ORIGINAL INVESTIGATION

Role of Sleep Duration and Quality in the Risk
and Severity of Type 2 Diabetes Mellitus
Kristen L. Knutson, PhD; Armand M. Ryden, MD; Bryce A. Mander, BA; Eve Van Cauter, PhD

Background: Evidence from laboratory and epidemiologic studies suggests that decreased sleep duration or
quality may increase diabetes risk. We examined whether
short or poor sleep is associated with glycemic control
in African Americans with type 2 diabetes mellitus.
Methods: We conducted a cross-sectional study of volunteers with type 2 diabetes interviewed at the University of Chicago Hospitals, Chicago, Ill. The final analysis included 161 participants. Glycemic control was
assessed by hemoglobin A1c (HbA1c) level obtained from
medical charts. Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI). Perceived sleep debt
was calculated as the difference between preferred and
actual weekday sleep duration.
Results: The mean±SD sleep duration was 6.0±1.6 hours,
and 71% of the participants were classified as having poor
quality sleep (PSQI score ⬎5). We excluded patients with
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sleep frequently disrupted by pain (n=39). In patients
without diabetic complications, glycemic control was associated with perceived sleep debt but not PSQI score.
The predicted increase in HbA1c level for a perceived sleep
debt of 3 hours per night was 1.1% above the median. In
patients with at least 1 complication, HbA1c level was associated with PSQI score but not perceived sleep debt.
The predicted increase in HbA1c level for a 5-point increase in PSQI was 1.9% above the median.
Conclusions: In our sample, sleep duration and quality
were significant predictors of HbA1c, a key marker of glycemic control. Combined with existing evidence linking sleep loss to increased diabetes risk, these data suggest that optimizing sleep duration and quality should
be tested as an intervention to improve glucose control
in patients with type 2 diabetes.
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HRONIC PARTIAL SLEEP LOSS

due to bedtime restriction and sleep complaints
are increasingly prevalent
in modern society. During the past few years, evidence from laboratory and epidemiologic studies has accumulated, suggesting that decreased sleep
duration and/or quality may adversely effect
glucose regulation and increase the risk of
type 2 diabetes mellitus.
Two published laboratory studies have
reported alterations in glucose regulation during partial sleep restriction. In the
first study, exposure to 5 days of 4-hour
sleep durations was associated with a 40%
reduction in glucose tolerance to intravenous glucose and a 30% reduction in the
acute insulin response to glucose.1 These
findings were confirmed in another study
that used a randomized cross-over design with 2 nights of sleep restriction or
extension (4-hour vs 10-hour bedtimes).2 After the second night of each condition, caloric intake was replaced by constant intravenous glucose infusion, and
blood samples were collected every 20
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minutes. After sleep restriction, morning
glucose levels were higher and insulin levels were lower than after sleep extension.2 Preliminary data from an ongoing
study revealed a marked reduction in glucose tolerance and insulin sensitivity after 8 nights of 5-hour bedtimes compared with 8-hour bedtimes. 3 The
consistency of these findings, despite differences in experimental design, suggests that sleep restriction has adverse effects on glucose metabolism.
A much larger number of epidemiologic studies, summarized in Table 1,
have explored the relationship between
sleep duration and/or quality and diabetes. The prospective studies, which involved different geographical locations,
were remarkably consistent, indicating that
short or poor sleep may increase the risk
of developing type 2 diabetes. Evidence
from cross-sectional studies suggests that
a diabetic condition may involve a reduction in sleep duration or an impairment
of sleep quality. Neuropathic pain and nocturia have been suggested as 2 possible
causes of decreased sleep quality.14
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Table 1. Summary of Epidemiologic Studies That Examined the Association Between Sleep and Diabetes
Source

Sample

Results

Prospective
(10-y follow-up)

Nurses Health Study,
married female nurses
aged 30-55 y in 1976

Kawakami et al5

Prospective
(8-y follow-up)

2649 Japanese men,
begun in 1984

Nilsson et al6

Prospective
(7- to 22-y
follow-up)
Prospective (12-y
follow-up)

Swedish men, 35-51 y
in 1974-1984

Prospective (32-y
follow-up)
Prospective
(average, 7.5-y
follow-up)

