employing a control group undergoing only a weight loss intervention are 

emerging in the literature and offer insight regarding the potential utility of sleep extension 

during lifestyle interventions. Logue et al. [90] designed a 12-week CBT program (n= 46), 

during which two intervention arms were provided group counseling to enhance diet, 

physical activity, and coping. One group (n=23) was assigned to also incorporate sleep 
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hygiene after 4 weeks of the CBT intervention. There were no predetermined targets for 

energy intake or sleep duration. At 12 weeks there was a greater decline in body weight in 

the group partaking in sleep counseling (5%) compared to CBT only (2%). Improved coping 

was reported by the sleep group and may have aided compliance to diet and physical activity 

goals. Demos et al. [91] designated a prerequisite 4 weeks to improve sleep (8 hrs TIB) and 

eating regularity prior to initiating an 18-week energy restriction diet. Only 60% of the 

participants were compliant with their sleep schedule at 4 weeks and there was no objective 

increase in nightly sleep duration. Unexpectedly, participants assigned to sleep extension 

experienced less weight loss after 6 weeks of dieting compared to a habitual sleeping 

control. This difference in weight loss was no longer apparent at 18 weeks [91]. Only one 

study included simultaneous energy restriction and sleep extension targets [92], during 

which, adolescents with obesity underwent energy restriction for 4 weeks. One group was 

asked to maintain habitual sleep and the other was asked to extend weekday sleep by 1 hour/

night. The habitual sleeping control extended their sleep by 0.5 hours/night and the sleep 

extension group extended sleep by 1.2 hours/night. Both groups lost a small amount of body 

weight amounting to 1% and 2%, respectively. The sleep extension group also experienced 

decreased waist circumference, fasting insulin, and inflammation. Statistical differences 

favoring sleep extension were observed for changes in body weight and waist circumference, 

but change across 4 weeks was similar between groups for all other outcomes [92]. Taken 

together, the effect of sleep extension in people concurrently engaging in dietary 

interventions is unclear and early studies question practicality. Continued research should 

determine whether sleep extension has an additive benefit to obesity treatment, and next 

steps should explore ways to make such interventions manageable to the general population.

Conclusions

Studies discussed in this review show promise for different sleep extension approaches to 

counter acute sleep restriction, improve cardiometabolic health in habitually short sleepers, 

or complement weight loss interventions. Nonetheless, evidence backing sleep as an obesity 

treatment target remains sparse–leaving interpretations incomplete. While examples of acute 

sleep extension conducted in highly controlled inpatient settings are important and clearly 

demonstrate a physiological effect, the application of sleep extension as a viable, scalable, 

and long-term intervention remains undetermined. Evidence in favor of sleep extension in 

free living participants are often from pilot studies and subject to small sample sizes, 

rudimentary measurements, and some compliance issues. Nonetheless, preliminary findings 

are encouraging and demonstrate an effect of free-living sleep extension on obesity and 

cardiometabolic risk factors. Continued investigation via randomized clinical trials should 

primarily focus on short sleeping individuals, especially, those with obesity, hypertension, or 

poor glycemic control. There is tremendous opportunity for researchers to embrace cross-

discipline collaborations to examine sleep extension across the spectrum of translational 

science. Precise sleep extension targets must be determined to elicit a health benefit, and 

special attention must be paid to the complexity of sleep extension in regards to participant 

selection and compliance. Research pairing energy restriction with sleep extension to 

enhance weight loss needs to establish whether the burden of modifying sleep offers a 

worthwhile advantage for obesity treatment. A clear understanding of the health benefits and 
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behavior considerations of sleep extension stand to inform future public health 

recommendations and practitioner decision making.
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Figure 1. 
Description of sleep extension approaches following a sleep deficit
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Table 1.

