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INTRODUCTION
Insufficient sleep and difficulty falling or staying asleep 

typical of insomnia are factors that have been associated with 
increased risk of diabetes.1 In the Penn State cohort, individu-
als with insomnia who slept < 6 h during overnight laboratory 
polysomnography had a higher prevalence of diabetes relative 
to individuals with insomnia who slept > 6 h, leading Vgontzas 
et al.2 to propose that short-sleep insomnia may be a risk fac-
tor for such metabolic morbidity. The pathogenesis of type 2 
diabetes involves deficits in insulin secretion and action, but 
their contribution to diabetes risk in short-sleep insomnia is 
poorly understood. Some reports suggest that individuals with 
insomnia may have increased insulin resistance,3-5 whereas the 
Coronary Artery Risk Development in Young Adults (CAR-
DIA) sleep study reached opposite conclusions.6 We used an 
oral glucose challenge to obtain measures of glucose tolerance, 
insulin secretion, and insulin action in nondiabetic patients with 
insomnia with and without short sleep.

METHODS
Individuals with insomnia (age 30-64 y, body mass index 

[BMI] 20-35 kg/m2) were recruited through local advertise-
ments. The study protocol was approved by the University of 
Chicago Institutional Review Board. Volunteers gave written 
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informed consent and were paid for their participation. All par-
ticipants had an Insomnia Severity Index7 > 10, Pittsburgh Sleep 
Quality Index8 > 5, and met Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV) criteria for prima-
ry insomnia. Exclusion criteria were: night work; recent travel 
across multiple time zones; medications that affect sleep or me-
tabolism; any acute or unstable chronic medical condition; ab-
normal comprehensive metabolic panel, thyroid function tests, 
blood counts, or 12-lead electrocardiogram; hemoglobin A1C 
≥ 6.5%; and smoking ≥ 1 pack/week. Psychiatric illness, sub-
stance abuse, and excessive alcohol consumption were exclud-
ed using the Mini-International Neuropsychiatric Interview.9

Participants had a 75-g oral glucose tolerance test at the time 
of screening. Plasma glucose (STAT-2300 analyzer, Yellow 
Spring Instruments, Yellow Springs, OH) and serum insulin 
(Immulite-2000, Diagnostic Products, Los Angeles, CA) were 
measured at 0 and 120 min to derive measures of (1) insulin 
secretion, including homeostatic model assessment of beta-cell 
function, HOMA-B (University of Oxford HOMA2-Calcula-
tor-v.2.2; http://www.dtu.ox.ac.uk/homacalculator/index.php)10 
and second-phase insulin response to glucose;11 and (2) insulin 
action, including insulin sensitivity index (ISI)11 and homeo-
stasis model assessment of insulin resistance, HOMA-IR (Uni-
versity of Oxford HOMA2-Calculator-v.2.2; http://www.dtu.
ox.ac.uk/homacalculator/index.php). Individuals with diabetic-
range fasting and 2-h glucose values were excluded from par-
ticipation. Within 1 mo after screening, participants completed 
1 night of laboratory polysomnography (Neurofax-1100EEG, 
Nihon-Kohden, Foothill Ranch, CA). Scheduled time-in-bed 
was 7.5 h. Airflow was recorded using pressure transducers and 
thermocouples. Thoracic and abdominal respiratory effort was 
monitored with piezoelectrodes. Records were scored in 30-sec 
epochs. Sleep latency was defined as the time between lights-
off and any stage sleep. Hypopneas were defined as ≥ 10-sec 
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reduction in airflow with oxygen desaturation ≥ 3%. Individu-
als with respiratory disturbance index > 14 were excluded from 
participation. Short-sleep insomnia was defined as polysomno-
graphic sleep efficiency ≤ 80% with overnight sleep ≤ 6 h.

Familial risk for type 2 diabetes was categorized as low (no 
family history); increased (fewer than two first-degree or one 
first-degree and two second-degree relatives with diabetes); 
or high (at least two first-degree or one first-degree and two 
second-degree relatives with diabetes). Self-reported physical 
activity was scored as: 0 = low (walking < 90 min/week); 1 = 
moderate (at least 30 min of walking ≥ three times/week); and 
2 = high (at least 20 min of vigorous exercise ≥ three times/
week).12 Analysis of covariance to control for between-group 
imbalance in familial diabetes risk and intermittent smoking 
(Table 1) was used to compare glucose tolerance, insulin secre-
tion, and insulin sensitivity in patients with insomnia with and 
without short sleep. Results did not change (data not shown) 
with added control for other diabetes risk factors (age, BMI, 

sex, race/ethnicity, physical activity, and respiratory sleep dis-
turbance) that were well matched between groups (Table 1).

RESULTS
Half of the 28 eligible participants had short-sleep insomnia 

by polysomnography (Table 1). They had greater difficulty fall-
ing and staying asleep, lower sleep efficiency, and less Stage 
2 and rapid eye movement sleep (Table 1). Hemoglobin A1C, 
fasting, and 2-h blood glucose concentrations did not differ be-
tween groups (Table 1). Patients with short-sleep insomnia had 
lower fasting and postchallenge serum insulin concentrations, 
reduced indices of beta-cell function (HOMA-B; second-phase 
insulin secretion), and increased insulin sensitivity (HOMA-IR; 
ISI) (Table 1).

