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There exisTs an epidemic of obesiTy in The 
WesTern World ThaT is affecTing adulTs 
and children alike. in parTicular, cenTral 
obesity has been associated with hypertension, dyslipidemia, 
insulin resistance, fatty liver disease, and type 2 diabetes.1 un-
fortunately, the current arsenal of therapeutic agents for weight 
loss and weight loss management is small and ineffective. While 
research has continued to elucidate the untoward consequences 
of obesity—specifically central adiposity—there has been lim-
ited advance in the understanding of why certain populations 
accumulate adipose tissue centrally.

in concert with the increase in obesity, there has been a 
decrease in the daily sleep duration over the last several years. 
only 38% of american adults reported obtaining 8 h of sleep 
in 2001, and that number decreased to 28% by 2009.2 over 
the last decade, evidence has suggested a role for short sleep 
duration as a risk factor for weight gain and obesity. The pro-
posed mechanisms include reduced physical activity due to 
sleep deprivation3 and increased caloric intake secondary to 
neurohormonal changes.4 furthermore, longer duration of 

sleep (> 8 h) is correlated with depression, a known predictor 
of weight gain.5

While the current literature reports an inverse relationship 
between sleep duration and obesity in children6,7 and adults,6-8 
the current literature has either been cross-sectional in design 
or used general measures of adiposity such as bmi and weight. 
few studies have examined precise measures of central adipos-
ity. additionally, they have not studied large numbers of under-
represented minorities, groups at high risk of obesity.

The iras family study employed computed tomography 
(cT) scanning of the abdomen in a large cohort of african 
american and hispanic american men and women. This study 
is longitudinal and has obtained self-report measures of sleep 
duration. our goal is to determine whether sleep duration is as-
sociated with 5-year changes in cT-derived visceral (VaT) and 
subcutaneous adipose tissue (saT) areas.

METHODS
The iras family study was designed to explore genetic and 

epidemiologic contributions to abdominal adiposity and glu-
cose homeostasis traits among hispanic and african americans 
using a family-based design. The study was an extension of the 
insulin resistance atherosclerosis study (iras), in which the 
primary objective was to determine the relationship between 
insulin resistance and atherosclerosis in 1625 individuals. in the 
iras family study, family members of the iras cohort were 
recruited to participate in a baseline clinical examination be-
tween 1999 and 2002. additional families were recruited from 
the general population to supplement the iras families. as-
certainment and recruitment of families were based upon fam-
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ily size, and not on extreme phenotype (e.g., diabetes, obesity). 
hispanic families were recruited from san antonio, Tx, and 
the san luis Valley, co. african american families were re-
cruited from los angeles, ca. follow-up examinations were 
conducted approximately 5 years after baseline examinations. 
The institutional review boards at the respective institutions ap-
proved the protocol, and written informed consent was given 
by each participant.

of the initial 1856 participants, aged 18 to 81 years, who at-
tended the baseline iras family study examination, 1427 par-
ticipated in the follow-up examination. overall, there were 405 
(21.8%) who did not attend the follow-up visit and 24 (1.3%) 
who died between visits. Those who died in the interim were 
older and sicker, and the non-attenders at follow-up had lesser 
abdominal fat areas compared with those who attended. for this 
report, we also excluded 320 participants who had incomplete 
data, namely incomplete cT measures at baseline or follow-up. 
Thus, this report is based on 1107 people: 332 african ameri-
cans and 775 hispanics.

measurements followed identical protocols at the baseline 
and follow-up visits. height and weight were measured to the 
nearest 0.5 cm and 0.1 kg, respectively. bmi was calculated 
as weight (kg)/height (m)2. abdominal fat mass was measured 
at the l2/l3 and l4/l5 vertebral regions by cT under a com-
mon protocol at each of the 3 sites. The effective whole-body 
radiation dose for this study did not exceed 100 mrem. ex-
clusions for the cT scan included the inability to lay supine, 
weight exceeding the limit for the cT table (generally 350 to 
400 pounds), and pregnancy. all subjects were gowned, and all 
tight undergarments were removed. patients were placed in a 
supine position with the feet or head directed toward the gantry 
and with the arms above the head. care was taken to position 
the patient symmetrically on the cT table. no pads or cushions, 
other than the standard table pad, were used.

