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OBJECTIVE

Sleep disturbances and circadian misalignment (social jet lag, late chronotype, or
shift work) have been associated with worse glycemic control in type 2 diabetes
(T2D). Whether these ﬁndings apply to adults with prediabetes is yet unexplored.
We hypothesized that self-reported short sleep, poor sleep quality, and/or circadian
misalignment are associated with higher glycemia, BMI, and blood pressure (BP) in
adults with prediabetes or recently diagnosed, untreated T2D.
RESEARCH DESIGN AND METHODS
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RESULTS

The multiethnic cohort was 55% men, with mean 6 SD age 52.2 6 9.5 years and BMI
34.7 6 5.5 kg/m2. Mean sleep duration was 6.6 6 1.3 h. Poor sleep quality was
reported by 54% and high risk for obstructive sleep apnea by 64%. HbA1c was
signiﬁcantly higher in those reporting <5 or >8 h sleep per night. Sleep duration >8 h
was also associated with higher fasting glucose and <6 h with higher BMI. Shift work
was also associated with higher BMI. Social jet lag and delayed chronotype were
associated with higher BP.
CONCLUSIONS

In our cohort, self-reported short and long sleep were both associated with adverse
measures of glycemia, and short sleep and shift work were associated with higher
BMI. Further research using objective measures of sleep is needed to better
delineate the relationship between sleep and glycemia in adults with prediabetes
or T2D.
The obesity epidemic has led to an increase in type 2 diabetes (T2D) (1). There are ;30
million individuals with T2D and nearly 90 million with prediabetes in the U.S. (2). In
parallel, there has been an increase in the prevalence of sleep disturbances (3).
Chronic partial sleep loss due to bedtime restriction is increasingly prevalent in our
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CARDIOVASCULAR AND METABOLIC RISK

Our cohort included 962 overweight/obese adults ages 20–65 years with prediabetes or recently diagnosed, untreated T2D who completed a 2-h oral glucose
tolerance test and validated sleep questionnaires. Independent associations of
sleep and circadian variables with glycemia, BMI, and BP were evaluated with
regression models.
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modern society. Moreover, 24-h access
to light allows people to engage in behaviors that are inappropriately timed
relative to the endogenous circadian
rhythm, leading to circadian misalignment. Nowadays, nearly 20% of working
adults are shift workers, an extreme form
of circadian misalignment (4).
Over the last decade, there has been
mounting evidence from a large number
of prospective epidemiologic studies that
short and long sleep duration, poor sleep
quality, obstructive sleep apnea (OSA),
and circadian misalignment are associated with T2D (5,6). Whether sleep or
circadian disturbances impact glycemic
control in individuals with prediabetes and T2D, independently of BMI and
other confounders, has been examined in
fewer studies (7,8). This question is important, since these lifestyle factors may
compromise the efﬁcacy of treatment
and accelerate the progression of the
disease and the development of complications. Two cross-sectional studies from
Thailand have reported an association of
circadian misalignment with higher glucose concentrations and BMI in patients
with prediabetes (7,8). To date, however,
these associations have not been explored in individuals from other ethnic/
racial backgrounds. To that end, we
aimed to quantify the associations between self-reported sleep duration, sleep
quality, and circadian misalignment (e.g.,
social jet lag, late chronotype, or shift
work) and dysglycemia, higher BMI, and
increased blood pressure (BP) in a cohort
of adults with prediabetes or recently
diagnosed, untreated T2D.
RESEARCH DESIGN AND METHODS
Participants

This is a cross-sectional analysis of data
obtained during the screening phase of
the Restoring Insulin Secretion (RISE)
consortium randomized controlled trials.
Between 2013 and 2017 we screened
1,355 overweight/obese men and women
ages 20–65 years for RISE. Participants
were recruited from the active patient
populations and communities at four
RISE adult centers 1): University of Chicago and the Jesse Brown VA Medical
Center, 2) Indiana University, 3) University of Washington and the VA Puget
Sound Health Care System, and 4) University of Southern California. Recruitment techniques included referral from
colleagues and screening from the
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investigators’ clinics, internal and external advertising, social and public media,
and mailings to individuals identiﬁed via
electronic medical records. Prescreening
of electronic and clinical medical records
was used, when possible, to identify
patients at risk based on BMI and
HbA1c. Additional details on participant
recruitment and eligibility criteria have
previously been described (9), and detailed information is available on the RISE
website (https://rise.bsc.gwu.edu/web/
rise/collaborators). The study was approved by the institutional review boards
of all participating centers, and all participants provided written informed
consent prior to initiation of any studyrelated activities.
Data Collection

