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Study Objectives: We examine the association between self-reported sleep duration and diabetes incidence in a 
national sample of American Indians/ Alaska Natives (AI/ANs) with prediabetes. 
Methods: Data were derived from the Special Diabetes Program for Indians Diabetes Prevention demonstration 
project. This longitudinal analysis included 1,899 participants with prediabetes recruited between January 1, 2006 and 
July 31, 2009 who reported sleep duration and completed all 16 classes of the lifestyle intervention consisting of diet, 
exercise, and behavior modification sessions to promote weight loss. Three years of follow-up data were included to fit 
Cox regression models to compute hazard ratios (HRs) for diabetes incidence across sleep duration categories. 
Results: The crude diabetes incidence rate was 4.6 per 100 person-years among short sleepers (≤ 6 h per night) 
compared to 3.2 among those sleeping    7 h and 3.3 among those sleeping 8 h or more. After adjustment for age 
and sex, short sleep (≤ 6 h vs. others) was associated with increased diabetes risk (HR 1.55 [95% confidence interval 
1.11–2.17]);  risk remained significantly elevated after controlling for socioeconomic characteristics, health behaviors,    
and health status. When adjusting for body mass index and percent weight loss, the short sleep-diabetes relationship 
was attenuated (HR 1.32 [95% confidence interval 0.92–1.89]). No significant long sleep-diabetes association was 
found. Further, short sleepers lost significantly less weight than others (3.7% vs. 4.3%, P = 0.003). 
Conclusions: Short sleep duration, but not long duration, was significantly associated with increased diabetes risk 
and less weight loss among AI/ANs in a lifestyle intervention. Further exploration of the complex factors underlying 
short sleep duration is warranted. 
 

Significance 
Epidemiologic studies suggest a role for short and long sleep duration in diabetes risk, but racial/ethnic variation in this 
association has not been studied extensively. To our knowledge, this is the first study to examine the role of sleep in 
diabetes among AI/ANs, and does so in a large lifestyle intervention cohort to promote weight loss among AI/ANs with 
prediabetes. In this cohort, we found an increased risk for diabetes with short sleep duration but not  with long sleep 
duration. In addition, short sleepers lost less weight than normal sleepers, thus benefitting less from the lifestyle 
intervention. This work provides evidence for the importance of emphasizing consistent, adequate sleep in lifestyle 
intervention to prevent diabetes. 

 

INTRODUCTION 
Adequate daily sleep is vital to human health. Yet with the evolvement of multiple social, cultural, behavioral 

and environmental factors, sleep deficiency in both quality and quantity is common in modern society.1 More 

than 30% of American adults report sleeping less than 6 hours per night.2 Lack of  sleep, both short and long 
term, is associated with changes in physiologic, cardiovascular, and endocrine system functioning. Habitual 

long sleep duration is also linked to adverse health effects.2 In a review and meta-analysis, when compared to 
those sleeping the usual 7 to 8 hours per night, short sleep duration (generally < 7 h) has been associated with 

a 12%  higher risk  of death and long sleep duration (commonly > 8 or 9 h) with a 30% higher risk of death.1 

Epidemiologic studies show that duration and quality of sleep are related to a spectrum of chronic health 



  

conditions including cardiovascular disease,3 hypertension,4 and obesity.5 

Sleep duration is related to type 2 diabetes,6 a striking public health challenge which poses enormous 

economic burden.7 Recent meta-analyses reveal that both short and long duration of sleep are significantly 

associated with increased risk of type 2 diabetes; the lowest risk occurs at 7 to 8 h of  sleep daily.8,9 

Substantial racial/ethnic disparities are evident with respect to both sleep duration10 and type 2 diabetes.11 

Thus this relationship has been studied in poor, racially and ethnically underserved populations. Analyses of 
2004–2011 data drawn from the US National Health Interview Survey describe a U-shaped association 

between sleep duration and diabetes prevalence among both black and white adults.12 Another analysis 
focusing on just the 2005 data from this same source shows that the U-shaped association is even more 

pronounced among blacks.13 A much smaller study of a US multiethnic cohort reports an increased risk of 

diabetes with short sleep duration among Hispanics.14 In a recent investigation focusing on women, short 
and long sleep duration is found to be associated with diabetes prevalence among Filipinas, but not their 

white or black counterparts.15  Clearly,  despite some inconsistencies in these findings, potential racial/ethnic 
variation in this association warrants continued attention. 