all patients received an anterior-posterior scout of the abdo-
men and pelvis (diaphragm through symphysis pubis) followed 
by 3 axial images. optimal parameters for the scout varied with 
cT model and patient body habitus. after the scout was ob-
tained, the l4-l5 disc space was located by counting the lum-
bar vertebra with L1 being the first non-rib bearing vertebra. If 
there were more or fewer than 5 non rib-bearing lumbar ver-
tebrae, the disc space closest to the iliac crest was considered 
to be L4-L5. The L2-L3 disc was identified as the second one 
above l4-l5. Three axial images were acquired. a single 10 
mm-thick image was obtained through the l2-l3 disc space, 
followed by a single 10 mm-thick axial image through the l4-
l5 disc space during suspended respiration.

scans were read centrally using idl Version 6.3 software 
(research systems, inc; boulder, co). The reading required 
that a border was drawn within the muscle separating the vis-
ceral fat from subcutaneous fat to grossly separate these com-
partments. next, the following areas were outlined and factored 
out of the visceral fat computation: liver area, intra-abdominal 
vessels, spleen, segment aorta/iliac arteries, bowel fat, and kid-
ney fat. once these areas were excluded, the areas of VaT and 
saT were calculated. VaT and saT at the l2-l3 and l4-l5 
levels were highly correlated. Thus, we chose to use l4-l5 for 
consistency with the literature, as this slice is highly correlated 
to visceral fat total volume.9

baseline sleep duration (hours) was assessed by question-
naire and categorized as ≤ 5 h, 6-7 h (reference), or ≥ 8 h. The 
sleep question read, “on average, about how many hours of 
sleep do you get a night?” dietary intake was assessed using 
the block brief 2000, a short, retrospective, 1-year, semi-
quantitative, food frequency interview. We selected total kilo-
calories and several macronutrient measures to incorporate in 
our statistical models including percent calories from sweets, 
soluble fiber, total protein, and saturated fat. Smoking status 
was assessed by questionnaire and categorized as never, cur-
rent, and former. an estimate of usual frequency of participa-
tion in vigorous activities was used with a defined response set 
ranging from “rarely or never” to “5 or more times per week.” 
An estimate of energy expenditure was derived from a modified 
1-year recall of physical activities. The unit of measurement is 
kcal energy expended per kg body weight per year. essentially, 
each activity group consists of activities requiring similar ener-
gy expenditure estimated as meTs. for this purpose, 1 meT is 
equal to 1 kcal expended/kg body weight/h and is also equal to 
the ratio of active energy expenditure to resting energy expen-
diture, where resting energy expenditure is assumed to be equal 
to 1 meT. accounting for hours of sleep (1 meT) and assuming 
that time not reported in sleep or in moderate or vigorous activ-
ity groups is spent in light activity (1.5 meTs), all time can be 
accounted for by level of energy expenditure, and an estimate 
of total energy expenditure can be derived. energy expenditure 
as estimated from this instrument ought to be consistent with 
responses to both the overall ranking of activity and with the 
frequency of participation in vigorous activity. We used educa-
tion as a surrogate for socioeconomic status (ses), based on 
the literature.10 education (highest grade or year of school com-
pleted) was assessed by questionnaire and then grouped into 3 
categories, “less than high school,” “high school graduate,” and 
“more than high school.” 

sas version 9.1 (sas institute, cary, nc) was used for 
all statistical analyses. data are presented as n (percent) for 
categorical variables and mean (sd) for continuous variables. 
univariate comparisons across sleep duration categories were 
calculated using χ2 tests of association for categorical variables, 
and one-way analyses of variance (anoVas) for continuous 
variables. in order to directly compare the impact of various 
sleep durations on accumulation of fat between the subcutane-
ous and visceral fat depots, we calculated percent change.

