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Abstract

Background.—Although the consequences of sleep deficiency for obesity risk are increasingly
apparent, experimental evidence is limited and there are no studies on body fat distribution.

Objectives.—To investigate the effects of experimentally-induced sleep curtailment in the setting
of free access to food on energy intake, energy expenditure, and regional body composition.

Methods.—Twelve healthy, nonobese individuals (9 males, age range 19 to 39 years) completed
a randomized, controlled, crossover, 21-day inpatient study comprising 4 days of acclimation,

14 days of experimental sleep restriction (4 hour sleep opportunity) or control sleep (9 hour

sleep opportunity), and a 3-day recovery segment. Repeated measures of energy intake, energy
expenditure, body weight, body composition, fat distribution and circulating biomarkers were
acquired.

Results.—With sleep restriction vs control, participants consumed more calories (P=0.015),
increasing protein (P=0.050) and fat intake (~=0.046). Energy expenditure was unchanged
(all #s>0.16). Participants gained significantly more weight when exposed to experimental
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sleep restriction than during control sleep (£=0.008). While changes in total body fat did not
differ between conditions (£=0.710), total abdominal fat increased only during sleep restriction
(P=0.011), with significant increases evident in both subcutaneous and visceral abdominal fat
depots (P=0.047 and P=0.042, respectively).

Conclusions.—Sleep restriction combined with ad /ibitum food promotes excess energy intake
without varying energy expenditure. Weight gain and particularly central accumulation of fat
indicate that sleep loss predisposes to abdominal visceral obesity.

Condensed Abstract

In this randomized, controlled, crossover, 21-day inpatient study, healthy adults exposed to
experimental sleep restriction vs control sleep in the setting of free access to food increased

their energy intake with no changes in energy expenditure. This resulted in weight gain and
accumulation of excess fat in the abdominal region, including increases in visceral fat. These data
show that sleep restriction in combination with overeating predisposes to obesity and especially
central obesity. As abdominal fat accumulation is a potent risk factor for cardiometabolic disease,
these data have compelling public health significance.

Tweet

# MayoClinic study shows that shortening sleep causes increased food intake and weight gain,
and especially increases in intra-abdominal fat — this highlights the important implications of
insufficient sleep for cardiometabolic risk

Keywords
energy intake; obesity; sleep; sleep restriction; visceral fat; weight gain

Introduction

Habitual sleep deficiency affects more than one-third of the US adult population (1),

and has been linked to obesity, morbidity and premature mortality (2,3). Although null
findings have been reported,(4,5) observational population-based data implicating short
sleep duration as a factor promoting obesity are strongly suggestive yet inferential (6-11).
Conversely, experimental studies on sleep curtailment and weight regulation are limited
and conflicting, and few laboratory-based investigations monitored concurrently both energy
intake and energy expenditure (12-17). In addition, whether sleep loss actually induces
fat gain is unclear, with major limitations of previous studies including short duration of
sleep manipulation and use of surrogate measures of adiposity. Relatedly, an unanswered
and more relevant question is where the excess fat is stored, since accumulation of fat in
the abdominal cavity (visceral obesity) is more hazardous than other obesity phenotypes
(18-21).

In this randomized, controlled, crossover, 21-day inpatient study we sought to investigate
the effects of prolonged sleep restriction vs normal (control) sleep on energy intake, energy
expenditure, and regional fat storage in healthy, nonobese individuals.
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This was a randomized, controlled, crossover study comparing sleep restriction vs control
sleep in a 21-day, inpatient setting. Study periods were separated by a washout interval of at
least 3 months. The study was registered at Clinical Trials.gov (NCT01580761).

Exclusion criteria were as follows: age <18 or >50 years old, body mass index

(BMI) >30 kg/m?, tobacco use, pregnancy or breastfeeding for women, any medical or
psychiatric diseases, use of prescription medications with exception of oral contraceptives
or intrauterine devices, or second generation antihistamines, and a history of irregular sleep
patterns (with regular sleep pattern defined as nocturnal sleep duration of 7-8 hours without
daytime naps).

Recruitment was by word of mouth, and advertisements posted on Mayo Clinic websites
and clinicaltrials.gov. After a pre-screening phone interview, those who met initial criteria
underwent an overnight screening at the Clinical Research and Trial Units at Mayo

Clinic Hospital, Saint Marys Campus to confirm eligibility. Medical history and physical
examination were conducted to ascertain health status, with absence of sleep disorders
demonstrated by polysomnography (PSG). Urine pregnancy test was confirmed as negative
in all female participants.