600 Swedish women,
begun in 1968-1969
8269 Nondiabetic
German men and
women aged 25-74 y
at baseline
Massachusetts Male
Aging Study, 1709
men aged 40-70 y
in 1987-1989
3000 Swedish men
in 1984-1985

Increased risk of incident diabetes associated with sleep durations of 6 h or less
relative to 7-8 h (RR for ⱕ5 h, 1.29; 95% CI, 1.05-1.58; RR for 6 h, 1.16;
95% CI, 1.02-1.32); however, association is lost when adjusting for BMI
(RR for ⱕ5 h, 1.18; 95% CI, 0.96-1.44; RR for 6 h, 1.10; 95% CI, 0.97-1.25).
Incident diabetes was associated with high frequency of difficulty initiating sleep
(HR, 2.98; 95% CI, 1.36-6.53) or difficulty maintaining sleep (HR, 2.23;
95% CI, 1.08-4.61).
Increased risk of incident diabetes among men who reported difficulty falling
asleep or use of sleeping pills (OR for reporting either, 1.52; 95% CI,
1.05-2.20).
Increased risk of incident diabetes among men who reported difficulty
maintaining sleep (RR, 4.8; 95% CI, 1.9-12.5) or who reported sleep duration
of 5 h or less (RR, 2.8; 95% CI, 1.1-7.3). No significant associations between
sleep and diabetes risk was observed among women.
No association between the incidence of diabetes and the self-reported sleep
problems, sleep medication use, or sleep duration at baseline.
Significant increased risk of incident type 2 diabetes for those who reported
difficulty maintaining sleep at baseline (HR from most adjusted model for
men, 1.60; 95% CI, 1.05-2.45; HR for women, 1.98; 95% CI, 1.20-3.29).

Ayas et al

Study Design
4

Mallon et al7

Bjorkelund et al8
Meisinger et al9

Yaggi et al10

Prospective
(15- to 17-y
follow-up)

Gislason and
Almqvist11

Cross-sectional

Hyyppa and
Kronholm12

Cross-sectional

Sridhar and
Madhu13

Cross-sectional

Lamond et al14

Cross-sectional

1187 Swedish men
and women

877 Diabetic patients
and nondiabetic
controls, aged 45-64 y
from Finland
184 Patients with
diabetes and 99
controls from India
74 Patients with diabetes
from Australia

Sleep duration ⱕ6 h/night was associated with twice the risk of developing
diabetes (RR for ⱕ5 h, 1.95 [95% CI, 0.95-4.01]; RR for 6 h, 1.95 [95% CI
1.06-3.58]) relative to 7 h.
A higher proportion of men with diabetes mellitus reported difficulty maintaining
sleep (21.9% vs 7.5%), difficulty initiating sleep (21.1% vs 6.9%), and
excessive daytime sleepiness (12.2% vs 5.8%) relative to all men combined.
No difference in mean bedtime, awakening time, total sleep time, naps, and
nocturnal sleep between the diabetic patients and controls.

Difficulty maintaining sleep (12% vs 7%), difficulty initiating sleep (21% vs 0%),
and excessive daytime sleepiness (1.1% vs 0.8%) were more common in the
diabetic patients.
Severity of type 2 diabetes, assessed by questionnaire, was associated with
longer sleep onset (r = 0.29; P⬍.05) and increased sleep fragmentation
(r = 0.24; P⬍.05), and this relationship appeared primarily mediated by
nocturia and pain.

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; OR, odds ratio; RR, risk ratio.

While there is extensive laboratory and epidemiologic evidence for an adverse effect of sleep-related breathing disorder (SRBD) on insulin sensitivity and risk for
the metabolic syndrome,15-21 there is less published data
on the incidence of SRBD in patients with type 2 diabetes. One study from Sweden had indicated that the prevalence of severe obstructive sleep apnea in men with type
2 diabetes is 36%, more than double that found in normoglycemic subjects.22
The rapidly accumulating evidence for a relationship
between impaired sleep and diabetes risk raises the possibility that an association between reduced sleep duration or quality and the severity of an existing diabetic condition may exist. We therefore present the results of a study
that examined self-reported sleep duration and quality and
glycemic control as assessed by hemoglobin A1c (HbA1c)
levels in African Americans with type 2 diabetes.
METHODS
The study involved a 30- to 45-minute interview and access to
medical charts. The protocol was approved by the University
of Chicago institutional review board, and all participants gave
(REPRINTED) ARCH INTERN MED/ VOL 166, SEP 18, 2006
1769