Three separate outcomes were modeled to test for associa-
tions with baseline sleep duration using gee1 linear regression 
with exchangeable correlation to account for family structure: 
5-year change in bmi, 5-year change in saT, and 5-year change 
in VaT. sleep duration was modeled as a categorical variable, 
and 6-7 h was set as the reference based on a review of previous 
literature and the distribution of sleep duration in the cohort.11 
Two models were fit for each outcome. In the initial models 
(model a), sleep duration was adjusted for age, gender, race, 
center, and the baseline fat measure (baseline bmi for the bmi 
change model, baseline VaT for the VaT change model, or base-
line saT for the saT change model). The second set of models 
(model b) additionally adjusted for smoking status, physical 
activity (frequency of participation in vigorous activities), total 
calories (log transformed), education, and macronutrient intake 
or kcal energy expended per kg body weight per year. interac-
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tions between gender/sleep duration on fat accumulation and 
race/sleep duration on fat accumulation were examined and 
found to be non-significant in all cases; thus our regression 
analyses included participants of both ethnic groups and gen-
ders, with adjustment for these characteristics. The interaction 
between age and sleep duration was significant for each of the 
fat change models; thus an age-sleep duration interaction was 
included in the models (age dichotomized at 40 years, the ap-
proximate median of the data). in the results we present (1) the 
adjusted mean fat accumulation for each sleep category (Table 
2 and figures); and (2) the effect size contrasted to the refer-
ence group (text below).

RESULTS
The cohort was 62% female and 30% african american. 

The mean age at baseline was 41.7 years with a range of 18 
to 81 years. mean sleep duration was 6.7 h, with 17% report-
ing ≤ 5 h, 55% reporting 6-7 h, and 28% reporting ≥ 8 h. In 
those younger than 40 years old, short sleep duration (≤ 5 h) 
was most frequently reported by hispanic men (30%), and long 
sleep duration (≥ 8 h) was most frequently reported by Hispanic 
women (53%) (Table 1a). in this sample, 67% never smoked, 
while 22% were current smokers. only 11% participated in 
vigorous activity ≥ 5 times per week, with most (37%) report-
ing 2-4 times per week. Participants reporting ≤ 5 h of sleep 
consumed more total calories (2224 kcal) than those reporting 
6-7 h (1920 kcal) or ≥ 8 h (2199 kcal). This pattern was con-
sistent with percent of calories from sweets and saturated fat 
(grams). regarding education, high school graduates were the 
largest percentage of those reporting ≤ 5 h (56%) and 6 to 7 h 
(54%). In the ≥ 40 years group, short sleep duration was most 
frequently reported by african american women (36%), and 
long sleep duration was most frequently reported by hispanic 
women (59%). (Table 1b.)

The minimally adjusted model for change in bmi revealed 
that, in the younger age group, ≤ 5 h of sleep was associat-
ed with an increase of 1.79 kg/m2 ± 0.37 kg/m2 over 5 years 
(P < 0.001), and ≥ 8 h was associated with an increase of 0.90 
kg/m2 ± 0.0.21 kg/m2 (p < 0.001), when compared to 6 to 7 h 
(Table 2). For SAT, ≤ 5 h of sleep was associated with an in-
crease of 41 cm2 over 5 years (P < 0.001), and ≥ 8 h was associ-
ated with an increase of 21 cm2 (p < 0.01) when compared to 6 
to 7 h. For VAT, ≤ 5 h of sleep was associated with an increase 
of 13 cm2 over 5 years (P < 0.01), and ≥ 8 h was associated 
with an increase of 7 cm2 (p < 0.05) when compared to 6 to 
7 h. adjustment for additional covariates in model b resulted 
in some slight attenuation of the associations. however, in all 
cases, short and long sleep duration were still significantly as-
sociated with increased accumulation of fat relative to sleep 
duration of 6 to 7 h (figures 1 and 2). in addition, short sleep 
duration had the greatest effect on fat accumulation in each fat 
depot. however, the relative impact of short sleep did not differ 
between the depots (increases of 25% and 32% for saT vs VaT, 
respectively, Table 1a).

In the older age group, there was no significant association 
between bmi, saT, or VaT and sleep duration in either model 
(Table 2). however, similar trends persisted for saT and bmi, 
with short and long sleep resulting in greater accumulation of 
fat relative to sleep durations of 6 to 7 h.