The study was approved by the Mayo Clinic Institutional Review Board and conducted
in conformity with the Declaration of Helsinki. All participants provided written informed
consent.

Randomization and masking

Procedures

Randomization to study sequences (sleep restriction or control sleep first), stratified by sex,
was generated and allocated by study staff in a 1:1 ratio. Because of the impracticality

of blinding sleep opportunities, participants were not masked to group assignment.
Investigators were blinded during data processing.

One week prior to beginning each inpatient study visit, participants were asked to follow

a standardized sleep/wake schedule with =8 hours/night of time in bed to reduce the
possibility of sleep debt at study entry. Adherence to this schedule was objectively
confirmed by wrist actigraphy (MotionWatch 8, CamNtech, Cambridge, UK; mean+SD rest
time prior to visits 1 and 2: 515.7+23.3 min and 520.9+22.6 min, respectively). During this
time participants were also required to refrain from alcohol, caffeine and vigorous exercise.

Following admission, participants remained in the research unit for the entire duration of
each study period. Each period consisted of an initial 4-day acclimation (baseline) segment,
followed by a 14-day experimental phase, and 3 days for recovery, with total in-laboratory
study duration of 21 days (Figure 1). A 9-hour time in bed (22:00-7:00) was allowed
throughout the entire 21-day control sleep condition, and also during the acclimation and
recovery segments of the sleep restriction condition, while nocturnal time in bed was
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restricted to 4 hours (00:30-4:30) during the 14-day/14-night experimental phase of sleep
restriction, similar to previous studies.(14,15,22) Participants were studied in a sedentary
setting with ad /ibitum food access. Participant adherence to sleep prescriptions was ensured
by real-time PSG monitoring and direct observation by study staff. See the Supplemental
Material for additional information on inpatient study setting.

Serial outcome assessments were performed throughout the inpatient protocol
(Supplemental Table 1), with repeated measurements taken at the same time of the day

to minimize circadian effects. The primary outcome was mean change in daily calorie intake
from acclimation to experimental phase, assessed as difference between sleep restriction
and control conditions. Secondary outcomes included dietary macronutrients, resting and
postprandial energy expenditure via indirect calorimetry, non-exercise activity energy
expenditure, physical activity by accelerometry, body weight, whole-body composition
from dual energy X-ray absorptiometry (DEXA), abdominal fat distribution from computed
tomographic (CT) scans, sleep duration from 24-hour PSG, and appetite-regulatory
biomarkers. Detailed description of measurements is provided in the Supplemental Material.

Statistical analysis

Results

With 12 subjects, we had 84% power to detect a clinically meaningful difference of 500
Kcal,(12,16,23,24) given SD for energy consumption of 536 Kcal and two-sided alpha=0.05.
Due to skewed distribution of residuals from fitted models, circulating biomarkers were
transformed for analysis, and estimates back-transformed for presentation. Mixed models
were used, including condition (sleep restriction, control sleep), phase (acclimation,
experimental, and recovery) and their interaction as fixed effects, participant as a random
effect and baseline value as a covariate. For each outcome, contrasts were applied within the
mixed model approach to test between-condition differences in changes from acclimation

to experimental phase. Treatment period and sequence order effects were assessed but
excluded from final models because nonsignificant (all A>0.24). In post-hoc analysis, we
investigated time course of changes across study days by applying similar mixed models.
Because no correction for multiplicity was applied, findings from this analysis are regarded
as exploratory.

Statistical analyses were run using SPSS 25.0 (IBM SPSS Statistics), with the significance
level set at A<0.05 (two-sided).

Between May, 2013 and May, 2018, twelve healthy, nonobese individuals (9/3 males/
females, 26.5+5.8 years, BMI 24.6+3.7 kg/m?) were enrolled and completed the study
(Supplemental Figure 1). One participant withdrew prior to randomization. Characteristics
of participants randomized to sleep restriction first (n=6) were comparable to those
randomized to control sleep first (n=6; Table 1).