Ongoing sleep extension in free living participants

Study Design Participants Intervention Sleep
Cardiometabolic 

Outcome*

Reynold AM, 
2014 [71]

Parallel Arm 
N= 14; 6 
control

Adults (6–9 h 
nightly sleep)

Sleep target: +3 h TIB Control: 
Habitual sleep Duration: 1 week

Baseline TIB: 7 h 
56 min TST: 6 h 
47 min Achieved 
TIB: +2 h 7 min 
TST: +1 h 59 min

∅ SBP ∅ DBP ∅ Heart 
rate ∅ TNF-α ∅ 
Adiponectin ∅ CRP ↑ 
IL-6

Stock AA, 
2020 [72]

Single Arm 
N=53

College 
students (6–8 h 
nightly sleep)

Sleep target: + 1 h TIB Control: 
Baseline Duration: 1 week

Baseline TIB: 6–8 
h TST: 7 h 19 min 
Achieved TST: + 
43 min

↓SBP# ∅ DBP# ∅ Heart 

rate#

Al Khatib 
HK, 2018 
[73]

Parallel Arm 
N=42; 21 
control

Short sleepers 
(5–7 h nightly 
sleep)

Sleep target: +1–1.5 h TIB 
Control: Habitual Sleep Duration: 
4 weeks

Baseline TIB: 7 h 
3 min TST: 5 h 28 
min Achieved 
TIB: +55 min 
TST: +21 min

↓ Free sugar intake ∅ 
Fasting ghrelin ∅ Fasting 
leptin ∅ Glucose ∅ 
Insulin ∅ Blood lipids ∅ 
BP ∅ Body weight ∅ 
Body composition ∅ 
Energy expenditure

Tasali E, 2014 
[74]

Single Arm 
N=10

Adults with 
overweight 
BMI and short 
sleep (< 6.5 h 
nightly sleep)

Sleep target: 8.5 h TIB via 
individualized behavioral 
counseling and sleep hygiene 
recommendations Control: 
Baseline Duration: 2 weeks

Baseline TIB:6 h 
24 min TST: 5 h 
36 min Achieved 
TIB:+1h48 min 
TST: +1 hr 36 min

↓ Overall appetite# ↓ 
Desire for sweet and salty 

foods# ∅ Desire for 
fruits, vegetables, and 

protein- rich food#

Leproult R, 
2015 [75]

Single Arm 
N=16

Adults (≤ 7 h 
nightly sleep)

Sleep target: +1 h TIB and sleep 
hygiene recommendations 
Control: Baseline Duration: 6 
weeks

Baseline TST: 5 h 
59 min Achieved 
TST: +44 min

∅ Body weight#∅ 
Glucose#∅ Insulin#∅ 
Insulin sensitivity# 
(Positive associations 
between TST and 
glycemic control)

So-Ngern A, 
2019 [76]

Cross-Over 
N=21

Short sleepers 
(≤ 6 h nightly 
sleep)

Sleep target: + 1 h TIB and sleep 
hygiene recommendations 
Control: Habitual sleep and sleep 
hygienerecommendations 
Duration: 2 weeks

Baseline TST: 5 h 
18 mins Achieved 
TST: +36 mins

Intention to Treat ∅ 
Body weight ∅ Self-
selected diet ∅ Glucose 
∅ Insulin resistance Per-
protocol ↓ Insulin 
resistance ↑ Early insulin 
secretion ↑ β-cell 
function

Haack M, 
2013 [77]

Parallel Arm 
N=22; 9 
control

Short sleepers 
with elevated 
blood pressure 
(< 7 h nightly 
sleep or >1 h 
less than self-
perceived ideal 
sleep)

Sleep target: +1 h TIB and sleep 
hygiene recommendations 
Control: Habitual sleep and sleep 
hygiene recommendations 
Duration: 6 weeks

Baseline TST: 6 h 
18 mins Achieved 
TST: +35 mins 
(+4 min of TST in 
control)

∅ Body weight ∅ Body 
composition ∅ Self-
selected diet ∅ SBP ∅ 
DBP ∅ Inflammatory 
markers

Cizza G, 2014 
[79]; 
Lucassen EA, 
2014 [80]

Observational 
N=125

Short sleepers 
with obesity (< 
6.5 h nightly 
sleep)

Sleep target: Analysis of 
participants awaiting 
randomization into sleep 
extension or habitual sleep arm 
Duration: 81 days median 
observation time

Baseline TST: 5 h 
44 min Achieved 
TST: + 14 min

∅ Body weight#↓ Waist 

circumference# ↓ 
Glucose#↓ Insulin#↑ 
Insulin sensitivity#↓ Total 

cholesterol#↓ LDL 

cholesterol#↓ HDL 

cholesterol#↓ 
Triglycerides#∅ Fasting 

ghrelin#

Baron Kelly 
G, 2019 [81]