The prevalence of type 2 diabetes is alarmingly high among American Indians and Alaska Natives 

(AI/AN); at 15.9%,  it   is more than twice that of non-Hispanic whites.11 Based on a recent cross-sectional 
analysis, AI/ANs also exhibit a higher prevalence of frequent insufficient sleep than their non-Hispanic white 

counterparts.16 However, research on sleep in this population is limited and, to the best of our knowledge, 
the relationship between sleep and diabetes incidence has never been previously examined among AI/ANs. 
In this article, we examine the relationship between sleep duration and diabetes incidence among a national 
sample of AI/ANs with prediabetes who participated in a lifestyle intervention that focused on weight loss 

promotion.17 Furthermore, we evaluate the relationship of sleep duration with clinical and behavioral 
outcomes of lifestyle intervention, such as weight loss, diet, blood pressure, and dyslipidemia. 

 
METHODS 

 
Study Population 
The data are derived from a lifestyle intervention designed to prevent diabetes among AI/ANs known as the 
Special Diabetes Program for Indians Diabetes Prevention Demonstration Project (SDPI-DP), which is 

described in detail elsewhere.17,18 Funded by congressional mandate, the SDPI-DP assessed the feasibility of 
translating a lifestyle intervention to prevent diabetes among diverse AI/AN communities. Thirty-six health 
care programs serving 80 tribes in 18 states and 11 Indian Health Service (IHS) administrative areas 
participated in the SDPI-DP. These programs included seven urban Indian health programs located within 
non-profit Native organizations that receive IHS funding for health services in urban areas. These programs 

implemented the 16-session Lifestyle Balance Curriculum adopted from the Diabetes Prevention Program19 

and evaluated its effectiveness over a 3-y period. After a baseline assessment, enrollees participated in the 
lifestyle curriculum consisting of diet, exercise, and behavior modification sessions to reach and maintain a 
weight reduction of at least 7% of initial body weight. Participants were encouraged to follow a lowfat, low-
calorie diet and to increase moderate physical activity to at least 150 min weekly. Cultural adaptation, such as 
talking circles or indigenous foods, was permitted as long as the basic information of the curriculum was 
maintained. The curriculum was provided in group settings within 16 to 24 weeks after baseline and typically 
was taught by a local program dietitian and/or health educator. 

Eligible participants had to be AI/AN (eligible to receive IHS services), at least 18 y of age, without a 
previous diabetes diagnosis, and have either impaired fasting glucose (IFG) (fasting blood glucose [FBG] 
level of 100–125 mg/dL and an oral glucose tolerance test [OGTT 2-h glucose] result < 200 mg/dL) or 
impaired glucose tolerance (IGT) (an OGTT 2-h glucose result of 140–199 mg/dL 2 h after a 75-g oral glucose 



  

load and an FBG level < 126 mg/dL). Enrollment started in January 2006; by July 31, 2009, 3,312 participants 
who met the eligibility criteria were recruited and began the intervention. Participants who completed all 16 
classes of the lifestyle curriculum, had at least one follow-up assessment for diabetes status, and reported 
sleep duration at baseline were  included  in  the  primary  analyses (n = 1,899). We limited the study cohort to 
those who completed all intervention sessions in order to obtain a homogenous group of participants in terms 
of intervention exposure. Moreover, among those who did not complete all 16 classes, loss to followup rates 
were significantly higher which, if analyzed separately, would have resulted in analyses that were 
underpowered. The SDPI-DP protocol was approved by the institutional review board of the University of 
Colorado Anschutz Medical Center and the National Indian Health Service institutional review board. When 
required, grantees obtained approval from other entities charged with overseeing research in their programs 
(e.g., tribal review boards). All participants provided written informed consent and Health Insurance 
Portability and Accountability Act authorization. 

 
Measures 

 
Diabetes Incidence 

At baseline, within 1 mo of completing the last Diabetes Prevention Program (DPP) class (usually 4 to 6 mo 
after baseline, hereafter called the postcurriculum assessment), and annually after baseline for up to 3 y,  
participants underwent     a comprehensive clinical assessment to evaluate diabetes risk and incidence. The 
primary outcome, incident diabetes, was diagnosed by an annual OGTT or a semiannual FBG test conducted 
in local or regional laboratories. The diagnosis was made according to the 2004 American Diabetes 
Association criteria: an FBG ≥ 126 mg/dL or a 2-h test result ≥ 200 mg/dL after a 75-g oral glucose load. In 
addition to the semiannual measurements, FBG was measured if symptoms suggestive of diabetes 
developed. The diagnosis was usually confirmed by a second test, generally within 6 weeks of the first test, 
or was confirmed by a provider based on clinical judgment. 