Outcomes are summarized in Table 2. As per study design, compared to acclimation,
PSG-derived 24-hour sleep time was reduced during the experimental segment of the
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sleep restriction condition (P<0.001), with a net difference relative to control sleep of 3.5
hours (-211.4 min, 95% CI —224.4, —198.5 min; £<0.001). Sleep rebound was seen in

the recovery phase (Supplemental Figure 2a). Nocturnal sleep architecture results showed
increased sleep efficiency (P<0.001), decreased duration of N1, N2 and R sleep stages (all
FPs<0.001), and similar duration of N3 sleep (P=0.413) during experimental sleep restriction
compared to control sleep (Supplemental Table 3).

Participants ingested significantly more calories during experimental sleep restriction in
comparison with acclimation (~17%; A<0.001), while there was a non-significant increase
relative to acclimation during control sleep (~6%; P=0.086). The adjusted between-condition
difference in changes in energy intake from acclimation to experimental phases (primary
outcome) was 308.1 Kcal/day (95% CI 59.2, 556.8 Kcal/day; £=0.015). Participants
increased protein (~13%) and fat intake (~17%) only when undergoing sleep restriction
(both P's <0.001), resulting in a relative increase of 10.9 gr/day (95% CI 0.0, 21.7 gr/day;
P=0.050) and 13.5 gr/day (95% CI 0.3, 26.8 gr/day; £=0.046), respectively. Carbohydrate
consumption was elevated in both conditions, and the between-condition difference did

not achieve significance (34.9 gr/day; 95% CI -1.9, 71.6 gr/day; £=0.063). The temporal
profile of changes in food intake is depicted in Figure 2 (a-d), indicating that excess energy
consumption was prominent during early exposure to sleep restriction, while it decreased
towards acclimation levels during recovery, with similar patterns evident for all nutrients.

Measures of energy expenditure and efficiency did not show evidence of change in response
to sleep restriction, as shown by no differences in basal metabolic rate (BMR), thermic effect
of food (TEF), energy expenditure of non-exercise activities (sitting, standing, and walking
at 1 mph, 2 mph, and 3 mph), and physical activity (expressed as total acceleration) (all ~'s
>0.16).

Body weight increased during both experimental sleep restriction and control sleep (both
FP's <0.001), but the magnitude of increase was greater following sleep restriction, with a
net weight gain of 0.5 kg (95% CI 0.1, 0.8 kg; £=0.008) when participants were exposed to
sleep curtailment. As illustrated in Figure 3a, between-condition differences in weight gain
were maximal during mid-experimental phase, and dissipated during recovery.

No significant between-condition differences in changes in body fat percentage, total fat
mass, total lean mass, or android fat mass as quantified from DEXA, were noted (all 7~'s
>0.14). By contrast, CT-derived fat measures showed that total abdominal fat area increased
significantly during experimental sleep restriction by 9% (/<0.001) but did not during
control sleep (P=0.157), yielding a relative increment of 15.2 cm? (95% CI 3.6, 26.8 cm?;
P=0.011). When considering the subcutaneous and visceral fat compartments separately,
we found that the subcutaneous fat area expanded significantly during both experimental
sleep restriction (~8%, A<0.001) and control sleep phases (~4%, £=0.024). However, the
net degree of subcutaneous fat accumulation was higher during sleep restriction (7.4 cm?;
95% CI 0.1, 14.6 cm?; P=0.047). Conversely, ~11% increase in visceral fat area occurred in
response to experimental sleep restriction (£=0.005), while no changes were seen in control
sleep (P=0.987), thus yielding a between-condition difference of 7.8 cm? (95% CI 0.3, 15.3
cm?; P=0.042). Evaluation of temporal trajectories of abdominal fat deposition (Figure 3b-e)
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showed that, in the sleep restriction condition, expansion of both subcutaneous and visceral
depots emerged early and persisted through recovery, while increments in subcutaneous fat
were noted later during control sleep.

No significant between-condition differences in changes were observed for leptin, total
ghrelin, cortisol, 2-arachidonoylglycerol (AG) and anandamide.

