
Probable insomnia is associated with future total energy intake and diet
quality in men1–3

Feon W Cheng,4 Yanping Li,5 John W Winkelman,6 Frank B Hu,5,7 Eric B Rimm,5,7 and Xiang Gao4*

4Department of Nutritional Sciences, Pennsylvania State University, University Park, PA; 5Department of Nutrition, Harvard School of Public Health, Boston,

MA; 6Department of Psychiatry, Massachusetts General Hospital, Boston, MA; and 7The Channing Division of Network Medicine, Department of Medicine,

Brigham and Women’s Hospital and Harvard Medical School, Boston, MA

ABSTRACT
Background: Insomnia is associated with several adverse health
outcomes. Small clinical studies have suggested that an inferior
nutrition status is a potential explanation, but to our knowledge,
this possibility has not been examined in a large-scale, population-
based cohort study.
Objective: We examined whether individuals with probable insom-
nia and individual insomnia symptoms had greater energy intake
and a lower diet quality as assessed with the use of the Alternate
Healthy Eating Index (AHEI) 2 y later.
Design: A cohort study of 15,273 US men aged 58–93 y who were
free of cancer, cardiovascular diseases, and diabetes and were par-
ticipating in the Health Professionals Follow-Up Study reported
information on insomnia symptoms in 2004. Dietary intake was
assessed with the use of a food-frequency questionnaire in 2002
and 2006. We calculated the adjusted mean differences of total
energy intake in 2006 and the AHEI-component scores and their
95% CIs between subjects with and without probable insomnia in
2004 and also across categories for each insomnia symptom while
adjusting for related covariates.
Results: After dietary intake in 2002, major chronic conditions, and
other potential confounders were controlled for, men with probable
insomnia had a mean higher consumption of 35.8 kcal/d (95% CI:
17.4, 54.1 kcal/d) and had lower scores in 3 individual AHEI com-
ponents (trans fat, vegetables, and sodium), which denoted higher
consumption of trans fat and sodium and lower intake of vegetables
(P # 0.01 for all). For individual insomnia symptoms, nonrestorative
sleep and a difficulty maintaining sleep were associated with higher
energy intake (P-trend # 0.007 for both). A similar trend was ob-
served in men who had difficulty initiating sleep (P-trend = 0.07). We
also observed a significant association between the difficulty of ini-
tiating sleep and a lower AHEI score 2 y later (P-trend = 0.004).
Conclusion: Probable insomnia is associated with higher intakes
of total energy, trans fat, and sodium and lower intake of veg-
etables. Am J Clin Nutr 2016;104:462–9.

Keywords: cohort, diet quality, energy intake, insomnia, sleep dis-
orders

INTRODUCTION

Insomnia affects w10–30% of Americans and is character-
ized by a difficulty initiating sleep, difficulty maintaining sleep,

early-morning awakenings, and nonrestorative sleep (1, 2).
There is a growing body of literature that suggests that indi-
viduals with insomnia may have increased risk of adverse health
outcomes, including metabolic syndrome (3), hypertension (4),
myocardial infarction (5), and diabetes (6). In a large-scale
prospective study, we previously reported that insomnia and
certain insomnia symptoms, especially a difficulty initiating
sleep and nonrestorative sleep, were associated with higher risk
of mortality in the HPFS (Health Professionals Follow-Up
Study)8 (7). However, the reasons for these associations remain
unclear. One potential hypothesis is that individuals with such
symptoms may have greater energy intake and lower dietary
quality, which are known factors for inferior health outcomes (8,
9). Although this hypothesis has been supported by some small
clinical studies (10–12), to our knowledge it has yet to be in-
vestigated in a larger-scale, population-based cohort study. Of
current sleep-quality studies, most focused on the individual
macronutrient or micronutrient as the outcome (13–16). Because
most individuals consume a combination of nutrients, it is im-
portant to consider the overall dietary quality [e.g., the Alternate
Healthy Eating Index (AHEI)]. A better understanding of this
relation could help to explain the observed association between
insomnia and other diseases and provide support for imple-
menting an early intervention as a potential strategy to address
this issue. In addition, the 2015 Dietary Guidelines Advisory
Committee determined that “sleep patterns was an emerging area
with an insufficient body of evidence” (17). Thus, we conducted an
analysis to examine whether individuals with probable insomnia
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had greater energy intake and lower diet quality 2 y later as as-
sessed with the AHEI-2010 in the HPFS cohort while accounting
for the effects of a variety of lifestyle factors and medical co-
morbidities that are known to affect nutrition behavior and
outcomes.