Individuals who met preliminary inclusion/exclusion criteria underwent a 75-g
oral glucose tolerance test (OGTT) and
HbA1c measurement (n = 1,069). Fasting
blood samples for HbA1c and plasma
glucose were obtained; blood was also
collected at 2 h of the OGTT for measurement of plasma glucose. For the
current analyses, we included participants who met the American Diabetes
Association deﬁnition of prediabetes
(fasting plasma glucose 100–125 mg/dL,
2-h plasma glucose 140–199 mg/dL, or
HbA1c 5.7–6.4%) as well as recently diagnosed (,1 year), untreated participants with existing T2D (fasting plasma
glucose $126 mg/dL, 2-h plasma glucose $200 mg/dL, or HbA1c $6.5%)
(10).
Sex and race/ethnicity were selfreported. Anthropometric measurements
were performed with participants wearing light clothing without shoes. Height
was measured in a fully vertical position
with heels together using a calibrated
stadiometer. Weight was measured using a calibrated electronic scale, zeroed
before each measurement. Height and
weight measurements were performed
twice, with the average value reported.
BP was measured with a calibrated
automated BP machine with appropriately sized arm cuffs; readings were
obtained with the participant in a seated
position with feet touching the ﬂoor or
otherwise supported after at least 5 min
of rest in a quiet room, with outer
clothing removed and sleeves rolled to
the shoulder. The cuff was placed at heart
level, and two measurements were taken

5 min apart. Only the second measurement was taken as the reported value. At
screening, blood samples for HbA1c, fasting plasma glucose, and OGTT 2-h plasma
glucose were collected. All blood samples
were immediately placed on ice, separated by centrifugation, and frozen at
280°C prior to shipment to the central
biochemistry laboratory at the University
of Washington (Northwest Lipid Metabolism and Diabetes Research Laboratories, University of Washington, Seattle,
WA). Plasma glucose concentrations
were measured by the glucose hexokinase method using Roche reagent on a
Roche c501 autoanalyzer. The method
interassay coefﬁcients of variation on
quality control samples with low, medium, and high glucose were 2.0%, 1.7%,
and 1.3%, respectively. HbA1c was measured by ion-exchange high-performance
chromatography on a Tosoh G8 analyzer
(Tosoh Bioscience, South San Francisco,
CA). The interassay coefﬁcients of variation on low and high quality control samples were 1.9% and 1.0%,
respectively.
Sleep and Circadian Assessments