DISCUSSION
This is the first epidemiologic study to investigate the rela-

tionship between five year changes in CT measured abdominal 
adiposity with sleep duration in a large cohort of african amer-
ican and hispanic men and women. We observed in participants 
younger than 40 years of age that extremes of sleep duration 
were associated with increases in bmi, saT, and VaT fat areas 
over a 5-year period. Short sleep (≤ 5 h per night) was associ-
ated with the greatest accumulation of fat in each depot. no 
association between sleep duration and change in fat measures 
was observed in those older than 40 years of age. our study is 
unique in its longitudinal design, its use of precise measures of 
abdominal fat areas by cT, and the examination of a large mi-
nority cohort who are known to be disproportionately affected 
by metabolic disorders such as insulin resistance and diabetes.

existing literature has clearly documented the relationship 
of visceral fat accumulation and metabolic disorders, such as 

Figure 1—Five-year change in visceral adipose tissue by age
 ≤ 5 h,  6 to 7 h,  ≥ 8 h; VAT (visceral adipose tissue); () Indicates 
significant difference from 6 to 7 h (P > 0.01). Model adjusted for age, 
gender, center/race, baseline fat, and age.
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Figure 2—Five-year change in subcutaneous adipose tissue by age
 ≤ 5 h,  6 to 7 h,  ≥ 8 h; SAT (subcutaneous adipose tissue); () 
Indicates significant difference from 6 to 7 h (P > 0.01). Model adjusted 
for age, gender, center/race, baseline fat, and age.
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insulin resistance, impaired fasting glucose 
and incident type 2 diabetes.12-15 emerging 
literature has also shown that extremes in 
sleep duration are associated longitudinally 
with increases in bmi and insulin resistance, 
impaired fasting glucose, and incident type 2 
diabetes.16-20 cross-sectionally, others have 
shown a clear relationship between visceral 
and subcutaneous fat accumulation and short 
sleep duration. it is a logical conclusion, 
therefore, that extremes in sleep duration 
may result in increased incidence of meta-
bolic derangements via visceral fat accumu-
lation. Thus far, few studies have shown the 
relationship between longitudinal changes in 
precise measures of abdominal adiposity and 
extremes in sleep duration. The results of this 
study allow the connection between sleep du-
ration, visceral fat accumulation and glucose 
derangement to be made. 

sleep duration has been shown to be re-
lated to the incidence of metabolic condi-
tions including insulin resistance, metabolic 
syndrome, and incident diabetes.21 chaput 
found the adjusted odds ratio for type 2 diabe-
tes (dm) /impaired glucose tolerance (igT) 
was 1.58 (1.13–2.31) for those with 9-10 h 
of sleep and 2.09 (1.34–2.98) for those with 
5-6 h of sleep, relative to 7-8 hours after ad-
justment for potential confounding variables. 
The short and long sleepers presented with 
significantly higher total insulin area under 
the curve (p < 0.05), whereas total glucose 
auc was not different between the three 
sleep duration groups.22 gottlieb found in 
men, specifically, that shorter sleep duration 
(≤ 6 h of sleep) resulted in twice the rate of 
incident type 2 diabetes as that in the refer-
ence group (7-8 h). compared with those 
sleeping 7 to 8 h per night, subjects sleeping 
≤ 5 h and 6 h per night had adjusted odds ra-
tios for DM of 2.51 (95% confidence interval, 
1.57–4.02) and 1.66 (95% confidence inter-
val, 1.15–2.39), respectively. adjusted odds 
ratios for IGT were 1.33 (95% confidence in-
terval, 0.83–2.15) and 1.58 (95% confidence 
interval, 1.15–2.18), respectively. subjects 
sleeping ≥ 9 h per night also had increased 
odds ratios for dm and igT. These associa-
tions persisted when subjects with insomnia 
symptoms were excluded.23

in our study, sleep duration was not associat-
ed with accumulation of abdominal fat in those 
older than 40 years of age. This is in contrast 
to one previous study, which showed that older 
adults did have differential rates of abdominal 
depot accumulation based on sleep duration.19 
our study may differ because it is a minority 
cohort, or because the rate of fat accumulation 