METHODS

Participants

The HPFS was established in 1986 when 51,529 male US
health professionals aged 40–75 y completed a mailed ques-
tionnaire about their medical histories and lifestyles. Follow-up
questionnaires were mailed to participants every 2 y to update
information on potential risk factors and to ascertain newly di-
agnosed diseases. Food consumption was collected every 4 y via
a validated semiquantitative food-frequency questionnaire (FFQ)
(18, 19). Follow-up rates have averaged 94% for each 2- or 4-y
cycle.

In 2004, 34,884 men responded to the 2004 questionnaire,
which included questions about insomnia. We excluded men with
a physician diagnosis of cancer [other than nonmelanoma skin
cancer; n = 7592)], cardiovascular disease (n = 3311), or di-
abetes (n = 2142) because individuals with these conditions
generally change their diets and sleep habits. We also excluded
men (n = 3847) with implausible FFQ data (,800 or .4200
kcal/d or .70 food items with missing data) and missing values
for insomnia questions (n = 1483) and the AHEI in 2002 (n =
1236), which left 15,273 men for this analysis (Supplemental
Figure 1). Individuals who were excluded, compared with in-
cluded subjects, tended to be older (mean: 71.7 compared with
67.5 y; P , 0.001) and more likely to have probable insomnia
(29% compared with 25%; P , 0.001), but baseline and follow-
up AHEI scores (52.2 compared with 52.0, and 55.8 compared
with 56.1, respectively) and baseline BMI (in kg/m2; 25.2
compared with 25.6) were similar (P . 0.05). This study was

approved by the institutional review board at Brigham and
Women’s Hospital and Harvard School of Public Health.

Assessment of insomnia symptoms

In 2004, participants in the HPFS were asked how often (rarely
or never; sometimes; or most of the time) they 1)“have difficulty
falling asleep” (referred to as difficulty initiating sleep in the
current article), 2)“have trouble with waking up during the
night” (referred to as difficulty maintaining sleep), 3)“are trou-
bled by waking up too early and not being able to fall asleep
again” (referred to as early-morning awakenings), and 4)“feel
really rested when waking up in the morning” [we coded non-
restorative sleep frequency as the opposite of feeling rested
when waking up in the morning (referred to nonrestorative
sleep)]. Excessive daytime sleepiness was also assessed in 2004
with a question of “get so sleepy during the day or the evening
that have to take a nap.” Note that these questions did not refer
to a specific time period (e.g., previous month or 3 mo).

We defined probable insomnia as having nonrestorative sleep
plus one or more of the 3 nocturnal insomnia symptoms (diffi-
culty initiating sleep, difficulty maintaining sleep, and early-
morning awakenings) as was done previously (2, 7).

Ascertainment of energy intake and diet-quality scores

Dietary intake was assessed in 2002 and 2006 with the use of
a validated semiquantitative FFQ (18, 19). In brief, participants
were asked to indicate their average frequency of consumption
with 9 possible categories ranging from never or,1 time/mo” to
$6 times/d over the past year in regards to a specific amount for
each food item. We calculated total energy intake from the FFQ
with the use of nutrient information obtained from the Harvard
University Food Composition Database which is derived from
the USDA and other sources.