written informed consent. The participants received $20 for participating. Patients with type 2 diabetes were recruited at the
University of Chicago Hospital, Chicago, Ill. A total of 298 patients (216 African Americans, 54 whites, 3 Hispanics, 1 Asian,
and 24 of other or undetermined ethnicity) completed the study.
The sample composition was consistent with the ethnic distribution of the local patient population.
Our study planned to exclude patients from the analysis who
were diagnosed as having type 2 diabetes within the past year
because it is unlikely that they had achieved stable glycemic
control (n=24). Patients who provided incomplete responses
to the sleep questionnaire (n=7), patients without a glycated
hemoglobin (GHb) or HbA1c measurement within 3 months of
the interview (n=38), patients claiming to prefer 12 or more
hours of sleep per night (n=7), and patients of unknown ethnicity (n=18) were also excluded. The final sample included
204 individuals (161 African Americans, 38 whites, and 5 of
other ethnicities). There are well-documented ethnic differences in both diabetes risk and sleep.23,24 In an exploratory analysis, the interaction between our measure of sleep quality and
race was a highly significant predictor of glycemic control
(P⬍.001), indicating that the analysis needed to be stratified
by race. Ethnic groups other than African Americans are, however, underrepresented in our sample. The present analysis therefore focuses only on African American patients.
WWW.ARCHINTERNMED.COM
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During the interview, waist-hip ratio was measured, and the
patients reported height and weight from which we calculated
body mass index (BMI) (calculated as weight in kilograms divided by height in meters squared). The questions on diabetes
and its complications were part of the University of Chicago
Diabetes/Quality of Life survey study,25 and thus this information was all self-reported. Frequency of checking glucose level,
diabetes medications, and frequency of exercise were assessed. Subjects were categorized as either taking insulin (alone
or in combination with oral antidiabetic agents) or not taking
insulin. The presence of major complications of diabetes (neuropathy, retinopathy, nephropathy, coronary artery disease, and
peripheral vascular disease) was also assessed. This variable was
dichotomized into absence of complications and presence of 1
or more complications.
The interview included the Pittsburgh Sleep Quality Index
(PSQI),26 a validated 19-item questionnaire that produces a global
sleep quality score that ranges from 0 to 21, derived from 7 component scores.27,28 A global score greater than 5 distinguishes
poor sleepers from good sleepers.26 The question “how often
have you had trouble sleeping because you had pain?” identified patients with sleep disturbed by pain as those who responded “3 or more times per week.” We excluded these individuals in our analyses of the association between sleep and
glycemic control because chronic pain is a likely confounder.
The PSQI also included the actual number of hours of sleep
obtained on weekdays and on weekends. A weekly average was
calculated using the following formula:
(5/7 ⫻ Weekday Sleep Duration) ⫹ (2/7 ⫻Weekend Sleep
Duration).
We also asked preferred sleep duration and calculated perceived sleep debt as the difference between weekday sleep duration and preferred sleep duration. We created a modified PSQI
score by removing the sleep duration component to assess sleep
quality independently from sleep quantity.
The PSQI does not assess the presence of SRBD, which is
frequent in type 2 diabetes.22 However, the PSQI includes questions about breathing and snoring, which we used to estimate
risk of SRBD. Subjects were classified as at high risk of SRBD if
they indicated on the PSQI that their sleep was disturbed 3 or
more times per week because of difficulty breathing or coughing or snoring. Subjects who responded that their bed partners had noticed loud snoring or pauses in breathing during
sleep 1 or more times per week were also classified as at high
risk. Finally, this high-risk group included 12 patients who indicated during the interview that they had SRBD. All other subjects were classified as at low risk of SRBD.
The interview included the 20-item Center for Epidemiologic Studies Depression Scale (CES-D).29 Scores range from 0 to
60, where a higher score indicates greater depressive symptoms.
We obtained total GHb or HbA1c values from the medical
charts. Midway through the study, the University of Chicago
Laboratories switched from measuring GHb (by Bio-Rad Variant Classic boronate affinity-automated high-performance liquid chromatography [HPLC]) to HbA1c (by Bio-Rad Variant II
ion exchange automated HPLC) (Bio-Rad Laboratories, Hercules, Calif ). The intra-assay coefficient of variation was 0.5%
to 1.0%, and the interassay coefficient of variation was 2.2% to
2.4% for both methods. We converted GHb values to HbA1c using the following equation:
HbA1c =0.72⫻GHb⫹1.35.30
All statistical analyses were computed using SPSS 13.0 (SPSS
Inc, Chicago, Ill). Hemoglobin A1c had a right-skewed distribution. Therefore, we used the natural log of HbA1c (lnHbA1c)
in correlation and general linear model (GLM) analysis. Per(REPRINTED) ARCH INTERN MED/ VOL 166, SEP 18, 2006
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ceived sleep debt was used as the primary variable to quantify
the impact of sleep duration because it incorporates individual differences in sleep need. We also repeated the analyses
using weekly sleep duration rather than perceived sleep debt.
We used the modified PSQI score as a marker of sleep quality.
Finally, we calculated GLM for the dependent variable, lnHbA1c,
including both categorical and continuous variables. The first
model included 2 sleep variables as well as covariates and all
first-degree interactions. Interactions with a P level of ⬎.05 were
removed one at a time by deleting the interaction with the largest P value. Because a significant interaction term that includes a sleep variable and a categorical variable indicates that
the association between sleep and glycemic control is different for the different categories, we planned to stratify our regression analyses according to any significant interactions that
included a categorical variable and a sleep variable.
RESULTS