To assess sleep quality independent of
sleep duration, we used a modiﬁed Pittsburgh Sleep Quality Index (PSQI) questionnaire to determine self-reported
usual bedtime, wake time, and sleep
duration on workdays and days off
work during the prior month (11,12).
Our modiﬁed PSQI starts by asking
whether the responder is employed or
not employed. Those who are employed
are asked for how many days per week
and whether their schedule involves a
form of shift work. Sleep duration was
derived from the following question:
“During the past month, how many hours
of actual sleep did you get at night? (This
may be different than the number of
hours you spent in bed)”; when appropriate, this question was asked separately for workdays and days off work,
and average self-reported sleep duration
was calculated as the weighted average
of reported sleep duration on workdays
and days off work. Self-reported sleep
duration was analyzed categorically (,5 h,
5 to ,6 h, 6 to ,7 h, 7 to ,8 h, and $8 h).
A score of $5 on the PSQI (minimum
score of 0 and maximum score of 21)
indicated poor sleep quality (13). Sleep
debt was calculated as the difference
between preferred hours of sleep per
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night and the weighted average of sleep
duration. Chronotype quantiﬁes individual preference for bedtime. The metric
of chronotype or midsleep time on free
days with adjustment for sleep debt
(MSFsc) was derived from midsleep
time on days off work (or weekend nights
in unemployed individuals) with further
adjustment for the sleep debt taking into
account the sleep duration average of
days off work or weekends and weekdays
as follows: MSFsc = midsleep time on
days off work or weekend nights – 0.5 *
[SDF 2 (no. of days off work * SDW + no.
of days off work * SDF)/7], where SDF is
the calculated sleep duration on days off
work or weekend nights and SDW is the
calculated sleep duration on workdays or
weekday nights (14). In individuals who
were unemployed, we used 2 days for
weekends. In individuals who reported to
be working, we speciﬁcally asked for the
number of days each individual was off of
work per week. Therefore, the weighing
of “days off work” in the calculation of
chronotype was individualized. For multivariate analyses, chronotype was transformed into values relative to midnight
(212 to 12) with 0 representing midnight. Social jet lag, the misalignment of
biological and social time, was calculated
based on the absolute difference between midsleep time on workdays and
days off work (15). Absolute social jet lag
was analyzed as a categorical variable
(,1 h, 1–2 h, .2 h). The Berlin Questionnaire was used to classify the risk of
OSA into high or low risk (16). The Epworth Sleepiness Scale (ESS) (scores
0–24) was used to assess subjective
daytime sleepiness. Scores of .10 are
considered indicative of daytime sleepiness (17). Shift work was assessed based
on three questions: starting work before
6:00 A.M., working overnight shifts, and
working rotating night and day shifts.
Shift work was analyzed as a dichotomous variable (yes/no).
Statistical Analysis

Data were stored and managed centrally,
and analyses were performed according
to a prespeciﬁed analytic plan. All analyses were cross-sectional. Outcomes of
interest were glycemic variables (HbA1c
and fasting and OGTT 2-h plasma glucose), BMI, and BP. Continuous variables
were expressed as mean 6 SD for normally distributed data; categorical variables were summarized as percentages.

Mokhlesi and Associates

measurements of complete fasting and
2-h OGTT plasma glucose concentrations
as well as HbA1c values. Validated sleep
questionnaire data were available in 1,042
participants. After exclusion of those with
normal glucose and HbA1c values, there
were 962 participants with complete
OGTT and sleep data (704 with prediabetes and 258 with recently diagnosed,
untreated T2D). Table 1 summarizes
baseline characteristics of the participants. The cohort had nearly equal
numbers of men and women, from diverse racial/ethnic backgrounds. Shift
work was reported by 24.2% of the
cohort. Table 2 summarizes sleep questionnaire measures. There were no signiﬁcant differences in self-reported sleep
or circadian measures between participants with prediabetes and T2D. The
mean 6 SD habitual sleep duration of
the entire cohort was 6.6 6 1.3 h
with a sleep debt of 1.5 6 1.3 h. Average
sleep duration of #6 h per night was

Unadjusted group comparisons were performed using ANOVA for normally distributed continuous variables. Pearson x2 test
was used to compare categorical variables. Multiple linear regression models
were used to explore the independent
association of glycemic variables and
BP with sleep variables (sleep duration,
sleep quality, sleepiness, and OSA risk)
and circadian measures (chronotype,
social jet lag, and shift work) after
adjustment for age, sex, race/ethnicity,
and BMI, as well as the association of
BMI with sleep and circadian measures
after adjustment for age, sex, and race/
ethnicity. All statistical calculations
were performed without correction for
multiple testing. Analyses were performed using SAS 9.4 (SAS Institute,
Cary, NC).
RESULTS

Of the 1,355 adults who participated in
screening OGTTs for RISE, 1,069 had

Table 1—Descriptive characteristics of participants at RISE screening
N
Demographic
Age, years
Age category (years)
20–39
40–49
50–66
Sex
Men
Women
Race/ethnicity
White
Black
Hispanic
Asian
American Indian
Employment
Employed
Start work before 6:00 A.M.
Overnight shifts
Rotating night and day shifts
Shift worker*

