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INTRODUCTION
An epidemic of obesity is occurring among children and ad-

olescents.1 In consequence, the associated problems of insulin 
resistance, elevated blood pressure (BP), and diabetes are also 
increasing in prevalence.2,3 This epidemic is setting the stage 
for long-term chronic health problems for the current genera-
tion of youth as they enter into young adulthood and mid-life.4,5

Among the multitude of potentially modifiable factors rel-
evant to these high-stakes health concerns, there are compel-
ling reasons to include a focus on sleep in adolescence. First, 
growing evidence links sleep and metabolic regulation broadly, 
and more specifically, to insulin resistance and diabetes risk in 
adulthood. Self-reported usual sleep duration, both short and 
long, are associated with insulin resistance and diabetes.6-8 Ex-
perimental evidence shows that acute sleep restriction appears 
to increase insulin resistance.9

Second, adolescence represents a period of dramatic devel-
opmental changes that create unique vulnerabilities that impact 
both sleep and metabolic regulation. Pubertal maturation acti-
vates a period of intense growth and physical development and 
changes in sleep and circadian regulation.10 In addition to these 
biological changes, adolescence is a time of vulnerability due to 
social changes that impact sleep and activity patterns. Adoles-
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cents stay up later at night for a variety of reasons,11,12 including 
social activities, media use, school activities, homework, part-
time jobs, and the 24/7 lifestyle now typical of many Ameri-
cans. Yet most adolescents must negotiate the demands of early 
school start times, resulting in the observation that up to 87% 
of US adolescents do not receive what is considered to be suf-
ficient sleep on school nights.13 Moreover, a great deal of the 
catch-up sleep (on weekends and holidays) occurs at a different 
circadian phase—introducing jet lag-like circadian shifts.

Given the large numbers of adolescents obtaining relatively 
short sleep on school nights, evidence linking short sleep and 
insulin resistance in adults, and the increasing risk for obesity-
related diseases in the current generation of adolescents, it is 
surprising how few studies have investigated the association 
between sleep and insulin resistance and diabetes risk directly 
in adolescents. Among obese adolescents and children, there 
has been no consistent association between sleep duration and 
indicators of insulin resistance in several studies.14-16 In a large 
study of children and adolescents aged 6 to 18 years not selected 
for obesity, insulin resistance was associated with short self-re-
ported sleep in girls but not boys; adjustment for waist circum-
ference attenuated the association in girls.17 In the Cleveland 
Sleep and Health Study of 387 black and white adolescents, 
short and long sleep duration measured by actigraphy was as-
sociated with age-adjusted insulin resistance as based on the 
homeostatic model assessment of insulin resistance (HOMA-
IR).18 Covariate-adjusted analyses showed that the association 
between short sleep duration and insulin resistance was largely 
attenuated by central adiposity; the association with long sleep 
duration remained significant in the fully adjusted model.

The primary objective of the present paper is to evaluate 
the associations between actigraphy and diary measures of 
sleep duration and sleep fragmentation and insulin resistance 
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in healthy black and white adolescents. This work extends the 
literature in several important ways. First, it provides a test of 
the association of insulin resistance and sleep characteristics, 
separately by school night vs. weekend, in addition to the full 
week. Second, it addresses whether central adiposity attenuates 
the association with short sleep but not with longer sleep, as 
reported in the Cleveland Health and Sleep Study. Third, it ex-
plicitly addresses whether the associations vary by race.

METHODS

Participants
We recruited 250 adolescents between the ages of 14 and 

19 years from a single public high school within 10 miles of 
downtown Pittsburgh, PA. The high school served a diverse 
population, both in terms of ethnicity and socioeconomic sta-
tus. Approval of the research project was obtained from the 
superintendent of the school district and the principal of the 
high school, as well as the University of Pittsburgh Institu-
tional Review Board. Participants were recruited from health 
or gym classes for “Pittsburgh Project Pressure,” an adolescent 
health study designed to measure stress, sleep, and risk factors 
for cardiovascular disease. Participants, and in the case of stu-
dents under the age of 18, a parent or legal guardian, provided 
written informed consent prior to any research procedures. Ex-
clusionary criteria included being treated for cardiovascular or 
kidney disease, medication use for emotional or psychological 
disorders, diabetes or blood pressure medication, and use of any 
medication known to affect the cardiovascular system or sleep. 
Obesity was not an exclusionary criterion unless it prevented 
getting resting blood pressure measures with the appropriate-
sized cuff. Sixteen students who were screened were ineligible 
to participate due to taking exclusionary medication, and 7 stu-
dents who signed consent did not actively enroll in the study. 
The final sample was 47% male and 44% non-black (primarily 
Caucasian, with two Hispanics).