DISCUSSION
Short-sleep insomnia (< 6 h/night) defined by polysomnog-

raphy identifies a group of patients with insomnia at increased 

Table 1—Characteristics of insomnia sufferers and measures of glucose regulation

Sleep > 6 h
(n = 14)

Sleep ≤ 6 h
(n = 14) P

Age (y) 47 ± 9 50 ± 10 0.498
Body mass index (kg/m2) 25.5 ± 4.0 25.6 ± 4.0 0.969
Sex distribution (female/male) 8/6 9/5 0.699
Race/ethnicity with higher diabetes risk (n) 10 7 0.412
Self-reported physical activity (score) 1.1 ± 0.7 1.3 ± 0.8 0.618
High familial risk of diabetes (n) 3 7 0.115
Intermittent tobacco use (n) 1 5 0.065
Subjective sleep quality 

Insomnia Severity Index 17 ± 5 19 ± 5 0.335
Pittsburgh Sleep Quality Index 11 ± 3 10 ± 3 0.779

Overnight polysomnography
Total sleep time (min) 407 ± 19 323 ± 30 < 0.001
Sleep efficiency (%) 89 ± 5 72 ± 6 < 0.001
Sleep onset latency (min) 10 ± 12 31 ± 27 0.014*
Wake after sleep onset (min) 33 ± 13 94 ± 28 < 0.001
Stage 1 sleep (min) 26 ± 13 30 ± 14 0.455
Stage 2 sleep (min) 267 ± 29 197 ± 37 < 0.001
Slow wave sleep (min) 17 ± 22 31 ± 28 0.136
Rapid eye movement sleep (min) 97 ± 21 65 ± 21 < 0.001
Number of awakenings 5 ± 2 7 ± 3 0.069
Respiratory disturbance index (events/h) 6 ± 4 4 ± 4 0.218

Glucose tolerance
Fasting plasma glucose (mg/dL) 87 ± 5 93 ± 10 0.155
2-h plasma glucose (mg/dL) 106 ± 35 130 ± 32 0.256
Hemoglobin A1C (%) 5.5 ± 0.2 5.6 ± 0.3 0.611

Insulin secretion and action
Fasting serum insulin (pmol/L) 40 ± 23 29 ± 10 0.015
HOMA-B 82 ± 34 58 ± 13 0.012
HOMA-IR 0.74 ± 0.42 0.54 ± 0.20 0.017
2-h serum insulin (pmol/L) 445 ± 292 308 ± 130 0.006
Second-phase insulin response 336 ± 96 226 ± 85 0.001
Insulin sensitivity index 14.8 ± 4.9 16.5 ± 4.2 0.025

Data are mean ± standard deviation unless otherwise noted. P values for participant demographic and sleep characteristics based on Pearson’chi-square 
test for categorical variables and Student’ independent-samples test for continuous variables. Measures of glucose tolerance and insulin secretion and action 
were compared using analysis of variance, which included family history of diabetes and tobacco use as covariates. *Square root transformed data used for 
comparison.
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risk of diabetes.2 In the current study, nondiabetic participants 
with short-sleep insomnia had reduced insulin secretion in as-
sociation with higher insulin sensitivity and no significant de-
terioration in hemoglobin A1C and overall glycemic control 
(Table 1). These findings are consistent with observations in 
CARDIA study participants with actigraphic evidence of in-
somnia, whose fasting blood glucose remained unchanged 
in the setting of lower insulin concentrations and decreased 
HOMA-IR.6 However, it has been hypothesized that a similar 
pattern might not occur following a carbohydrate challenge.6 
Our data now indicate that short-sleep insomnia is also char-
acterized by increased postchallenge insulin sensitivity and re-
duced glucose-stimulated insulin secretion (Table 1).

Relying almost exclusively on fasting blood glucose and in-
sulin measurements, previous studies have provided conflict-
ing evidence of unchanged,13 increased,6 or decreased insulin 
sensitivity3-5 in insomnia sufferers. The inconsistency of these 
reports likely stems from their variable and often incomplete 
control for important variables such as race/ethnicity, physical 
activity, family history of diabetes, smoking, depressed mood 
or anxiety, and sleep disordered breathing. When we accounted 
for such potential contributing factors, patients with short-sleep 
insomnia had higher fasting and postchallenge insulin sensitiv-
ity indices (Table 1).

How do these findings relate to the association of short-sleep 
insomnia and diabetes risk? Primary insomnia is characterized 
by physiologic hyperarousal14— an energetically more costly 
metabolic state that may require adaptive downregulation of 
insulin secretion to match postabsorptive carbohydrate avail-
ability to the increased fuel needs of glucose-dependent and 
glucose-independent tissues.15 It is possible that when combined 
with preexisting defects in beta-cell function and excessive adi-
posity, such otherwise appropriate chronic downregulation in 
insulin secretion related to short-sleep insomnia could become 
maladaptive and translate into increased risk of diabetes. How-
ever, this speculative hypothesis could not be addressed in the 
current study, which was limited by its observational design, 
small sample size, surrogate measures of insulin secretion and 
sensitivity, and reliance on a single night of polysomnography 
to define short-sleep insomnia. Prospective interventional pro-
tocols will be needed to determine whether primary insomnia 
contributes to the pathogenesis of type 2 diabetes independent-
ly from other well-known metabolic risk factors.
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