The sample included 42 men and 119 women. Table 2
provides descriptive statistics. The mean HbA1c level was
8.3%, and 26% of the sample had an HbA1c level below 7%,
which is the recommended optimal upper level of HbA1c.31
Only 6% of patients reported obtaining at least 8 hours of
sleep on weeknights and only 22% obtained at least 7 hours.
Approximately 71% of the patients exceeded the cutoff for
poor sleep (ie, global PSQI score ⬎5). We separated the
39 patients who reported sleep frequently disrupted by pain
from the remainder of the sample. Sleep quantity was lower
in the group with pain, indicated by shorter sleep durations and greater perceived sleep debt (Table 2). Modified
PSQI scores were also higher in the group with frequent
pain, even after excluding the pain question from the score.
The proportion of patients with poor sleep quality
(global PSQI score ⬎5) remained high (67%) after subjects with pain-disturbed sleep were excluded. The remainder of our analysis was restricted to patients without pain-disturbed sleep (35 men and 87 women). The
only significant sex difference in sleep was for weekend
sleep duration, which was significantly longer in women
(6.6±1.8 hours vs 5.9±1.3 hours; P =.03).
In bivariate analyses, higher lnHbA1c levels were associated with higher scores on the modified PSQI (r=0.28;
P=.002), ie, lower sleep quality, a greater perceived sleep
debt (r =0.30; P =.001), and shorter weekly sleep durations (r=−0.17; P =.03). Higher depression scores were
also associated with higher lnHbA1c levels (r = 0.27;
P=.003). As expected, the depression score and the modified PSQI score were significantly correlated (r = 0.63;
P⬍.001). Body mass index, waist-hip ratio, frequency of
exercise, frequency of checking glucose, and duration of
diabetes were not significantly related to lnHbA1c levels.
Finally, younger participants had poorer glycemic control (r =−0.27; P =.002).
We performed a GLM analysis of variance, with
lnHbA1c level as the dependent variable and perceived
sleep debt, modified PSQI score, age, sex, BMI, insulin
use, presence of diabetic complications, and 6 firstdegree interactions as predictors. After controlling for
age, sex, BMI, diabetic complications, and insulin use,
the sleep variables were significant (perceived sleep debt,
P=.01; modified PSQI score, P=.04) and had significant
interactions with diabetic complications (diabetic
WWW.ARCHINTERNMED.COM