 
Sleep Duration 

Sleep duration was obtained by self-report in the baseline participant questionnaire. Participants answered 
the question: “How many hours a night do you sleep, on average?” with one of the following 10 options: ≤ 3, 
4, 5, 6, 7, 8, 9, 10, 11, or ≥ 12 h. The sleep duration of  each participant was categorized as 6     or fewer hours 
(labeled “short sleepers”), 7 and ≥ 8 h (“long sleepers”). We chose a reference group of 7 hours to be 

consistent with relevant literature8,9 and because it was the category associated with the lowest diabetes 
incidence among all 10 categories of our original sleep variable. 

 
Sociodemographic Characteristics and Health Behaviors 

The questionnaire also encompassed sociodemographic characteristics and health-related behavior.18 

Sociodemographic measures included age, sex, educational attainment, marital status, annual household 
income, and employment status. 

Health behaviors, assessed at baseline and in subsequent follow-up questionnaires, included smoking 
status, alcohol use, physical activity, and diet information. Smoking history and current smoking status were 

obtained using items from a previous epidemiologic study among AI/ANs.20 Alcohol use was measured 

with the Alcohol Use Disorders Identification Test (AUDIT).21 Weekly physical activity was recorded via 

the Rapid Assessment of Physical Activity (RAPA1).22 The RAPA1 is a seven-item instrument covering a 
range of weekly aerobic physical activity levels. The response indicating the highest activity level was used 
to categorize participants into one of five levels of physical activity. Diet information was acquired using a 

set of culturally adapted questions for self-reported frequency of eating a variety of foods,23 with responses  
for each question ranging from 1 (less than once a month) to 6 (more than once a day). The healthy diet 
score was the average frequency of consuming six kinds of relatively healthy foods (e.g., whole grain bread, 
vegetables), whereas the unhealthy diet score was the mean of 12 questions about relatively unhealthy foods 



  

(e.g., bacon or sausage, regular soft drinks/soda, fast food). 
 

Clinical Characteristics 

At each clinical assessment, a grantee staff member measured the participant’s weight, height (shoeless, in 
light clothing), and blood pressure. Laboratory assays of FBG, OGTT 2-h glucose, high-density lipoprotein 
cholesterol, low-density lipoprotein cholesterol, and triglycerides were conducted in local or regional 
laboratories after 9 to 12 h of fasting following standardized protocols. A self-administered comorbidity 

questionnaire24 assessed the following conditions:  prediabetes, heart disease, high blood pressure, lung 
disease, ulcer or stomach disease, kidney disease, liver disease, anemia or other blood disease, history of 
cancer, depression,  osteoarthritis, back pain, and rheumatoid arthritis. Finally, the general health status item 

from the Medical Outcomes Study Short Form-12 (SF-12)25 indexed the general health of each participant. 
Based on the distribution of the data, some categories were combined and treated as a three-category variable: 
poor or fair, good, very good or excellent. 

 
Statistical Analysis 

Baseline characteristics were compared among different categories of sleep duration using χ2 tests for 
categorical variables and analysis of variance tests for continuous variables. To determine the association 
between sleep duration and diabetes risk in SDPI-DP participants, hazard ratios (HR) and 95% confidence 
intervals (CI) were calculated using Cox proportional hazards regression models. We began with a model 
including only sleep duration (model 0), and then purposefully entered groups of covariates: age and sex were 
added to model 1; socioeconomic characteristics to model 2; behavioral characteristics to model 3; self-
reported health status (comorbidities and general health status) to model 4; body mass index (BMI) to model 
5; and percent weight loss at postcurriculum assessment to model 6. The proportional hazards assumptions 
were checked by including an interaction term between each covariate and log of follow-up time. None of 
those interaction terms were statistically significant, indicating no violation of the assumption. 

Missing data were uncommon for most of the independent variables included in these analyses (≤  5%)  
except  income and marital status (20% and 16%, respectively). Fewer than  3% of participants (n = 55) had 
missing data for sleep dura tion and were excluded from the main analysis. Yet, in final multivariate 
regression models without imputation, about onethird of the observations were excluded due to missing data 
on other covariates. To avoid potential bias caused by excluding incomplete cases and to maximize the power 
of  the analysis,   a multiple imputation method was used to address  missing data in the baseline independent 
variables (income, education, marital status, RAPA1, unhealthy diet, AUDIT, smoking, selfadministered 
comorbidity index, general health status, BMI). The multiple imputations were performed using IVEware 

software developed by the University of Michigan Survey Methodology Center.26 The results were then 
combined using the SAS MIANALYZE procedure to obtain the proper estimate for the standard error for 
each parameter of interest. 