Measures

Sleep
The Mini-Mitter Actiwatch model AW-16 (Phillips Respi-

ronics, Bend, OR) was used to collect actigraphy data con-
tinuously over 7 days and nights. Actigraphs were configured 
to collect data over a 1-min epoch. Stored data were down-
loaded into the Actiware software program (version 5.57) for 
processing and analysis. The medium threshold (default) was 
selected to detect nocturnal sleep periods ≥ 3 h in duration 
based upon sleep onset and offset using the 10-min criterion. 
Sleep periods occurring within 30 min of the major nocturnal 
sleep interval (either 30 min prior to sleeping or after waking) 
that were ≥ 15 min in duration were combined with the major 
sleep interval (i.e., if a 6-h sleep interval was detected from 
00:00-06:00, and a 20-min sleep interval was detected begin-
ning at 23:30, the 20-min interval was combined with the 
major sleep interval. The new major rest interval would be-
come 23:30-06:00). All subsequent sleep variables were then 
calculated from data within these set rest periods. Total sleep 
time was calculated as the time spent asleep between initial 
sleep onset and final sleep offset, excluding periods of wake-

fulness throughout the night. Sleep fragmentation, a measure 
of restlessness, was calculated as ([%1-min intervals of move-
ment during sleep + % 1-min intervals of immobility] divided 
by total 1-min immobility intervals). The actiwatch has been 
widely used in research studies and has been validated against 
polysomnography measures in clinic.19,20 A diary measure of 
total sleep time was calculated based on the time participants 
estimated they were in bed trying to go to sleep to the time 
they awakened in the morning minus self-reported sleep la-
tency and time awake during the night. The nights prior to 
vacation days during the school week were considered to be 
weekends and Sunday night was considered to be a school 
night. Sleep data were averaged across the entire week, school 
nights only, and weekend/non-school nights only.

Insulin Resistance and Glucose
Morning fasting blood samples were obtained and stored 

on ice for transport. Then serum was separated by refriger-
ated centrifuge, aliquoted, and stored at -80°C until assay. 
Samples were assayed in the Heinz Lipid Laboratory at the 
Graduate School of Public Health, University of Pittsburgh. In 
this laboratory duplicate samples, standards and control sera 
are included in each run. Serum glucose was quantitatively 
determined by an enzymatic determination utilizing coupled 
enzyme reactions.21 The laboratory coefficient of variation 
(CV) between runs is 1.8%. Insulin was measured using an 
RIA procedure developed by Linco Research Inc (Linco Re-
search, St. Charles, Missouri). An insulin-antibody complex 
was precipitated, and after centrifugation the supernatant was 
decanted and the pellets counted. The limit of sensitivity was 
2 microU/mL to 200 microU/mL in a linear fashion. The lab 
CV for insulin is 10%. Standards, blanks, quality controls, and 
a control pool were run simultaneously with all samples. The 
HOMA-IR was calculated as the product of the fasting glucose 
and insulin divided by the constant 22.5.22 Because insulin was 
highly correlated with the HOMA-IR, we report results for 
glucose and the HOMA-IR.

Covariates
Age, sex, and race/ethnicity were determined by partici-

pant self-report. Height was measured using a stadiometer, and 
weight was measured on a Tanita digital scale to one-tenth of a 
pound. Participants were asked to remove shoes, socks, coats, 
and any other excess clothing and to empty their pockets before 
being weighed. Body mass index (BMI) was calculated using 
the National Heart, Lung, and Blood Institute on-line calcula-
tor. Waist circumference was measured by research staff using 
a cloth tape measure placed at the point of the natural bend of 
the waist under clothing after 2 forced exhalations. Participants 
reported number of days during the past 7 that they were physi-
cally active for ≥ 60 min per day on a question that is part of the 
Centers for Disease Control Youth Risk Behavior Scale. Pubertal 
status was assessed based on self-reported changes in secondary 
sex characteristics.23 Pubertal status in our sample was catego-
rized as follows: for girls, 2 midpubertal, 75 advanced pubertal, 
and 50 postpubertal (with 2 missing); for boys, 1 prepubertal, 2 
beginning pubertal, 34 midpubertal, 68 advanced pubertal, and 
9 postpubertal (with 2 missing). Because of the sample distri-
butions, girls were classified into 2 groups: mid- or advanced 
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pubertal and postpubertal; boys were classified into 3 groups: 
pre- to midpubertal, advanced pubertal, and postpubertal.