Table 1a—Baseline characteristics by sleep duration for participants aged less than 40 years 
(mean and SD, unless noted)   

Overall ≤ 5 h 6 to 7 h ≥ 8 h P-Value*
N 522 71 281 170  
Age, years 30.3 (6.0) 31.9 (5.5) 30.1 (5.7) 29.9 (6.5) 0.0177
African American men, 
N (%) 54 (10.3) 16 (22.5) 31 (11.0) 7 (4.1) < 0.0001

African American 
women, N (%) 86 (16.5) 19 (26.8) 47 (16.7) 20 (11.8) < 0.0001

Hispanic men, N (%) 167 (32.0) 21 (29.6) 93 (33.1) 53 (31.2) < 0.0001
Hispanic women, N (%) 215 (41.2) 15 (21.1) 110 (39.2) 90 (52.9) < 0.0001
BMI, kg/m2

Baseline 28.3 (6.5) 29.7 (7.3) 28.6 (6.3) 27.2 (6.3) 0.0278
Follow-up 29.7 (6.8) 32.5 (7.9) 29.5 (6.5) 29.0 (6.6) 0.0080
Absolute change 1.5 (3.0) 2.8 (3.1) 0.9 (2.9) 1.8 (2.9) < 0.0001
Percent change 5.8 (10.6) 9.9 (11.7) 3.8 (9.6) 7.4 (10.9) < 0.0001

SAT, cm2

Baseline 326 (175) 346 (198 ) 333 (176) 306 (162) 0.1860
Follow-up 367 (181) 416 (219) 362 (175) 356 (170) 0.1111
Absolute change 41 (79) 70 (80) 29 (76) 49 (77) 0.0006
Percent changev 20 (35)v 25 (31) 16 (33) 24 (38) 0.0221

VAT, cm2

Baseline 81 (49) 85 (53) 82 (47) 78 (49) 0.3052
Follow-up 88 (50) 102 (57) 85 (48) 87 (50) 0.0450
Absolute change 7 (30) 17 (29) 3 (30) 9 (29) 0.0063
Percent change 18 (47) 32 (45) 13 (45) 22 (50)  0.0045

Total calories, kcal 2,053 (1,059) 2,224 (1,003) 1,920 (965) 2,199 (1,196) 0.0074
% cal from sweets 11.7 (8.9) 13.2 (8.5) 11.7 (8.9) 11.1 (8.9) 0.1629
Soluble fiber (beans, 
vegs, fruit) , g 11.0 (7.6) 10.9 (6.0) 10.4 (7.4) 12.2 (8.3) 0.0412

Protein, g 83.8 (44.8) 90.5 (44.6) 78.0 (39.1) 90.5 (52.1) 0.0076
Saturated fat, g 29.6 (17.2) 32.3 (16.2) 27.5 (15.4) 31.9 (19.8) 0.0130
Smoking status, N (%)

Current 117 (22.4) 19 (26.8) 50 (17.8) 48 (28.2) 0.2814
Former 55 (10.5) 9 (12.7) 38 (13.5) 8 (4.7) 0.2814
Non-smoker 350 (67.0) 43 (60.6) 193 (68.7) 114 (67.1) 0.2814

Vigorous Physical Activity, N (%)
Rarely/Never 77 (14.8) 13 (18.3) 36 (12.8) 28 (16.5) 0.9231
1-3 times / month 117 (22.4) 12 (16.9) 69 (24.6) 36 (21.2) 0.9231
1 time/week 75 (14.4) 8 (11.3) 42 (15.0) 25 (14.7) 0.9231
2-4 times / week 195 (37.4) 29 (40.9) 105 (37.4) 61 (35.9) 0.9231
5+ times / week 58 (11.1) 9 (12.7) 29 (10.3) 20 (11.8) 0.9231

Education N (%)
< High School 136 (12.8) 26 (14.9) 59 (10.1) 51 (16.8)
High School Graduate 516 (48.7) 97 (55.8) 313 (53.8) 106 (35.0) 0.0268
> High School 407 (38.4) 51 (29.3) 210 (36.1) 146 (48.2)