FIGURE 1 Adjusted mean (95% CI) score difference for the AHEI item by probable insomnia status (n = 15,273). Analyses were adjusted for age; ethnicity
(Caucasian; yes or no); smoking status (never smoker, former smoker, or current smoker); alcohol drinking (0, 0.1–9.9, 10.0–19.9, 20.0–29.9, or $30 g/d); BMI
(in kg/m2: ,23, 23–24.9, 25–26.9, 27–29.9, or $30); physical activity (quintiles); marriage status (married; divorced, separate, or single; or widowed); living
status (alone or not alone); AHEI (2002); total energy intake (2002); caffeine intake (quintiles); regular use of aspirin (yes or no); feeling sad, blue, or depressed
$2 wk (yes or no); use of antidepressant drugs (yes or no); presence of elevated total cholesterol, high blood pressure, or elevated triglyceride (yes or no); sleep
duration (#5, 6, 7, 8, or $9 h), and snoring frequency (every night, most nights, a few nights per week, occasionally, #1 time/wk, or missing). 1A higher score
represents lower consumption. 2A higher score represents lower-to-moderate consumption. AHEI, Alternate Healthy Eating Index.
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We used AHEI-2010 criteria to assess dietary intake quality in
2002 and 2006. The AHEI-2010 was developed on the basis of
“foods and nutrients predictive of chronic disease risk” (9), and
studies have confirmed its association with chronic diseases (9)
and mortality (20, 21). The AHEI-2010 is comprised the fol-
lowing 11 components: nuts and legumes, red and processed
meats, trans fat, long-chain (n–3) fats (EPA and DHA), PUFAs,
vegetables, fruit, whole grains, sugar-sweetened beverages and
fruit juice, sodium, and alcohol. Each of the 11 components had
a score that ranged from 0 to 10, which totaled up to 110 as the
maximum overall diet-quality score. For 6 of the components
(nuts and legumes; n–3 fats; PUFAs; vegetables; fruit; and
whole grains), higher score represented higher consumption. For
alcohol, a higher score was given to moderate intake. As for the
other 4 components (red and processed meats, trans fat, sugar-
sweetened beverages and fruit juice, and sodium), higher scores
represented lower consumption. In sum, a higher total AHEI
score indicated better overall dietary quality. We adjusted for the
AHEI-2010 and total energy intake in 2002 because dietary
intake was not assessed in 2004.

Ascertainment of other covariates

Age, ethnicity, smoking status, weight, height, physical activity,
marriage status, living status, medication use (e.g., of antide-
pressants, benzodiazepine, and melatonin), depression symptoms
(being “sad, blue, or depressed” $2 wk in the past 2 y), elevated
laboratory values (e.g., presence of elevated total cholesterol), and
high blood pressure were collected in 2004 via biennial self-
reported questionnaires. Caffeine intake was assessed through
the FFQ. Information on sleep duration (i.e., “Please indicate
total hours of actual sleep in a typical 24-hour period: 5 hours or
less, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, or 11+ hours”)
and snoring frequency (i.e., “Do you snore? Every night, most
nights, a few nights a week, occasionally, or almost never”) was
collected in the 2000 self-reported questionnaire. BMI was
calculated as weight divided by the square of height).

Statistical analysis

We used regression and general linear models to calculate the
adjusted mean differences of total energy intake and the AHEI-
2010 score in 2006 (also for the individual AHEI item for
probable insomnia) and their 95% CIs between subjects with and
without probable insomnia and also across categories for each
insomnia symptom as assessed in 2004 after adjustment for age,
ethnicity (Caucasian; yes or no), smoking status, alcohol drinking,
BMI, physical activity, marriage status, living status (alone or not),
AHEI-2010 (2002), total energy intake (2002), caffeine (quintiles),
regular use of aspirin, depression symptoms, use of antidepressant
drugs, the presence of elevated total cholesterol, high blood pres-
sure, elevated triglycerides, sleep duration, and snoring frequency.
Participants without probable insomnia were used as the reference
group. As for individual insomnia symptom, we assigned a numeric
value to insomnia-symptom categories [0 = rarely or never have an
insomnia complaint (reference); 1 = sometimes; and 2 = most of the
time] and treated it as a continuous variable for trend testing.

We investigated the joint effect of probable insomnia and de-
pression on total energy intake and diet quality because insomnia
could result in depression symptoms (22), and having depression

symptoms is related to an unhealthy diet (23). Because the
American Academy of Sleep Medicine included daytime im-
pairment as a characteristic of insomnia (24), we also examined the
joint effect of probable insomnia and daytime sleepiness to parse
out their effects on the aforementioned outcomes. To minimize the
possibility that the potential insomnia-diet relation could have been
due to the use of common hypnotics, we conducted a sensitivity
analysis by excluding participants who reported the use of ben-
zodiazepine and melatonin. All analyses were performed with the
SAS statistical package (version 9; SAS Institute).

RESULTS

Basic characteristics

Of 15,273 men, 3816 individuals (25%) met the criteria of
having probable insomnia at baseline (Table 1). In general,
probable insomnia was associated with lower physical activity,
higher BMI, and greater prevalences of frequent snoring, de-
pression symptoms, elevated cholesterol and triglycerides con-
centrations, and high blood pressure (Table 1).