All

Prediabetes

Diabetes

962

704

258

P†

52.2 6 9.5

51.8 6 9.5

53.2 6 9.3

0.046
0.574

111 (11.5)
224 (23.3)
627 (65.2)

83 (11.8)
169 (24.0)
452 (64.2)

28 (10.9)
55 (21.3)
175 (67.8)

525 (54.6)
437 (45.4)

376 (53.4)
328 (46.6)

149 (57.8)
109 (42.2)

400
348
155
32
27

288
262
109
23
22

(40.9)
(37.2)
(15.5)
(3.3)
(3.1)

112 (43.4)
86 (33.3)
46 (17.8)
9 (3.5)
5 (1.9)

579 (71.3)
105 (13.7)
82 (10.7)
81 (10.6)
188 (24.2)

431 (70.3)
80 (13.7)
59 (10.2)
53 (9.1)
136 (23.1)

148 (74.4)
25 (13.7)
23 (12.5)
28 (15.4)
52 (28.0)

0.271
0.977
0.374
0.016
0.173

6
6
6
6

6
6
6
6

0.053
0.017
0.062
0.151

0.231

0.611
(41.6)
(36.2)
(16.1)
(3.3)
(2.8)

Screening anthropometrics
BMI (kg/m2)
Weight (kg)
Systolic BP (mmHg)
Diastolic BP (mmHg)

34.7
100.8
127.9
77.2

5.5
20.1
14.3
9.8

34.5 6 5.6
99.9 6 20.0
127.4 6 14.2
76.9 6 10.0

35.3
103.3
129.3
77.9

Screening glucose measurements
HbA1c (%)
Fasting plasma glucose (mg/dL)
2-h plasma glucose (mg/dL)

5.8 6 0.4
111.5 6 13.1
160.5 6 48.4

5.7 6 0.3
106.6 6 8.4
139.8 6 30.6

6.1 6 0.5
124.8 6 14.4
217.6 6 42.4

5.3
20.2
14.3
9.1

,0.001
,0.001
,0.001

Data are n (%) or mean 6 SD unless otherwise indicated. †P value comparing prediabetes with
diabetes. *The percentage of shift workers is not the sum of all three categories of shift work, as
some participants had multiple types of shift work (i.e., starting work before 6:00 A.M., working
overnight shifts, and working rotating night and day shifts).
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Table 2—Self-reported sleep and circadian measures
Sleep measures
Habitual sleep duration (h)
Sleep duration #6 h
Sleep efﬁciency, %
PSQI global score
Poor sleep quality
High apnea risk
Sleep debt (h)
Daytime sleepiness
ESS
Circadian measures
Bedtime workdays (h:min)
Bedtime days off work (h:min)
Wake time workdays (h:min)
Wake time days off work (h:min)
Chronotype (h:min)*
Social jet lag (h)
Shift work

All

Prediabetes

Diabetes

P†

6.6 6 1.3
303 (32.1)
85.8 6 14.2
6.7 6 3.9
511 (54.1)
618 (64.6)
1.5 6 1.3
327 (34.0)
8.1 6 4.9

6.6 6 1.3
221 (31.9)
85.6 6 14.2
6.8 6 3.9
386 (55.8)
447 (63.9)
1.5 6 1.3
246 (34.9)
8.3 6 5.0

6.7 6 1.4
82 (32.5)
86.4 6 14.3
6.4 6 3.9
125 (49.6)
171 (66.3)
1.4 6 1.3
81 (31.4)
7.6 6 4.7

0.673
0.850
0.485
0.140
0.092
0.504
0.304
0.303
0.045

22:31 6 2:01
23:15 6 1:29
06:31 6 2:15
07:43 6 1:42
03:31 6 02:33
1.2 6 1.5
188 (24.2)

22:31 6 01:59
23:16 6 01:30
06:30 6 02:07
07:43 6 01:44
03:35 6 02:43
1.2 6 1.5
136 (23.1)

22:31 6 02:06
23:15 6 01:24
06:36 6 02:38
07:43 6 01:38
03:20 6 01:57
1.3 6 1.7
52 (28.0)