Total Energy 
Expenditure 
(kcal/kg/year)

16,693 
(4,222)

17,954 
(4,552)

16,598 
(3,966)

16,324 
(4,416) 0.0316

*P-values for continuous variables are based on linear GEE models that adjust for family structure. 
P-values for ordinal categorical variables (smoking status, physical activity and education) are 
based on multinomial GEE models that adjust for family structure. The P-value for race/gender 
is based on χ2 test.
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in the older age group was quite small. our 
unique observation suggests that targeted inter-
ventions should focus on young adults.

in addition to targeting the younger age 
group, our work, consistent with others, sug-
gests that ethnic minorities are at high risk for 
extremes of sleep duration. previous studies 
have shown that ethnic minorities, african 
americans in particular, consistently report 
shorter sleep durations than their white or 
hispanic counterparts. hale found that black 
respondents, aged 18 and older, had an in-
creased risk of being short (≤ 6 h/night) and 
long (≥ 8 h/night) sleepers (OR = 1.41,95% 
CI = 1.27–1.57 and OR = 1.62, 95% CI = 
1.40–1.88, respectively) relative to white 
respondents.24 in that study, living in an in-
ner city was associated with increased risk of 
short sleeping and reduced risk of long sleep-
ing, compared to non-urban areas, a finding 
that possibly explained some of the higher 
risk of short sleeping among blacks who are 
more likely to live in the inner city. similar 
results were seen in other studies investigat-
ing african american children and young 
adults.25,26 similarly, our analysis showed that 
the women in these ethnic minority groups 
were at particularly high risk for extremes in 
sleep duration. The younger african ameri-
can women were one of the largest groups 
(27%) of participants reporting ≤ 5 h of sleep 
second to hispanic men (30%). although the 
adipose accumulation – sleep duration associ-
ation did not differ by racial group, more af-
rican american women than hispanic women 
were in the shorter sleep duration category, 
which we have shown to be associated with 
higher adiposity accumulation.

These levels of adipose tissue accumula-
tion associated with extremes in sleep dura-
tion in the younger age group are clinically 
significant, being consistent with the effect 
sizes associated with future risk of type 2 dia-
betes found in other studies.12-15,27 boyko and 
colleagues observed that those persons who 
progressed to type 2 diabetes had VaT areas 
that were 20 cm2 larger than those who did not 
progress to type 2 diabetes.12 similar results 
were seen in the health abc study where an 
additional 35 cm2 in VaT area differentiated 
those developing diabetes from those not de-
veloping type 2 diabetes.27 in our study, the 
increases in VaT and saT among those with 
short sleep duration were 12 cm2 and 69 cm2. 
These increases are similar with previously 
determined effect sizes, thereby suggesting 
that this accumulation of abdominal fat may 
lead to adverse metabolic consequences in 
these young adults.

Table 1b—Baseline characteristics by sleep duration for participants aged 40 years or older 
(mean and SD, unless noted)   

Overall ≤ 5 h 6 to 7 h ≥ 8 h P-Value*
N 585 113 325 147  
Age, years 51.9 (9.1) 53.7 (10.2) 51.2 (8.3) 52.1 (9.6) 0.0455
African American men, 
N (%) 72 (12.3) 21 (18.6) 48 (14.8) 3 (2.0) < 0.0001

African American 
women, N (%) 120 (20.5) 41 (36.3) 63 (19.4) 16 (10.9) < 0.0001

Hispanic men, N (%) 129 (22.1) 13 (11.5) 75 (23.1) 41 (27.9) < 0.0001
Hispanic women, N (%) 264 (45.3) 38 (33.6) 139 (42.8) 87 (59.2) < 0.0001
BMI, kg/m2

Baseline 29.6 (5.9) 31.4 (7.1) 29.3 (5.6) 28.8 (5.0) 0.0131
Follow-up 30.1 (6.1) 32.1 (7.5) 29.8 (5.6) 29.3 (5.8) 0.0041
Absolute change 0.6 (2.6) 0.8 (2.5) 0.5 (2.7) 0.5 (2.3) 0.6569
Percent change 2.2 (9.1) 2.6 (7.9) 2.4 (9.9) 1.7 (7.9) 0.5566