Procedure
The parents or legal guardian of a student expressing interest 

in the study were contacted for a phone interview to determine 
participant eligibility. After obtaining signed informed consent 
from the parent/guardian and/or the student, parents were inter-
viewed regarding household socioeconomic status and family 
history. Eligible students were scheduled to start the protocol on a 
school day. Study staff met the student in a school administrative 
suite to review the protocol and obtain anthropometric measures. 
Participants wore the actigraph on their nondominant wrist con-
tinuously over the 7 days and nights of the study. They were also 
instructed to hit an event marker on the face of the actigraph when 
they tried to go to sleep at night and when they finally awoke in 
the morning. In addition, they answered several questions about 
their sleep in the handheld computer each morning and evening. 
A fasting venous blood draw occurred on a school day morning, 
typically between 08:00 and 10:00. Additional study procedures 
that are not relevant to the current analyses included ambulatory 
blood pressure measures, completion of a battery of psychosocial 
questionnaires, and a brief (< 10-min) semi-structured interview. 
After completion of the protocol, participants were compensated 
$100, and a follow-up report of the student’s BP, sleep, anthro-
pometric measures, and glucose and lipid levels was sent to the 
student and his or her parent/guardian.

Analysis
Data were checked for normality and outliers based on 

probability plots, box plots and skewness, and kurtosis sta-
tistics. HOMA-IR was log transformed due to skewness. Five 
participants were excluded from the analytic sample: 1 was 
missing sleep data due to equipment malfunction; 2 had BMI 
values that fell over +4 standard deviations from the mean; 
and 3 did not have the blood draw (one of whom also had el-
evated BMI). Preliminary analyses showed that self-reported 
physical activity was not related to HOMA-IR and glucose, 
independent of BMI, so it was not considered further. Prelimi-
nary analysis stratified by gender showed that pubertal status 
was unrelated to HOMA-IR but was related to fasting glucose 
in boys only. Hence, follow-up analyses adjusted for pubertal 
status in the analysis of fasting glucose. We first examined the 
distributions of glucose, HOMA-IR, BMI, and waist circum-
ference by race and gender using analysis of variance. Then 
we examined by linear regression the association between 
sleep duration and fragmentation and glucose and HOMA-IR, 
with adjustments for age, race, gender, BMI, and waist cir-
cumference. For these regressions, waist circumference was 
standardized within males and females separately because of 
gender differences in body shape; BMI was residualized for 
waist circumference z-scores and standardized based on the 
entire sample because of the high colinearity between BMI 
and waist circumference in both males and females. Because 
studies show nonlinear associations between sleep duration 
and glucose and diabetes risk, we then categorized the sam-
ple into quartiles based on sample distribution and examined 
whether the relationships appeared nonlinear. The final step 
was a formal statistical test for nonlinearity.

RESULTS
The analytic sample was composed of 245 adolescents (116 

males, 137 blacks), with a mean age of 15.7 years (SD 1.3). The 
Hollingshead score, which takes into account parental/guard-
ian education and occupational prestige,24,25 averaged 30.3 (SD 
11.5), and ranged from 10 to 54, indicating a low- to middle-
class status group. Of the sample, 60% were raised in a single 
parent household and 80% in a household with ≥ 1 parent/
guardian employed. Almost half of the sample was overweight 
or obese by conventional adult categories: 62 had BMIs from 
25-29.9, 55 had BMIs ≥ 30.

Sleep duration based on actigraphy averaged 6.4 h over the 
week, with school days significantly lower than weekends, 
P < 0.001 (Table 1). There was no relationship between time 
spent asleep during the weekday and weekend, P = 0.12. Sleep 
duration ranged overall, weekday, and weekend from 4.3 to 9.2, 
3.4 to 8.6, and 3.5 to 10.9, respectively. On average, students 
tried to go to sleep about an hour later on the weekend, relative to 
weekday. Self-reported and actigraphy-assessed sleep duration 
were substantially associated (r values > 0.59, P values < 0.001), 
although self-reported values were higher than actigraphy-mea-
sured sleep duration, all P values < 0.001. Sleep fragmentation 
during the week tended to be lower than during the weekend, 
P ≤ 0.08, and the 2 were highly correlated, r = 0.64, P < 0.001.