0.998
0.868
0.604
0.988
0.280
0.406
0.173

Data are n (%) or mean 6 SD. †P value comparing prediabetes with diabetes. *The MSFsc was
derived from midsleep time on days off work (or weekend nights in unemployed individuals)
with further adjustment for the sleep debt taking into account the sleep duration average of days
off work or weekends and weekdays as follows: MSFsc = midsleep time on days off work or
weekend nights – 0.5 * [SDF 2 (no. of days off work * SDW + no. of days off work * SDF)/7],
where SDF is the calculated sleep duration on days off work or weekend nights and
SDW is the calculated sleep duration on workdays or weekday nights.

reported by 32% of the participants.
Close to one-third (34.0%) of the cohort
reported excessive daytime sleepiness
based on an ESS score of .10. Poor
sleep quality (54.1%) and high risk for
OSA (64.9%) were highly prevalent. Bedtimes and wake times occurred later on
days off work (or on weekends in the
unemployed), leading to an absolute
social jet lag of 1.2 6 1.5 h. Nearly
half of the participants (48.5%) had absolute social jet lag of 1–2 h, while 32.2%
had ,1 h and 19.3% had .2 h. Chronotype varied substantially, with 13.3%
having a chronotype before 2:00 A.M. and
22.9% having a chronotype after 4:00 A.M.
The remaining 63.8% had chronotypes between 2:00 and 4:00 A.M.
Association Between Sleep Measures
and Outcomes

Associations of measures of glycemic control, BMI, and BP with sleep and circadian
measures are shown in Fig. 1. After adjustment for age, sex, race/ethnicity, and
BMI, there was a U-shaped relationship
between categories of sleep duration and
HbA1c, with those reporting ,5 h (mean
5.84% [95% CI 5.74, 5.93]) and .8 h (mean
5.85% [95% CI 5.78, 5.93]) of sleep having
signiﬁcantly higher HbA1c values compared with those with 7–8 h of sleep
(mean 5.74% [95% CI 5.67, 5.80]). Fasting
glucose was directly associated with sleep

duration as a continuous variable. For
each hour of additional sleep, the adjusted
fasting glucose was 0.79 mg/dL higher
(95% CI 0.15, 1.42; P = 0.015). We did not
detect signiﬁcant associations between
self-reported sleep duration and OGTT
2-h plasma glucose levels. Further, our
measures of sleep quality, daytime sleepiness, and OSA risk were not signiﬁcantly
associated with HbA1c, fasting glucose, or
2-h glucose.
Consistent with existing epidemiologic
evidence, BMI was inversely associated
with sleep duration after adjustment for
age, sex, and race/ethnicity (P = 0.028).
For each hour of additional sleep, the
adjusted BMI was 0.3 kg/m2 lower (95%
CI 20.56, 20.03). Poorer sleep quality,
measured by the global PSQI score, and
excessive daytime sleepiness, as assessed by the ESS, were also signiﬁcantly
associated with higher BMI (P = 0.048
and P = 0.0024, respectively). For each
1-point increase on the ESS score, the
adjusted BMI increased by 0.1 kg/m2
(95% CI 0.04, 0.18), and similarly, for
each 1-point increase on the global PSQI
score, the adjusted BMI increased by
0.09 kg/m2 (95% CI 0.001, 0.18). Compared with participants who reported
good sleep quality, those who reported
poor sleep quality had a trend toward a
higher BMI (0.6 kg/m2 [95% CI 20.09,
1.28]; P = 0.09).