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/pdfaccess.ashx?url=/data/journals/intemed/5551/ on 06/16/2017

complications⫻modified PSQI score, P = .001) and insulin use (insulin use⫻perceived sleep debt, P =.03; insulin use ⫻ modified PSQI score, P = .02). Adding the
CES-D depression score as a predictor only marginally
increased the variance accounted for by the model (from
unadjusted r2 =0.40 to r2 =0.41). The depression score did
not emerge as a significant predictor or have significant
interactions with other predictors. Replacing perceived
sleep debt with weekly sleep duration revealed a significant main effect of sleep duration (P = .02) and a trend
for modified PSQI score (P=.06), and the interactions between the sleep variables and the presence of complications or the use of insulin remained significant. Because
of the significant interactions between the sleep variables and diabetic complications or insulin use, regression analyses were stratified by diabetic complications
and by insulin use (Table 3).
In patients without complications, perceived sleep debt
but not subjective sleep quality was associated with
lnHbA1c levels. In contrast, in patients with at least 1 complication, modified PSQI score, but not perceived sleep
debt, was a significant predictor after controlling for covariates. Figure 1 presents bivariate associations between HbA1c level and the 2 sleep variables in patients
without and with diabetic complications.
Since we used lnHbA1c in regression analyses, the ␤ coefficients of the GLM represent the proportional change
in HbA1c level for an absolute change in main effect.32
Figure 2 presents the predicted increase in HbA1c level
for hypothetical patients with low (ie, corresponding to
the 25th percentile of HbA1c values), average (ie, corresponding to the 50th percentile of HbA1c values), and high
(ie, corresponding to the 75th percentile of HbA1c values) HbA1c levels. For example, in patients without complications, a perceived sleep debt increase of 3 hours per
night for an individual with an HbA1c level of 7.5% predicts an HbA1c level of 8.6% (ie, an increase by 1.1%). In
patients with at least 1 complication, a 5-point increase
in PSQI for an individual with an HbA1c of 8.7% predicts
an HbA1c level of 10.6% (ie, an increase by 1.9%). Because the ␤ coefficient is proportional, changes in sleep
variables have a larger effect at larger values of HbA1c.
Table 3 also presents results for patients stratified by
insulin use. For patients not taking insulin, perceived sleep
debt, but not PSQI, was a significant predictor. For patients taking insulin, PSQI score, but not perceived debt,
was significantly associated with lnHbA1c level.
Of the 122 patients, 23 (19%) were classified as at high
risk of SRBD. This subgroup had a higher mean HbA1c level
compared with those at low risk of SRBD (9.7 vs 7.9%;
P⬍.01) but were not more likely to have complications
or to be treated with insulin. The bivariate correlations between HbA1c level and sleep variables were essentially unchanged after excluding subjects at high risk of SRBD
(lnHbA1c level and perceived sleep debt, r=0.30 [P=.003];
lnHbA1c level and modified PSQI, r=0.23 [P⬍.05]).
COMMENT
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Table 2. Characteristics of Patients*
Full
Sample
(n = 161)

No Frequent
Pain
(n = 122)

Frequent
Pain
(n = 39)

57.3 ± 12.5
8.3 ± 2.1
35.8 ± 9.8
0.95 ± 0.11
6.0 ± 1.6

58.3 ± 12.7
8.2 ± 2.1
35.3 ± 9.7
0.95 ± 0.12
6.2 ± 1.6

54.3 ± 11.5
8.5 ± 2.2
37.4 ± 10.4
0.96 ± 0.10
5.2 ± 1.7†

6.1 ± 1.7

6.4 ± 1.6

5.4 ± 1.8†

6.0 ± 1.6

6.3 ± 1.5

5.3 ± 1.6†

7.7 ± 1.3

7.8 ± 1.3

7.5 ± 1.3†

1.8 ± 1.5

1.7 ± 1.5

2.4 ± 1.5†

7.0 ± 3.8

6.0 ± 3.2

10.0 ± 4.0†

15.2 ± 10.9
11.4 ± 9.3

12.8 ± 9.2
11.5 ± 9.3

22.5 ± 12.5†
11.1 ± 9.5

52.8
47.2

57.4
42.6

38.5
61.5

50.3
47.8

56.7
43.3

34.2
65.8

5.0
8.1
6.8
23.6
34.1
15.5
6.8

5.7
6.6
7.4
27.9
35.2
13.1
4.1

2.6
12.8
5.1
10.3
30.8
23.1
15.4

32.2
11.2
16.8
13.0
26.7

28.7
13.9
17.2
13.1
27.0

43.6
2.6
15.4
12.8
25.6

Characteristic
Age, y
HbA1c, %
BMI
Waist-hip ratio
Hours of sleep
on weekdays
Hours of sleep
on weekends
Weekly sleep
duration average
Preferred hours
of sleep
Perceived sleep debt,
h/night
Modified PSQI score
(no sleep duration
component)
CES-D score
Years of diabetes
Diabetic
complications, No.†
0
ⱖ1
Insulin use†
No insulin
Insulin
Frequency checking
glucose†
Never
1-2/wk
3-6/wk
1/d
2/d
3/d
ⱖ4/d
Frequency of exercise
per wk
Rarely
1
2
3
ⱖ4