Males had higher glucose levels compared to females 
(Table 2). The HOMA-IR and insulin values varied by race and 
gender, with the lowest insulin and HOMA-IR apparent in black 
males. BMI and waist circumference also varied by race and 
gender, with higher BMI in the black females and white males, 
and higher waist circumference in males, especially white males.

Linear regression analyses showed that the HOMA-IR 
was higher among shorter sleepers based on the entire week, 
whether measured by actigraphy or diary (Table 3). This ef-
fect was primarily due to the school night sleep patterns, with 
no relationship occurring with weekend sleep patterns. In this 
model for the entire week, higher waist circumference z-score 
(B = 0.314, P = 0.017, residualized BMI z-score (B = 0.273, 
P = 0.04), and being female (B = 0.165, P = 0.001) were also as-
sociated with higher HOMA-IR. An interaction between sleep 
duration across the week and gender was significant, P = 0.05, 
such that the association between short sleep and HOMA-IR 
was stronger in males than females. Diary reports of later times 
trying to go to sleep were also related to the HOMA-IR. There 
were no relationships with fragmentation, P values > 0.36, and 
no significant interactions by race. There was no evidence of 
a curvilinear relationship, i.e., no significant quadratic effect. 

Table 1—Sample sleep characteristics

N = 245 Full Week Weeknights Weekends
Sleep Duration (h) 

Actigraphy 6.4 (0.79) 5.9 (0.89) 7.4 (1.22)
Diary 7.4 (0.92) 6.8 (1.08) 8.7 (1.43)

Diary report of time to 
try to sleep

23:47
(58 min)

23:20
(59 min)

00:45
(1 h 26 min)

Sleep fragmentation* 30.5 (9.9) 30.0 (10.5) 31.3 (11.1)

All values mean (SD). *See text for definition.
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To illustrate, Figure 1 presents the mean unadjusted HOMA-
IR scores in 4 approximately equal-sized groups of participants 
based on the sample distribution.

Linear regressions showed that higher glucose levels were 
associated with greater sleep fragmentation overall (B = 0.140, 
P = 0.035), during school nights (B = 0.138, P = 0.037), and 
trending on weekends (B = 0.122, P = 0.06). In these mod-
els, only being male was related to higher glucose levels 
(B = 0.152, P = 0.017. Neither the tests for curvilinear rela-
tionships nor the race/or gender by fragmentation interactions 
were significant. There were no relationships of glucose with 
sleep duration by either actigraphy, P values > 0.25, or self-
report, P values > 0.48. Repeating the analysis for males, ad-
justing for standard covariates plus pubertal status, showed a 
similar positive association between fasting glucose and frag-
mentation, P = 0.013.

DISCUSSION
This study showed that higher insulin resis-

tance is associated with shorter sleep duration 
assessed by actigraphy or diary among black 
and white healthy adolescents. These associa-
tions were independent of race, age, gender, 
waist circumference, and body mass index, and 
were obtained for measures of weekday sleep, 
not weekend sleep. The associations were 
stronger in males than in females. Based on the 
present regression model, we estimate that for 
adolescents who received 6 hours of sleep of 
night, one additional hour of sleep would have 
changed their HOMA-IR from 3.179 to 2.896. 
Glucose levels were higher among those with 
fragmented sleep, especially during the week. 
This is a novel finding and is consistent with 
some of the acute sleep restriction studies in 

adults.9 However, fragmentation was unrelated to HOMA-IR; 
note that the HOMA-IR is primarily determined by insulin lev-
els. To our knowledge, our study is the only one in healthy ado-
lescents that shows a relationship between shorter sleep and 
insulin resistance that is independent of adiposity.