Discussion

This study showed that 14 days of experimental sleep restriction in the context of free access
to food caused increased energy intake in the absence of changes in energy expenditure,
leading to significant weight gain. Furthermore, in this first-ever study assessing the

effects of sleep curtailment on body fat distribution, we report the novel observation that
expansion in abdominal adipose tissue and especially visceral fat deposition occurred only
in response to shortened sleep. During sleep restriction, participants consumed considerably
more calories than during control sleep, resulting in an average net difference of 308
Kcal/day. Although the observed difference was lower than anticipated, this increased
calorie consumption retains clinical significance given the clear increases noted in clinically
relevant outcomes such as weight and abdominal fat, as discussed below. Our findings of
increased energy intake are also consistent with prior in-laboratory studies on the effects

of sleep truncation on eating behaviors (12-16), although heterogeneity in the magnitude

of reported excess intake is apparent and plausibly a function of study design (e.g., degree
and duration of sleep loss). In support of this hypothesis, we found that, comparing sleep
restriction to control sleep, propensity to overeating peaked during the early experimental
sleep restriction phase, then declined as exposure continued, and finally normalized during
recovery. A similar trend was reported by Markwald et al,(13) who noted that energy intake
was increased during the first 2 days of a 5-day sleep restriction period. This suggests that
partial adaptation to the hyperphagic effects of sleep loss may occur over time, though

this defense response appears insufficient to entirely dissipate such effects, with consequent
detrimental implications for weight gain and obesity, as discussed below.

Short sleep appears also to modulate nutritional choices, with sleep restricted participants
consuming significantly more fat and protein, consistent with prior data.(14,15)

Mechanisms underlying increased nutrient intake during sleep restriction remain unclear.
Previous research has reported perturbations in the endocrine network modulating appetite,
as indicated by increased circulating levels of orexigenic hormones such as ghrelin and
endogenous cannabinoids and reduced levels of the satiety hormone leptin (13,25,26).
However, other studies did not corroborate these findings (12,16). Consistent with the latter,
we did not observe appreciable changes in any of these markers which may implicate
central hormonal or neuronal determinants. This is in line with neuroimaging studies
reporting that sleep restricted participants exhibit exaggerated activation of brain regions
implicated in appetite control and reward in response to visual food cues and especially

to unhealthy food (27,28). The lack of compensatory changes seen in the peripheral appetite-
regulatory endocrine pathway in the face of a positive energy balance suggests a degree of
pathophysiologic dysregulation.
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The hyperphagia exhibited during sleep curtailment does not appear to be a function

of the longer activity periods, and consequently increased energy demands of protracted
wakefulness. In our study, resting energy expenditure in the basal state did not vary, nor

did standing or walking energy expenditure. Furthermore, there was no effect of sleep

loss on postprandial rise in energy expenditure and participants also maintained similar
levels of physical activity in both conditions, thus indicating that overall energy expenditure
remained unchanged during sleep restriction relative to control sleep. Data on the impact of
sleep restriction on energy expenditure are conflicting, with studies showing increases,(13)
decreases,(29) and, for the most part, no changes.(12,16,17,24) While different techniques
and measured components of energy expenditure may contribute to mixed results, pooled
estimates from a recent meta-analysis (30) support our null findings, corroborating the idea
that overeating is not simply a compensatory response to augmented energy output or daily
movements with sleep truncation. This also implies that the ensuing net positive balance

is essentially driven by a surplus of energy intake, which, in turn, could lead to weight

gain. Even if the increased eating behavior during sleep restriction is due to greater access
to food during wakefulness, it is notable that we did not see the expected compensatory
changes seen in the peripheral appetite-regulatory endocrine pathway, which again suggests
a degree of pathologic impairment. Accordingly, greater weight gain occurred during sleep
restriction, with a between-condition difference of 0.5 kg, reaffirming that sleep deficiency
causes increases in body weight.

Despite being customarily adopted as a proxy for adiposity, scale-measured weight de facto
does not convey any information on body fatness as it does not differentiate between fat
and fat-free tissues nor does it inform on regional tissue distribution. In our study, imaging
modalities enabled us to characterize changes in body composition in response to sleep
curtailment. As showed by whole-body DEXA, participants overall gained similar fat mass
during both sleep restriction and control sleep conditions, with no incremental effect of
sleep loss. Our data are consistent with previous evaluations that used air displacement
plethysmography,(24) bioimpedance,(31) as well as DEXA (16) to assess body composition
and observed no changes with experimentally-induced insufficient sleep.