Probable insomnia, energy intake, and diet quality

Men with probable insomnia had significantly higher energy
intake than did men with no probable insomnia, which was

TABLE 1

Baseline characteristics of participants according to probable insomnia

status in 2004 in the HPFS1

Insomnia

PNo Yes

Participants, n 11,457 3816 —

Age, y 67.6 6 7.82 67.0 6 8.1 ,0.001

BMI, kg/m2 25.5 6 4.3 25.8 6 4.4 ,0.001

Caucasian, % 97.0 96.2 0.02

Marriage status (married), % 89.4 87.6 0.001

Living alone, % 7.7 9.4 ,0.001

Past smoker, % 49.7 51.3 0.13

Current smoker, % 3.3 3.1 0.40

Alcohol, g/d 14.1 6 16.8 12.7 6 15.7 ,0.001

Physical activity, MET-h/wk 50.8 6 48.7 42.1 6 42.1 ,0.001

Alternate Healthy Eating

Index

52.2 6 11.4 51.4 6 11.4 ,0.001

Total calories, kcal/d 2049.0 6 617.3 2049.0 6 631.4 0.98

Use of aspirin, % 58.3 58.6 0.96

Sleep duration, h/d 7.1 6 1.0 6.9 6 1.0 ,0.001

Frequent snoring, % 33.2 37.9 ,0.001

Depression symptom,3 % 6.3 17.5 ,0.001

Elevated cholesterol, % 55.4 60.2 ,0.001

Elevated triglycerides, % 36.9 42.2 ,0.001

High blood pressure,4 % 47.2 53.6 ,0.001

Caffeine, mg/d 153.4 6 152.5 155.3 6 151.0 0.57

1Values were standardized to the age distribution of the study popula-

tion except for age. HPFS, Health Professionals Follow-Up Study; MET-h,

metabolic equivalent task hours from recreational and leisure-time activities.
2Mean 6 SD (all such values).
3Defined as the use of antidepressant medications or an affirmative

answer to the question “feel blue, sad or depressed?”
4Considered as either a physician diagnosis of hypertension or use of an

antihypertensive medication.
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independent of other covariates (P# 0.01) (Table 2). As for diet
quality, we did not observe a trend for a lower AHEI score in
men with probable insomnia. When we examined the associa-
tions between probable insomnia and individual AHEI items,
participants with probable insomnia had lower scores in trans
fat, vegetables, and sodium (P # 0.01 for all) (Figure 1).

We observed significant relations between the frequency of
specific insomnia symptoms (difficulty initiating sleep and non-
restorative sleep) and energy intake (P-trend # 0.007 for both)
(Table 2). A similar pattern was observed in men with difficulty
initiating sleep (P-trend = 0.07) but not for early-morning
awakenings. We noted a significant trend in a decreasing AHEI
score as the frequency of difficulty initiating sleep increased but
not for other insomnia symptoms (P-trend = 0.004) (Table 2).

When we restricted analyses to those who did not use benzo-
diazepine and melatonin, we obtained similar significant results
between probable insomnia and higher consumption of energy,
trans fat, vegetables, and sodium (data not shown). Also, because
sleep duration and insomnia symptoms are closely related, we
conducted a sensitivity analysis without adjustment for sleep
duration, but the results remained consistent (data not shown).

Compared with men with no probable insomnia and no de-
pression symptoms, those with 1) only probable insomnia and 2)
both probable insomnia and depression symptoms had signifi-
cantly higher energy intake (Figure 2A). After adjustment for
other covariates, participants with both probable insomnia and

depression symptoms had highest energy intake followed by
individuals with only probable insomnia (P , 0.01 for both). In
terms of diet quality, men with both probable insomnia and
depression symptoms had a significantly lower AHEI score than
did those who were free of those symptoms (Figure 2B).

We also investigated the joint effect between probable in-
somnia and daytime sleepiness and showed that men with 1) only
probable insomnia, 2) only daytime sleepiness, or 3) both
probable insomnia and daytime sleepiness all had significantly
greater energy intakes relative to those of participants without
those conditions (Figure 3A). Men with both probable insomnia
and daytime sleepiness had the highest energy intake followed
by men with only probable insomnia and only daytime sleepi-
ness (P , 0.05 for all). In contrast, we did not observe signif-
icant associations between the joint effects of probable insomnia
and daytime sleepiness and the AHEI score (Figure 3B).

DISCUSSION

In this large cohort, we observed that men with probable in-
somnia had higher energy intake and lower scores for 3 individual
AHEI items (trans fat, vegetables, and sodium). In addition,
difficulty maintaining sleep, nonrestorative sleep, and difficulty
initiating sleep were associated with greater energy intake,
whereas difficulty initiating sleep was related to a lower AHEI
score. These associations were independent of a variety of

FIGURE 2 Joint effect of probable insomnia and depression symptoms on energy intake (kcal) (A) and diet quality (AHEI) (B). *P , 0.05, **P , 0.01,
***P , 0.001. AHEI, Alternate Healthy Eating Index.