Sleep duration, sleep quality, and high
risk of OSA were not associated with BP.
Daytime sleepiness, however, was independently associated with systolic BP (P =
0.037). Compared with participants without daytime sleepiness, those who reported sleepiness had 2.0 mmHg lower
systolic BP (95% CI 23.867, 20.128).
Association Between Circadian
Measures and Outcomes

Social jet lag and shift work were not
associated with HbA1c, fasting plasma
glucose, or OGTT 2-h plasma glucose
after adjustment for age, sex, race/
ethnicity, BMI, and chronotype.
Chronotype and social jet lag were not
associated with BMI. In contrast, shift
work was associated with a higher BMI.
In a fully adjusted model, shift work was
associated with 1.32 kg/m2 higher BMI
(95% CI 0.42, 2.23; P = 0.0043).
Both later chronotype and social jet
lag were independently associated with
higher BP. Chronotype was signiﬁcantly
associated with both systolic (P = 0.0004)
and diastolic BP (P = 0.0120). For every
hour of later chronotype, systolic BP was
1.28 mmHg higher (95% CI 0.58, 1.98) and
diastolic BP was 0.66 mmHg higher (95%
CI 0.15, 1.17). Compared with a social jet
lag of ,2 h, social jet lag of .2 h was
associated with a signiﬁcantly higher systolic BP (adjusted mean 127.4 mmHg [95%
CI 125.3, 129.6] and 131.0 mmHg [95% CI
127.9, 134.2], respectively, P = 0.014). Shift
work was not associated with BP.
In a sensitivity analysis that excluded
shift workers, chronotype and social jet
lag were not associated with measures
of glycemia and BMI (data not shown).
CONCLUSIONS

In the present cross-sectional analysis
of a large, ethnically diverse cohort of
overweight/obese adults with prediabetes or recently diagnosed, untreated T2D,
we demonstrated that both short and
long self-reported sleep durations were
associated with higher measures of glycemia after we controlled for BMI and
other demographic characteristics. Short
sleep duration and shift work were also
associated with higher BMI. Chronotype
and social jet lag, on the other hand, were
not associated with measures of glycemia or BMI but instead were independently associated with BP.
Multiple laboratory-based studies involving experimental sleep manipulations,
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Figure 1—Association between self-reported sleep measures and outcomes. Adjusted means from multiple linear regression models. Data are adjusted
means and 95% CIs. “Quality” is sleep quality, “sleepiness” is daytime sleepiness, and “duration” is sleep duration. Models adjusted for age, sex, and
race/ethnicity. HbA1c, fasting glucose, 2-h glucose, and BP models are also adjusted for BMI. The association between apnea risk and BMI was not
quantiﬁed because we used the Berlin Questionnaire to asses for the risk of sleep apnea. In this questionnaire, a BMI .30 kg/m2 is one of the three
categories to assign high risk of apnea. *ANOVA P , 0.05.

including sleep restriction and sleep fragmentation, have been performed to evaluate the role of sleep on the control of
energy balance and glucose metabolism.
These studies have revealed that shortterm sleep restriction can decrease leptin
levels, increase ghrelin levels, and increase
endocannabinoid levels, leading to increases in hunger, appetite, and hedonic
food intake and, simultaneously, leading
to a decrease in glucose tolerance (18).
Although the pathophysiologic and causal
links between sleep disturbances and
glucose dysregulation are not fully understood, multiple mechanistic pathways
are likely to be involved. Sleep restriction
can increase sympathetic nervous system
activity, leading to a decrease in insulin
sensitivity (19221). Activation of the hypothalamic-pituitary-adrenal axis with
elevation of cortisol can also decrease
insulin sensitivity (5,18). However, it is
important to note that the studies of
sleep manipulation have been shortterm in nature and performed primarily
in healthy young individuals. It is less clear
whether sleep manipulation impacts
glycemic measures in patients with prediabetes or T2D.

At a population level, several crosssectional studies from various geographic regions have reported an
association between self-reported short
sleep duration and impaired fasting glucose (22224). Other studies have found
associations between self-reported short
sleep duration and prevalent prediabetes
or progression to T2D (25229). Although
most epidemiological and laboratorybased studies have focused on the association between short sleep duration
and dysglycemia or obesity, a few prospective studies have suggested that selfreported sleep duration has a U-shaped
association, with increased risk of developing T2D with both short (,5–6 h per
night) and long (.8–9 h per night) sleep
(30,31). The mechanisms by which long
sleep duration leads to increased risk of
obesity and T2D are not fully understood.
Long sleep may reﬂect a more sedentary
lifestyle and, similar to short sleepers,
long sleepers engage in more snacking
(32). Although both long and short sleep
have been associated with worse glycemic control in patients with established
T2D, (33) there is a paucity of data on the
impact of sleep duration or quality on