Our results differ from those obtained in the Cleveland 
Sleep and Health Study18 in a number of respects. The effect 
of short sleep on insulin resistance was not eliminated by con-
trols for adiposity in our study but was in the Cleveland Study. 
Furthermore, we did not observe a curvilinear relationship be-
tween sleep duration and insulin resistance. These differenc-
es may be due to the differences in the characteristics of our 
samples. Pittsburgh Project Pressure had 31.9% with a BMI ≥ 
30 or ≥ 95th percentile based on age and gender,26 whereas the 
Cleveland Sleep and Health Study had 18.7% meeting these 
criteria. Given higher levels of obesity, it is not surprising that 

Table 2—Unadjusted fasting glucose and insulin, and weight characteristics of sample

African American White Significant Race, 
Gender Effects*N = 245 Male (66) Female (71) Male (50) Female (58) Total

Glucose (mg/dL), Mean (SD) 89.2 (8.96) 85.8 (8.14) 88.8 (9.31) 86.2 (9.57) 87.4 (9.03) G: F = 6.61, P = 0.01
Range 71-109 54-105 58-108 61-122 54-122

Insulin (g/L), Median (IQR) 14.8 (7.05) 19.2 (8.70) 18.2 (10.13) 17.2 (7.23) 17.4 (8.50) G: F = 6.90, P = 0.009
R × G: F = 6.35, P = 0.01

Range 4.1-60.7 7.5-49.4 6.5-47.8 6.6-43.6 4.1-60.7
HOMA Insulin Resistance, 
Median (IQR) 3.2 (2.02) 4.1 (2.31) 3.9 (2.26) 3.7 (1.67) 3.7 (2.06) G: F = 3.51, P = 0.06

R × G: F = 5.30, P < 0.02
Range 1.01-14.99 1.41-11.34 1.46-11.09 1.35-9.15 1.01-14.99

Body mass index (BMI, kg/m2), 
Median (IQR) 24.3 (5.23) 26.0 (7.75) 25.2 (9.64) 24.1 (8.70) 24.8 (7.24) R × G: F = 5.31, P = 0.02

Range 18.3-39.0 17.8-43.5 16.7-46.9 16.4-42.9 16.4-46.9
N (%) < 25 39 (59.1) 32 (45.1) 24 (48.0) 33 (56.9) 128 (52.2)
25-29.9 17 (25.8) 22 (31.0) 11 (22.0) 12 (20.7) 62 (25.3)
> 30 10 (15.1) 17 (23.9) 15 (30.0) 13 (12.4) 55 (22.4)

Waist circumference, 
Median (IQR) 30 (5.25) 30 (7.0) 33 (8.25) 29 (6.0) 30 (7.0) G: F = 14.60, P < 0.0001

R × G: F = 9.80, P = 0.002
Range 23-46 24-49.5 22-44 25-47 22-49.5

*Degrees of freedom for ANOVAs are 1/241. R, race; G, gender; R × G, race by gender interaction.

Table 3—Linear regression models* predicting Log HOMA-IR index

Weekday
B, P-value
(95% CI)

Weekend
B, P-value
(95% CI)

Total Week
B, P-value
(95% CI)

Sleep Duration

Actigraphy -0.211, < 0.001
(-0.314, -0.107)

-0.054, 0.306
(-0.158, 0.049)

-0.202, < 0.001
(-0.307, -0.096)

Diary -0.147, 0.005
(-0.249, -0.046)

0.010, 0.85
(-0.093, 0.113)

-0.145, 0.006
(-0.248, -0.043)

Diary bedtime (trying to sleep, 
with higher scores later time)

0.117, 0.03
(0.014, 0.220)

0.164, 0.002
(0.064, 0.264)

0.155, 0.003
(0.054, 0.257)

Sleep Fragmentation 0.046, 0.40
(-0.061, 0.152)

0.048, 0.36
(-0.056, 0.153)

0.049, 0.37
(-0.058, 0.155)

*Adjusted for age, race, gender, waist z-scores, and BMI residuals.
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our HOMA-IR values were also higher than those observed 
in the Cleveland sample—4.13 vs. 1.95. In NHANES, obese 
(BMI ≥ 95 percentile) adolescents had higher HOMA-IR val-
ues than those considered to be normal weight (BMI < 85th 
percentile), Ms = 4.93 vs. 2.30, respectively, values in line with  
our sample.27 Pittsburgh students also slept less (based on ac-
tigraphy) during the week than those in the Cleveland Study, 
Ms = 6.4 vs. 7.6 h, and too few could be considered to be long 
sleepers to detect a relationship between long sleep and insu-
lin resistance. The association between long sleep and insulin 
resistance or diabetes risk obtained in other studies is perplex-
ing. As is oft noted, it may be due to premorbid health condi-
tions and depression, resulting in excessive fatigue and long 
sleep. Furthermore, it is diffi cult to identify which mechanisms 
would account for the long sleep relationship with insulin re-
sistance and diabetes.