466 CHENG ET AL.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/104/2/462/4564601 by guest on 03 D

ecem
ber 2018



lifestyle factors and medical comorbidities that are known to af-
fect nutrition behavior and outcomes.

Previous clinical and epidemiologic studies have been
generally consistent in reporting that sleep deprivation or poor
sleep quality is associated with greater caloric intake (10–12,
25–29). However, most of these studies were limited by one or
more factors, which included the use of small sample sizes, an
investigation of only one characteristic of sleep, and inducing
sleep deprivation or poor sleep quality in a controlled clinical
setting rather than studying individuals who were already af-
fected by sleep problems in the community setting. Thus, to
address these gaps in literature, we conducted a community-
based analysis on the association between probable insomnia
and future nutrition outcomes in a large population-based
cohort.

Of epidemiologic studies, participants with poor sleep quality
or short-duration sleep consumed an average of between 7 and
314 kcal/d more than did individuals with normal sleep duration
or quality (25–29). Our result falls in the lower spectrum of that
range and is apparently modest. Because we excluded in-
dividuals with a physician diagnosis of cancer, cardiovascular
disease, and diabetes and adjusted for a variety of lifestyle factors
and comorbidities, the result could potentially reflect the pure
effect of probable insomnia on caloric intake.

In our current study, we observed that men with probable
insomnia had significantly lower scores for 3 individual diet
quality items (i.e., trans fat, vegetables, and sodium), which
was consistent with previous findings. Stern et al. (26) con-
ducted a cross-sectional analysis (n = 769) and showed that
women in the lowest category of sleep quality (very restless or
restless) had the lowest AHEI scores. An inferior diet behavior
was also noted with male smokers between the ages of 50–69 y
in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention
Study (30), which showed that subjects with insomnia had
lower vegetable consumption than did other smokers with no
insomnia (30). Similarly, in the Three-generation Study of
Women on Diets and Health in 3129 Japanese women (mean
age: 47 y), subjects with poor sleep quality consumed less
vegetables and more confectionary items (13). In general, in-
somnia symptoms have been linked with less-desirable nutrient
intake (14–16).

There are several potential mechanisms to explain the observed
associations in insomnia, energy intake, and diet quality (31).
Some researchers have proposed that poor sleep quality or sleep
insufficiency could alter appetite hormones such as ghrelin and
leptin and increase the hunger sensation (“homeostatic drive to
eat”) (31), but evidence behind this hypothesis has remained in-
consistent. Some (26, 32) but not all (33, 34) studied have shown

FIGURE 3 Joint effect of probable insomnia and daytime sleepiness on energy intake (kcal) (A) and diet quality (AHEI) (B). *P , 0.05, ***P , 0.001.
AHEI, Alternate Healthy Eating Index.
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that sleep curtailment or restriction was associated with a reduc-
tion in leptin concentrations and increases in ghrelin, hunger, and
appetite. The hedonic motivation to eat has been suggested as
another promising explanation in recent studies. Moubarac et al.
(35) showed that the relation between daytime sleepiness and
sweetened-food consumption was mediated by psychological
distress, possibly suggesting that individuals with psychological
distress are selecting energy-dense food items as a way to al-
leviate their stresses and improve their moods or increase their
energy levels (31). Moreover, several studies have reported an
increase in brain sensitivity toward a food-related reward (e.g.,
unhealthy food options) after sleep restriction (36, 37). Alter-
nate underlying mechanisms also include an increased oppor-
tunity for eating (31, 38) and a higher disinhibition eating
pattern (39). However, note that most of the supporting evi-
dence has been derived from sleep-restriction studies, and
sleep restriction or duration and poor sleep quality may have
different etiologies. Thus, future studies are warranted to in-
vestigate whether the aforementioned mechanisms could be
extended to explain the observed relations in insomnia, energy
intake, and diet quality.

Our study further confirmed the differential effect of individual
insomnia symptoms on nutrition and health outcomes. We ob-
served that a difficulty maintaining sleep, nonrestorative sleep,
and a difficulty initiating sleep (trend) were associated with
greater energy intake, whereas a difficulty initiating sleep was
related to a lower overall diet-quality score. Consistently, in our
previous prospective study and a subsequent meta-analysis that
included 10 other relevant prospective studies, only the difficulty
initiating sleep and nonrestorative sleep were associated with
higher adjusted risks of cardiovascular mortality and all-cause
mortality (7).