SAT, cm2

Baseline 361 (156) 392 (173 ) 352 (154) 358 (145) 0.0670
Follow-up 374 (160) 412 (183) 363 (156) 368 (149) 0.0262
Absolute change 13 (66) 20 (61) 11 (68) 10 (64) 0.3161
Percent changev 6 (21) 7 (19) 6 (22) 5 (21) 0.6696

VAT, cm2

Baseline 126 (59) 139 (65) 121 (57) 127 (59) 0.0070
Follow-up 127 (62) 136 (61) 124 (61) 125 (64) 0.1016
Absolute change 1 (37) -3 (35) 3 (37) -2 (39) 0.2446
Percent change 5 (34) 2 (27) 7 (35) 3 (38) 0.1757

Total calories, kcal 1,611 (815) 1,614 (970) 1,583 (738) 1,671 (850) 0.5662
% cal from sweets 12.0 (10.2) 12.2 (10.8) 11.8 (10.3) 12.4 (9.5) 0.8294
Soluble fiber (beans, 
vegs, fruit) , g 11.3 (7.3) 11.2 (8.4) 11.3 (6.6) 11.2 (7.7) 0.9754

Protein, g 65.7 (34.9) 62.9 (40.3) 65.2 (31.8) 68.9 (36.8) 0.4349
Saturated fat, g 22.4 (13.1) 22.7 (15.0) 21.7 (11.7) 23.9 (14.3) 0.2564
Smoking status, N (%)

Current 134 (22.9) 36 (31.9) 67 (20.6) 31 (21.1) 0.0119
Former 172 (29.4) 39 (34.5) 92 (28.3) 41 (27.9) 0.0119
Non-smoker 279 (47.7) 38 (33.6) 166 (51.1) 75 (51.0) 0.0119

Vigorous Physical Activity, N (%)
Rarely/Never 186 (31.8) 46 (40.7) 89 (27.4) 51 (34.7) 0.1567
1-3 times / month 127 (21.7) 21 (18.6) 69 (21.2) 37 (25.2) 0.1567
1 time/week 66 (11.3) 7 (6.2) 47 (14.5) 12 (8.2) 0.1567
2-4 times / week 153 (26.2) 23 (20.4) 90 (27.7) 40 (27.2) 0.1567
5+ times / week 53 (9.1) 16 (14.2) 30 (9.2) 7 (4.8) 0.1567

Education N (%)
< High School 136 (12.8) 26 (14.9) 59 (10.1) 51 (16.8)
High School Graduate 516 (48.7) 97 (55.8) 313 (53.8) 106 (35.0) 0.0268
> High School 407 (38.4) 51 (29.3) 210 (36.1) 146 (48.2)

Total Energy 
Expenditure 
(kcal/kg/year)

15,741 
(3,570)

15,743 
(3,916)

15,922 
(3,414)

15,339 
(3,623) 0.2596

*P-values for continuous variables are based on linear GEE models that adjust for family structure. 
P-values for ordinal categorical variables (smoking status, physical activity and education) are 
based on multinomial GEE models that adjust for family structure. The P-value for race/gender 
is based on a χ2 test.
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sleep patterns based on day of week, or use of sleep aids, nor 
did we inquire about a sleep apnea diagnosis, or perform a sleep 
study. studies have shown that self-report is a reasonable mea-
sure of actual sleep but people can overestimate the amount 
of sleep received compared to measured amounts.30,31 We also 
did not obtain data on important confounders such as depres-
sive symptoms, a well-known correlate of sleep disorders32 and 
obesity.33 However, our findings persisted after adjustment for 
a number of potential confounders including physical activity, 
dietary patterns, and ses.