However, with respect to fat deposition and its health implications, a pivotal consideration
pertains to the location of accumulated fat. By imaging and segregating abdominal fat
compartments, CT scans revealed that the subjects’ intraabdominal fat depots increased only
during sleep restriction but did not change during their control sleep. Both subcutaneous
and visceral abdominal fat increased in sleep restriction, while only a modest increase in
the subcutaneous fat but no change in visceral fat occurred during control sleep. Temporal
trajectories show increases in intraabdominal adipose tissue largely paralleled those in the
subcutaneous compartment during the experimental sleep restriction phase and remarkably
continued to increase through recovery, despite normalization of sleep and of energy
intake. These data show, for the first time, that experimentally-induced sleep curtailment
affects regional fat accumulation, favoring abdominal adiposity, and specifically centralized
partitioning of fat into the visceral depot.

It could be argued that expansion of abdominal fat depots in response to sleep restriction
simply reflects higher relative energy intake in comparison to controls. However, in
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healthy individuals, overeating leads initially to fat accumulation in the subcutaneous
regions, followed only later, once storage capacity is exceeded, by ectopic fat deposition.
Distribution of lipid storage including excess fat is indeed determined by biological
properties of subcutaneous fat and specifically its expandability threshold.(32,33) The
early and preferential accumulation of ectopic fat in the intraabdominal cavity, as seen

in our study, indicates that sleep restriction in conjunction with overeating alters lipid
storage mechanisms and potentiates susceptibility to visceral fat deposition. Since the
crossover design rules out inter-individual variability in storage of excess energy, extrinsic,
presumably sleep-dependent factors are likely implicated in these findings. Dysregulation of
the hypothalamic-pituitary-adrenal axis and endocannabinoid system have been implicated
as biological mechanisms predisposing to abdominal and visceral fat deposition. (34-36)
Although some studies reported that sleep curtailment may impact these systems (26,37),
in our exploratory analysis we did not find evidence of changes in cortisol, anandamide

or 2-AG in response to sleep loss; hence the mediators of the selective increases in
intraabdominal fat are yet to be identified.

Our findings provide the first causal evidence for the epidemiological observations linking
short sleep to abdominal obesity and to visceral fat.(7-10) Abdominal (central) obesity is
associated with poorer health status and more negative outcomes than generalized excess
adiposity and high BMI.(38-40) Within the abdominal fat compartment, mounting evidence
suggests a profoundly different pathogenic contribution from subcutaneous vs visceral
adipose tissue, two fat depots that are anatomically and functionally distinct. Compared to
subcutaneous fat, intraabdominal fat is less insulin-sensitive, metabolically more active and a
greater source of pro-inflammatory cytokines, along with exhibiting greater innervation and
vascularization (34,41), and excess visceral adipose tissue is associated with cardiometabolic
risk factors and overt diseases in several population-based studies, including in nonobese
individuals.(18-21) Visceral adiposity is also a much more powerful predictor of unfavorable
events and mortality than BMI and subcutaneous fat and retains its prognostic power

even after correcting for these other anthropometric measures.(18,19) Thus, visceral fat
expansion, which may not be readily apparent by measures of body weight or body fat
percent alone, may contribute importantly to the adverse health repercussions of sleep loss.

Short sleep is increasingly pervasive and often a behavioral choice. Recognition of its
impact on excess adiposity is pivotal for public health. Strategies to normalize sleep duration
to the recommended healthy range of 7-9 hours,(42) and control of food consumption
during sleep curtailment, may contribute to alleviate health hazards of insufficient sleep and
mitigate obesity and its comorbidities. Relatedly, short bouts of extended (recovery) sleep
may not effectively resolve the cumulative adverse metabolic effects of sleep loss. While
energy intake and weight normalized during the recovery phase in our study, resumption

of adequate sleep over a 3-day period was insufficient to reverse visceral fat deposition,
which continued to increase. Thus, the practice of weekend “catch-up sleep” as an attempt
to compensate for sleep debt accumulated during weekdays may not offset the increased
metabolic risk.
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Study strengths and limitations