Major strengths of our study include the relatively large sample
size, high follow-up rate, and use of a validated FFQ. Moreover,
we purposely excluded individuals with certain health conditions
and adjusted for a variety of lifestyle factors and medical com-
orbidities to minimize reverse causation. Second, the homoge-
neous nature of our cohort regarding the socioeconomic background
could have helped to lower potential confounding that was at-
tributable to social, educational, and health care disparities. Third, to
unravel the complex associations of insomnia with both depression
and daytime sleepiness, we conducted joint-effects models, which
showed probable insomnia was an independent risk factor for an
inferior nutrition outcome.

Several limitations should be considered when interpreting our
outcomes. First, this cohort included mostly Caucasian men who
were US health professionals. Thus, our results might not be
generalizable to other populations. However, the estimated 25%
prevalence of probable insomnia in this cohort was comparable to
that in the general population (10–30% Americans) (1). Fur-
thermore, similar results have been noted in other studies (29,
40) with different populations such as in young female students
and postmenopausal women. Second, although current models
suggested that men with probable insomnia had higher intakes
of total energy, trans fat, and sodium and lower intake of veg-
etables than did subjects without probable insomnia, the alter-
nate direction could also have been possible. For instance, high
sodium intake or having certain underlying diseases could impair
sleep quality. To address this issue, we controlled for baseline di-
etary components, excluded individuals with cancer, cardiovascular

disease, or diabetes, and adjusted for a variety of lifestyle factors
and medical comorbidities. However, we could not totally exclude
the possibility of reverse causality. Third, the accuracy of an FFQ in
the estimation of total energy and nutrient intakes has been of
concern. In a recent validation study that was based on 632
participants in the Nurses’ Health Study, Yuan et al. (41)
compared intakes of energy and nutrients that were estimated
with the FFQ that was used in the current study with intakes
that were measured with two 7-d dietary records (7DDRs) and
concluded that the FFQ provided “reasonably valid estimates
for intakes of a wide variety of dietary variables.” However,
compared with 7DDRs, the FFQ underestimated sodium intake
(2061 mg/d on the basis of the FFQ and 2647 mg/d on the basis
of the average of two 7DDRs) and overestimated energy intake
(1857 kcal/d on the basis of the FFQ and 1741 kcal/d on the
basis of the two 7DDRs)]. Future studies are needed to repli-
cate these associations with the use of other dietary assessment
tools such as 7DDRs. Last, we did not have information on the
timing of food intake (i.e., eating closer to bedtime), which
could have affected sleep patterns.

In conclusion, this large cohort study of men suggests that
probable insomnia and certain insomnia symptoms may have
a potential unfavorable impact on diet. Future studies are war-
ranted to replicate these associations in other populations and
with other objective measures of insomnia.
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J. Food and nutrient intake in relation to mental wellbeing. Nutr J 2004;
3:14.

31. Chaput J-P. Sleep patterns, diet quality and energy balance. Physiol
Behav 2014;134:86–91.

32. Spiegel K, Tasali E, Penev P, Van Cauter E. Brief communication:
Sleep curtailment in healthy young men is associated with decreased
leptin levels, elevated ghrelin levels, and increased hunger and appetite.
Ann Intern Med 2004;141:846–50.

33. Littman AJ, Vitiello MV, Foster-Schubert K, Ulrich CM, Tworoger SS,
Potter JD, Weigle DS, McTiernan A. Sleep, ghrelin, leptin and changes
in body weight during a 1-year moderate-intensity physical activity
intervention. Int J Obes (Lond) 2007;31:466–75.

34. Nedeltcheva AV, Kilkus JM, Imperial J, Kasza K, Schoeller DA, Penev
PD. Sleep curtailment is accompanied by increased intake of calories
from snacks. Am J Clin Nutr 2009;89:126–33.

35. Moubarac J-C, Cargo M, Receveur O, Daniel M. Psychological distress
mediates the association between daytime sleepiness and consumption
of sweetened products: cross-sectional findings in a Catholic Middle-
Eastern Canadian community. BMJ Open 2013;3:e002298.

36. Benedict C, Brooks SJ, O’Daly OG, Almèn MS, Morell A, Åberg K,
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