glycemic control in prediabetes. Moreover, most studies have focused on either
fasting glucose or HbA1c, without performing an OGTT.
Several studies have experimentally
induced extreme circadian misalignment
to better elucidate its role in glucose
metabolism dysregulation. These studies
demonstrated that circadian misalignment mimicking shift work led to reduced
glucose tolerance in healthy humans
(34236). In these studies, both fasting
and postprandial glucose concentrations
increased. Moreover, circadian misalignment led to a change in appetiteregulating hormones, a decrease in
energy expenditure, and an increase in
BP (34,36). However, it is important to
point out that these studies used shortterm extreme circadian misalignment. A
few population-based studies have reported an association between milder
forms of circadian misalignment, such as
later chronotype or social jet lag, with
prediabetes and T2D (37,38), but the effect of circadian misalignment on actual
measures of glycemia in people with
prediabetes has not been well studied.
Only one study explored the association
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between chronotype and HbA1c in prediabetes. This study was performed in a
clinical cohort of participants with prediabetes in Thailand and found a small
effect of chronotype on HbA1c (7). For
each 2 h of later chronotype, HbA1c increased by only 0.04% (0.4 mmol/mol).
There was not a signiﬁcant relationship
between social jet lag and HbA1c. This
may have been in part due to a very
narrow range of social jet lag in their
patient population (7). Similarly, we did
not ﬁnd an association between later
chronotype or social jet lag and measures
of glycemia. However, we did ﬁnd an
association between these variables and
higher BP. Although in our cohort shift
work was not associated with measures
of glycemia, it was associated with higher
BMI, as has been shown by others. Shift
work has been associated with increased
risk of obesity (39), particularly abdominal obesity (40), and the risk of developing T2D (6).
Our study has several strengths. First
and foremost, we studied a large number
of adults with prediabetes/recently diagnosed, untreated T2D. By virtue of our
identiﬁcation of participants in a study
screening program, none of the participants had been previously treated with
any confounding glucose-lowering medications or medications known to affect
glucose metabolism. The cohort was ethnically diverse, and both sexes were well
represented, thereby increasing the generalizability of our ﬁndings. Moreover,
the proportion of participants who reported shift work was similar to that in
the U.S. workforce (4). Second, all participants underwent a 2-h OGTT as well as
HbA1c measurements on the same day
the sleep questionnaires were completed. Plasma glucose and HbA1c from
all participating centers were measured
by a centralized laboratory. Lastly, we
used standardized sleep questionnaires
across all centers. Notwithstanding the
strengths, our study has several important
limitations. Due to its cross-sectional design, the direction of causality cannot be
ascertained. Another important weakness is lack of objective measures of
sleep and circadian markers. We did not
measure several important confounders
such as total calorie consumption, macronutrient dietary composition, meal
timing, and amount of physical activity
and, as such, cannot control for these
covariates in our analysis. Information
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about treatment of OSA was not collected during the screening phase of
RISE, and as such, we cannot account
for any potential effect of apnea treatment on glycemic control. We also did
not collect data on antihypertensives
at the time of screening. Lastly, lack of a
control group not at increased risk for
diabetes is another limitation of our
study.
In summary, sleep duration was independently associated with HbA1c in
adults with prediabetes/recently diagnosed, untreated T2D. This relationship
was most pronounced in those who
reported ,5 h or .8 h of sleep per
night (U-shaped relationship). Both short
sleep duration and shift work were also
independently associated with higher
BMI in this population. Later chronotype
and social jet lag were associated with
higher BP. Further research using objective measures of sleep and circadian
markers is needed to better delineate
the relationship between sleep disturbances, circadian misalignment, and
cardio-metabolic factors in prediabetes
and T2D in order to determine whether
intervention studies targeting these novel
lifestyle factors to decrease the rate of
conversion from prediabetes to diabetes
are warranted.
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