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); CES-D, Center for Epidemiologic
Studies Depression Scale; HbA1c, hemoglobin A1c; PSQI, Pittsburgh Sleep
Quality Index.
*Data are given as mean ± SD or percentage unless otherwise indicated.
†Indicates a significant difference in means or proportions between the no
frequent pain and frequent pain groups according to t tests or 2 tests
(P⬍.05).

cose tolerance and increased diabetes risk.1,4,6,9,33 The findings also raise the possibility that reduced sleep duration
or quality could adversely affect glucose control in an existing diabetic condition. To our knowledge, the present study is the first to address this hypothesis by examining self-reported sleep duration and quality and HbA1c
levels in patients with type 2 diabetes. Our analyses reveal that a higher perceived sleep debt or lower sleep quality are associated with poorer glucose control, after controlling for age, sex, BMI, insulin use, and the presence
of major complications.
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Table 3. Predictors of lnHbA1c From GLM Regression Analysis Stratified by Diabetic Complications and Insulin Use*
Diabetic Complications, No.
Main Effects
Age
Sex (male reference group)
BMI
Perceived sleep debt
Modified PSQI score
Insulin use
Diabetic complications
Adjusted r 2

Insulin Use

0

ⱖ1

No Insulin Use

Using Insulin

−0.005 (.03)
−0.023 (.70)
−0.001 (.60)
0.51 (.04)
−0.014 (.16)
0.083 (.12)
NA
0.12

−0.002 (.52)
−0.100 (.21)
0.004 (.29)
−0.005 (.85)
0.043 (.002)
0.115 (.09)
NA
0.22

0.001 (.74)
−0.069 (.29)
0.002 (.47)
0.061 (.01)
−0.009 (.44)
NA
0.031 (.59)
0.05

−0.007 (.004)
−0.025 (.69)
−0.001 (.62)
−0.017 (.51)
0.026 (.02)
NA
0.074 (.22)
0.30

Abbreviations: BMI, body mass index; GLM, general linear model; lnHbA1c, natural log of hemoglobin A1c; NA, not applicable; PSQI, Pittsburgh Sleep Quality
Index.
*Data are given as ␤ coefficient (P value) unless otherwise specified.

HbA1C, %

A
16

16

14

14

12

12

10

10

8

8

6

6
Adjusted P = .04

4
0

1

2

3

4

5

Adjusted P = .16

4

6

0

2

4

6

8

10

0

2

4

6

8

10

12

HbA1C, %

B
16

16

14

14

12

12

10

10

8

8

6

6

Adjusted P = .78

4
0

1

2

3

4

5

6

Perceived Sleep Debt, h

Adjusted P = .001

4

12

Modified PSQI Score

Figure 1. Scatterplots between hemoglobin A1c (HbA1c) and modified Pittsburgh Sleep Quality Index (PSQI) score and perceived sleep debt stratified by diabetic
complications (A, no diabetic complications; B, ⱖ1 diabetic complications). Note the interindividual variability of HbA1c levels at any given level of modified PSQI
score or perceived sleep debt value.

The direction of causality cannot be inferred from our
analyses. Poor glycemic control in patients with diabetes could impair subjective sleep quality even in the absence of pain. For example, nocturia could play a role in
the observed relationship between sleep and glycemic con(REPRINTED) ARCH INTERN MED/ VOL 166, SEP 18, 2006
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trol.14 One of the limitations of our study is that the questionnaires did not include assessment of the severity of
nocturia. Perceived sleep debt could partly reflect the inability to achieve sufficient sleep rather than a voluntary reduction of bedtime. The fact that most patients
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Change in HbA1C, %