On the other hand, multiple mechanisms may be important 
to explain the association between short sleep and increased 
insulin resistance. One pathway may be through sleep and/or 
circadian disruptions of the hormones that regulate food in-
take, i.e., leptin, an appetite-suppressing hormone, and ghrelin, 
an appetite-stimulating hormone. A review of 17 acute sleep 
restriction studies, however, shows inconsistent patterns of 
changes in these hormones, perhaps because the vast majority 
of participants were normal weight or lean and methodological 
differences a mong studies.9 Furthermore, this pathway is most 
likely related to the increased obesity associated with short 
sleep,28 and our fi ndings are independent of obesity. Another 
potential pathway is through the autonomic nervous system, 
with sympathetic activation inhibiting and parasympathetic 
activation stimulating insulin release. Sleep loss may lead to 
lowered parasympathetic activity at night, allowing enhanced 
cardiac sympath etic activity.29-31 Sleep loss also results in in-
creased evening cortisol, which is associated with hyperin-
sulinemia, especially in conjunction with cen tral adiposity.32

Sleep loss can lead to insulin resistance through dysregulation 
of adipokines, independent of obesity. In an adult sample, to-
tal sleep time was inversely associated with leptin and visfatin 
levels, independent of age, race, gender, obesity, hypertension, 
diabetes, and obstructive  sleep disorders.33 Finally, during the 
deeper stages of sleep, cerebral glucose metabolism (or utiliza-
tion) is decreased, and loss of deep sleep may affect total body 
gl ucose regulation.34

Although not the purpose of this paper, our data indicate 
how little sleep healthy adolescents from a contemporary ur-
ban sample obtain during the school week. The amount of 
sleep is not near the optimal 9 hours recommended for ado-
lescents, whether measured by actigraphy or diary. Also it 
is noteworthy that prospectively collected diary measures of 
sleep duration were statistically related to insulin resistance. 
This suggests that in clinical settings where objective mea-
sures of sleep are not feasible, diary measures may be useful. 
We should note though that our measures were collected on 
hand-held computers and were time-stamped to encourage 
on-time reporting.

Our study has a number of limitations as well as strengths. 
First, it used a cross-sectional design, such that the direction of 
the effect could be that heightened insulin resistance leads to 
reduced sleep, or that insulin resistance and sleep duration are 

caused by a third factor. Second, the sample is unique in that it 
is composed of low- to middle-class participants from a single 
urban community that is served by one high school. Thus, fi nd-
ings cannot be generalized to adolescents from a broader range 
of socioeconomic strata. Third, it did not measure sleep dis-
ordered breathing, which co-occurs with obesity. We did con-
duct a brief interview with parents on their observations of their 
children’s symptoms of sleep disordered breathing. Only one 
adolescent had such symptoms, which were reviewed by one of 
the coauthors, a pediatric sleep expert (RD). Our effects were 
independent of central obesity, which also suggests that sleep 
disordered breathing may not be a substantial confounder of our 
results. Regarding strengths, the sample was healthy overall, 
without any known psychiatric, sleep, or metabolic disorders, 
and free of medications that might have infl uenced sleep or in-
sulin resistance. It was a community-based sample as opposed 
to clinic-based, and had a substantial number of African Ameri-
can participants. Having the combination of diary and actig-
raphy measures for a full week allowed for a convergence of 
fi ndings across sleep indicators.

In summary, we found that short sleep during the school week 
was associated with elevated insulin resistance in adolescents, 
independent of age, race, gender, and adiposity. In general, the 
participants received inadequate amounts of sleep, relative to 
the recommended amount of 9 hours. To the extent that short 
sleep leads to elevated insulin resistance, interventions designed 
to extend sleep in short sleepers may be benefi cial for metabolic 
health in adolescence and beyond.

ABBREVIATIONS
BP, blood pressure
HOMA-IR, homeostatic model assessment of insulin resistance
BMI, body mass index
CV, coeffi cient of variation
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Figure 1—Unadjusted means (SEM) of HOMA Index across quartiles of 
weekday sleep duration in sample. Quartiles are based on approximately 
equally sized groups based on mean actigraph sleep duration during 
the week where 1 = 3.4–5.41, 2 = 5.41–6.00; 3 = 6.00–6.48; and 
4 = 6.48–8.6 hours.
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