Our study has numerous strengths, including a robust randomized cross-over study design;
prolonged exposure to sleep restriction; ad /ibitum food intake to mimic real-life free access
to food; repeated serial outcome assessments throughout the study; and daily monitoring of
energy intake and body weight measures. DEXA and CT imaging, as used here, are the gold
standard methods for determination of body composition and regional body fat distribution.
The application of a minimally obtrusive, ambulatory PSG recording system yielded
precise quantification and qualitative characterization of total 24-hour sleep continuously
during the 21-day study. Furthermore, unlike previous studies (13,43), our results were not
confounded by treatment period nor order effects. Limitations include a modest sample
comprising mostly of normal weight young men, which may hamper generalizability and
precluded evaluation of potential sex differences in study outcomes. As our findings were
obtained from a highly controlled, in-laboratory study, with transient, two-week duration

of exposure to sleep restriction, they may not necessarily apply to states of chronic sleep
deficiency. Similarly, findings may not be generalized to patients experiencing sleep loss
because of clinical sleep disturbances. Although confounding from circadian fluctuations
was minimized by application of a sleep restriction model that preserved sleep midpoint
and outcome measurements that were taken at the same time of the day, we cannot exclude
occurrence of a degree of circadian disruption influencing our findings. Furthermore, it is
conceivable that the impact of sleep truncation on outcomes and specifically on increases in
visceral adiposity would be attenuated if participants would have access only to food items
of high nutritional quality. The metabolic effects of experimental sleep restriction combined
with different diet compositions warrant further investigation.

Conclusions

Our study shows that prolonged experimental sleep restriction in an obesogenic setting
promotes excess energy intake without affecting energy expenditure, leading to preferential
accumulation of fat in the abdominal compartment, and especially in the visceral depot.
Our data provide insights into understanding the linkage between insufficient sleep and
heightened cardiometabolic risk, and have important implications for public health policy
and initiatives.
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Perspectives
Competency in Medical Knowledge:

Experimental sleep restriction causes excess energy intake in the absence of changes in
energy expenditure, leading to weight gain and increased abdominal visceral fat. Hence,
limited sleep combined with overeating predisposes to obesity and especially central
obesity.

Translational Outlook:

Future studies should address whether metabolic responses to sleep curtailment are
potentiated in individuals with cardiometabolic risk factors, and whether sleeping longer
improves health.
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Figure 1. Study outline.

Each 21-day study period consisted of 4 days/3 nights of acclimation (Days 1-4), then

a 14-day/14-night experimental phase (Days 5-18), followed by a 3-day/3-night recovery
(Days 19-21). Participants completed both sleep restriction and control sleep conditions in
randomized order, after a >3-month wash-out. Gray bar indicates 9 hours of time in bed
(from 22:00 to 7:00), while red bar indicates 4 hours of time in bed (from 00:30 to 4:30).
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Figure 2. Changes in energy intake and diet composition.
Adjusted mean changes from acclimation to experimental and recovery study phases in daily

calorie (@), protein (b), fat (c), and carbohydrates (d) consumption across study days. Sleep
restriction is presented in red and control sleep in gray. Error bars indicate SE.
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Figure 3. Changes in body weight and regional fat distribution.

Experimental | Recovery

Adjusted mean changes from acclimation to experimental and recovery study phases in
body weight (a), total abdominal fat (b), subcutaneous fat (c), and visceral fat (d) areas
across study days. Sleep restriction is presented in red and control sleep in gray. Error
bars indicate SE. e. Representative abdominal computed tomography scans from a study
participant during acclimation (Day 1) and experimental (Day 18) phases of control sleep
(top left and top right, respectively), and of sleep restriction (bottom left and bottom right,

respectively). Arrows indicate subcutaneous and visceral fat.
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Study Design

Sleep Restriction Control Sleep
(9-hour sleep)

(4-hour sleep)
Sy - =y

ea2Zt 2227
Q Control Sleep G Sleep Restriction
(9-hour sleep) (4-hour sleep)

21-d inpatient visit

Randomization 21-d inpatient visit Wash

. out
Screening

Acclimation Experimental Recovery Acclimation Experimental Recovery

Sleep Restriction vs Control Sleep Increased

+308 Kcal/day +0.5 Kg

Central illustration. Effects of experimental sleep restriction on obesity risk.
Twelve healthy individuals completed a randomized, controlled, crossover, 21-day inpatient

study of sleep restriction (4-hour sleep opportunity) vs control sleep (9-hour sleep
opportunity). During sleep restriction participants increased their daily energy intake by
308 Kcal compared to control sleep. Body weight increased in response to sleep restriction
vs control sleep, with significant accumulation of abdominal visceral fat (~11%).
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