Parallel Arm 
N=16; 5 
control

Short sleepers 
with elevated 
blood pressure 

Sleep target: Up to 8 h TIB or +1 
h TIB via technology supported 
sleep hygiene education and 

Baseline TIB: 7 h 
2 min TST: 6 h 7 
min Achieved 

↓ 24-h SBP ↓ 24-h DBP
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Study Design Participants Intervention Sleep
Cardiometabolic 

Outcome*

(<7 h nightly 
sleep)

coaching Control: Habitual Sleep 
Duration: 6 weeks

TIB: +34 min 
TST: +34 min

McGrath ER, 
2017 [82]

Parallel Arm 
N=134; 67 
Control)

Impaired 
sleepers with 
elevated blood 
pressure ( >30 
min to fall 
asleep and 
waking >1 
nightly 
awakening)

Sleep target: Sleep hygiene 
(education and CBT) and vascular 
risk education Control: Vascular 
risk education Duration: 6–8 
weeks

Baseline TST: 6 h 
56 min Achieved 
TST: No Change 
↑ Sleep Quality

∅ 24-h SBP ∅ 24-h DBP

Sawamoto R, 
2016 [89]

Single Arm 
N=90

Women with 
elevated BMI 
(sleep duration 
eligibility not 
specified)

Diet & Sleep Target: Diet (−500 
kcal/day) and exercise (>8,000 
steps/day) lifestyle program with 
CBT for insomnia Control: 
Baseline Duration: 7 months

Baseline TST: 5 h 
32 min Achieved 
TST: +14 min 
(trend)

↓ Body weight#↓ Body 

fat#↓ Waist 

circumference# ↓ Hip 

circumference# ↑ 
Adiponectin#

Logue EE, 
2012 [90]

Parallel Arm 
N=46;23 
control

Adults with 
elevated BMI 
(sleep duration 
eligibility not 
specified)

Diet & Sleep Target: Diet and 
exercise CBT via group sessions 
with sleep education and hygiene 
recommendations 4 weeks into 
program. Control: Diet and 
exercise CBT via group sessions 
Duration: 12 weeks

Baseline Sleep 
Efficiency: 85% 
Achieved Sleep 
Efficiency: 93% 
(Change similar to 
control)

↑ Weight loss

Demos KE, 
2015 [91]

Parallel Arm 
N=25; 13 
control

Adults with 
elevated BMI 
(≤7 h nightly 
sleep)

Diet & Sleep Target: 8 h TIB with 
eating at least every 4 hours 
across 3–5 meals/day then 
initiation of energy and dietary fat 
restricted diet (1,200–1,500 kcal/
day) Control: 4 weeks of diet and 
exercise education then initiation 
of energy and dietary fat restricted 
diet (1,200–1,500 kcal/day) 
Duration: 4 weeks of sleep 
intervention or general diet 
education prior to 18 weeks of a 
weight loss intervention

Baseline TST: 6 h 
48 min Achieved 
TST: ∅ 
(Objectively TST: 
+37 min (Self-
reported)

↓ Weight loss (6 weeks) 
∅ Weight loss (18 weeks)

MorenoFrais 
C, 2020 [92]

Parallel Arm 
N=52 (27 
control)

Adolescents 
with obesity 
(Sleep criteria 
not specified)

Diet & Sleep Target: +1 h TIB and 
−500 kcal/day Control: −500 
kcal/day Duration: 4 weeks

Baseline TIB: 7 h 
48 min TST: 7 h 
36 min Achieved 
TIB: 8 h 54 min 
TST: 8 h 42 min 
(+30 min in 
control group)

Sleep Group: ↓ Body 

weight#↓ Waist 

circumference# ↓ Energy 

intake ∅ Glucose#↓ 
Insulin#∅ Insulin 

resistance#∅ HDL 

cholesterol#∅ Non-HDL 

cholesterol# ∅ 
Triglycerides#∅ 
Leptin#↓ IL=6#∅ TNF-

a#∅ Cortisol#Compared 
to Control: ↓ Body 
weight ↓ Waist 
circumference

Hour (h); Minute (min); Time in bed (TIB); Total sleep time (TST); Cognitive behavioral therapy (CBT); Systolic blood pressure (SBP); Diastolic 
blood pressure (DBP); Not reported (NR); Kilocalorie (kcal)

*
Comparing sleep target to control as defined in intervention column unless otherwise specified by #

#
Indicates changes from baseline
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