A
2.5

2.5

2.0

2.0

1.5

1.5

1.0

1.0

0.5

0.5

0

6.6

7.5

8.9

0

Baseline HbA1C in the Group With No Complications, %

6.6

7.5

8.9

Baseline HbA1C in the Group Not Taking Insulin, %

Change in HbA1C, %

B
2.5

2.5

2.0

2.0

1.5

1.5

1.0

1.0

0.5

0.5

0

0
7.2

8.4

10.1

Baseline HbA1C in the Group With Complications, %

7.0

8.2

9.8

Baseline HbA1C in the Group Taking Insulin, %

Figure 2. Predicted increase in hemoglobin A1c (HbA1c) resulting from an increase in perceived sleep debt (A) or a decrease in sleep quality (ie, an increase in
Pittsburgh Sleep Quality Index [PSQI] score) (B) in a hypothetical subject who would have a baseline HbA1c in the low (25th percentile), median (50th percentile),
or high (75th percentile) for the subgroup under consideration. The predicted change is based on an increase in perceived sleep debt of 3 hours for the group with
no complications and the group not taking insulin. The predicted change is based on an increase in PSQI score by 5 points for the group with complications and
the group taking insulin.

(83%) without pain-disrupted sleep did not report longer
sleep during the weekend relative to weekdays is consistent with this notion. Thus, poor diabetes control could
contribute both to a higher perceived sleep debt and lower
sleep quality. On the other hand, evidence from previous laboratory and epidemiologic studies supports the
opposite direction of causality, that is, that short or poor
sleep impairs glucose control. The prospective studies
showing a relationship between sleep duration and the
development of symptomatic diabetes are particularly relevant to the present findings. Intervention studies are
needed to test the hypothesis that paying a sleep debt
and/or improving sleep quality may improve glucose control in patients with type 2 diabetes. The strength of the
associations in our sample suggests that such studies
would be warranted from a clinical standpoint. Our analyses indicated that in patients without complications, a
perceived sleep debt of 3 hours per day was associated
with an increase in HbA1c level by 1.1% above the median, while in patients with at least 1 complication, a
5-point increase in PSQI score (decreased sleep quality)
(REPRINTED) ARCH INTERN MED/ VOL 166, SEP 18, 2006
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was associated with an increase in HbA1c level by 1.9%
above the median. The magnitude of these effects is
comparable to those of widely used oral antidiabetic
agents.34-36 The fact that perceived sleep debt is significant for those without complications or those not taking insulin, while sleep quality, as measured by the
modified PSQI, is significant for those with complications or those taking insulin, may be due to differences
in severity of disease.
The present study introduces the construct of “perceived sleep debt” that captures habitual sleep time and
subjective sleep need. In exploratory bivariate analyses,
we noted that perceived sleep debt was more strongly correlated with levels of HbA1c compared with sleep duration (r =⫹0.30 vs r=−0.17), which suggested that perceived sleep debt may be a better predictor of glycemic
control because it represents sleep loss in relation to subjective sleep need, which likely varies between individuals. We verified that the results of the regression model
would have been qualitatively similar had we used sleep
duration rather than perceived sleep debt but noted that
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perceived sleep debt accounted for a larger proportion
of the variance compared with sleep duration.
Approximately 20% of our participants (17% of men
and 27% of women) were identified as at high risk for
SRBD. Others have found a 36% prevalence of SRBD in
men with type 2 diabetes,22 while the prevalence in the
general population has been estimated to be 24% in men
and 9% in women.37 Our method of identifying SRBD using questions from the PSQI has not been validated, and
it is possible that we have underestimated the prevalence of SRBD in this sample. When patients classified
as being at high risk for SRBD were excluded from our
analysis, the associations between HbA1c levels and sleep
variables persisted, indicating that SRBD risk as estimated in our study is not the primary mediator of the
relationship between glucose control and sleep.
The present study identifies sleep as a potential factor influencing glucose control in a specific population
of patients with type 2 diabetes. African Americans represent approximately 18% of the 19 million Americans
with type 2 diabetes.38 Similar associations between sleep
and glucose control are likely to exist in other ethnic
groups. A cohort study that included mostly whites found
a relationship between sleep duration and the development of symptomatic diabetes.4 Additional research is
needed to determine whether optimizing sleep duration
and quality may improve glucose control in patients with
type 2 diabetes. Sleep curtailment has become increasingly prevalent in modern society, and it cannot be excluded that this behavior has contributed to the current
epidemic of type 2 diabetes.
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