In summary, our study is the first to describe the effect of 
sleep duration on changes in cT-derived abdominal fat de-
pots in a large minority cohort. in the younger age group, we 
observed significant 5-year increases in BMI, VAT, and SAT 
with 5 hours or less and 8 hours or more of sleep compared 
to 6-7 hours. other reports have observed that extremes in 
sleep duration are related to poor metabolic outcomes includ-
ing increased rates of obesity, insulin resistance, and type 2 
diabetes. short sleep has become more common in the us, 
and minorities are disproportionately affected. as we continue 
to explore the reasons for the rapidly climbing obesity and 
diabetes rates among young people, particularly ethnic minor-
ity groups, our results linking extremes in sleep duration with 
increases in abdominal fat areas may explain a component of 
the increase. 
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identifying extremes in sleep duration as a potential mecha-
nism for increased visceral fat accumulation in young people 
and its subsequent risk of metabolic derangements will have 
direct clinical and research implications. in our study, there 
was no evidence that short sleep duration differentially im-
pacted the VaT vs saT depots. it was evident, however, that 
short sleep tended to impact adiposity more than long sleep. 
The proposed mechanisms by which shorter sleep impacts fat 
depots are 2-fold: (1) increased caloric intake via increased 
hunger caused by increased leptin/ghrelin and increased op-
portunity to sleep; and (2) reduced energy expenditure via al-
tered thermoregulation and increased fatigue.8 both increased 
caloric intake and decreased vigorous activity were observed 
in our short sleep group.

in clinical practice, discussion about and encouragement 
of adequate sleep duration should be just as important as 
healthy diet and increased physical activity. This will be par-
ticularly relevant for people as they make life transitions such 
as college, marriage, and childbearing, because these times 
are often associated with sleep deprivation in younger ages. 
in the research arena, since it is becoming clear that sleep 
duration has significant impact on glucose regulation, blood 
pressure and other hormone levels,17,28,29 it will be crucial to 
adjust for sleep duration in studies related to metabolism and 
its regulation.

There were a few limitations of our study. first, our expo-
sure assessment was somewhat limited. since this study was 
not designed to characterize sleep, we only assessed quantity 
of sleep through self-report, not quality of sleep, differential 

Table 2—Sleep duration as a predictor of five-year change in BMI and CT-measured adipose tissue areas

Model A*
BMI (kg/m2) SAT (cm2) VAT (cm2)

LS Mean Standard 
Error

Pairwise 
P-Value LS Mean Standard 

Error
Pairwise 
P-Value LS Mean Standard 

Error
Pairwise 
P-ValueAge: < 40 y

≤ 5 h 2.70 0.37 < 0.0001 68.21 9.79 0.0001 11.89 3.92 0.0013
6-7 h (reference) 0.91 0.14 - 26.93 4.26 - -1.46 1.85 -
≥ 8 h 1.81 0.21 0.0004 47.54 5.93 0.0030 5.64 2.30 0.0114

Age: ≥ 40 y
≤ 5 h 0.68 0.24 0.5018 18.20 4.97 0.1077 4.42 3.73 0.5522
6-7 h (reference) 0.49 0.15 - 8.58 3.47 - 6.90 2.09 -
≥ 8 h 0.60 0.20 0.6118 13.52 4.85 0.3999 4.85 3.03 0.5685

P-value for interaction 0.0013 0.0210 0.0093
Model B**

Age: < 40 y
≤ 5 h 2.59 0.38 < 0.0001 63.79 9.60 < 0.0001 12.25 3.89 0.0024
6-7 h (reference) 0.80 0.17 - 22.22 5.00 - -0.96 2.31 -
≥ 8 h 1.57 0.24 0.0025 42.13 6.97 0.0046 4.70 2.59 0.0399

Age: ≥ 40 y
≤ 5 h 0.73 0.24 0.3755 19.64 5.17 0.0520 3.82 3.97 0.4473
6-7 h (reference) 0.48 0.16 - 7.74 3.75 - 7.14 2.08 -
≥ 8 h 0.60 0.22 0.5854 11.98 5.68 0.4978 4.51 3.12 0.4781

P-value for interaction 0.0036 0.0397 0.0103

*Model A adjusted for age, gender, center/race, baseline fat, and age by sleep duration interaction; **Model B is Model A plus adjustment for smoking status, 
physical activity, total calories and education
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