Various sensitivity analyses evaluated the robustness of our conclusions with respect to missing data and 
other assumptions. First, the analyses were repeated with complete cases only (i.e., excluding the participants 
with missing data on any of the covariates). A sensitivity analysis was subsequently performed using 6 to 8 h 
of sleep as the reference group, to allow for comparison with previous studies that defined the refer ence 

group in this manner.6 Finally, the analyses were repeated using data from all participants without 
consideration for the number of DPP classes attended. All data analyses were conducted using SAS 9.3 (SAS 
Institute Inc., Cary, NC). 

 
RESULTS 
Table 1 presents the baseline sociodemographic, health behavioral, and clinical characteristics of SDPI-DP 
participants who completed all 16 classes and who had at least one followup assessment, stratified by 
reported baseline sleep duration. Short sleepers reported lower rates of having never smoked than those who 
reported 7 h or more of sleep per night (42.3% vs. 49.6% and 48.9% respectively, P = 0.02). Lower levels of 



  

physical activity, based on the continuous rapid assessment of physical activity (RAPA1), were linked to 
short and long sleep (P = 0.04). Unhealthy diet consumption (P = 0.01) and higher BMI (P = 0.001) were 
associated with short sleep duration. In addition, short sleepers reported a higher number of comorbidities 
than either the reference group or long sleepers (3.00 vs. 2.34 and 2.44 respectively, P < 0.0001). Short 
sleepers were also significantly less likely to report very good or excellent health status (P < 0.0001). 

On average, participants were followed for about 2 y (range: 6 mo to 3 y); baseline short sleepers had the 
lowest completion rates for the first two annual assessments and the shortest average follow-up duration. 
After completing the DPP curriculum, mean sleep duration increased about 30 min among short sleepers and 
decreased about 30 min among long sleepers. However, the average change in sleep duration was less than 10 
min among those who reported 7 h of sleep per night at baseline (Table 2). 

Table  3 presents diabetes incidence and HRs for diabetes  by baseline sleep duration, obtained through the 
Cox models. The analyses initially were based on the three-category sleep variable (short, 7 h, and long); 
however, as seen on the right side of Table 3, because no differences were found between  the 7-h and the ≥ 8 
h sleep groups, we created a two-category sleep variable (≤ 6 h vs. ≥ 7 h) for the analysis (left side of Table 
3).  Among those with 6 h or fewer of  sleep per night,  91 participants reported diabetes and the crude 
diabetes rate was 4.6 per 100 person-years (95% CI 3.7–5.7). Among those with 7 h or more of  sleep per 
night, the crude diabetes rate  was 3.2 per 100 person-years (95% CI 2.6–3.9) (93 incident diabetes cases). 
After adjusting for age and sex, compared to 

 
 



  



  

 

 
 

 
 

those with 7 h or more of sleep per night, the short sleepers were significantly more likely to have a diabetes 
diagnosis (HR [95% CI 1.11–2.17]). The association remained statistically significant after adjustment for 
socioeconomic characteristics, health behaviors, and health status. In model 5, which included BMI at 
baseline, the relationship was attenuated and was no longer statistically significant (HR 1.39 [95% CI 0.99–
1.96]).  In model 6, which added percent weight loss at the post-curriculum assessment, the relationship was 
further attenuated (HR 1.32 [95% CI 0.92–1.89]). 

Table 4 presents post-curriculum changes in other clinical and behavioral outcomes of the lifestyle 
intervention by baseline sleep duration. Participants with 7 h or more of sleep lost significantly more weight 
(−4.3% vs. −3.7%, P = 0.003) and experienced greater reduction in BMI (−1.53 vs. −1.34, P = 0.03) than short 
sleepers. Those with adequate sleep had marginally significant greater reductions in systolic blood pressure 
compared to short sleepers (−2.66 vs. −1.39 mm Hg, P = 0.08). Long sleep, in general, was not significantly 
associated with changes in clinical or behavioral outcomes; no significant differences in changes of diet or 
physical activity levels were observed among the groups. 

Examining complete cases only, the sensitivity analysis revealed that the association between short sleep 



  

duration and diabetes was even stronger after adding sociodemographic characteristics into the model (HR 
1.86 [95% CI 1.21–2.83]; Table S1 in the supplemental material). The results of anal yses using 6 to 8 h of 
sleep as the reference group were very similar to those in our main analysis: the HRs for short sleep were 
slightly reduced with somewhat wider CIs, likely due to reduced sample size of  the short sleeper group and 
the fact  that diabetes risk for those with 6 h of sleep was also elevated (Table S2 in the supplemental 
material). Finally, when repeating the analyses using data from all SDPI-DP participants (n = 3,312), the HR 
estimates were slightly reduced but all the major conclusions remained the same (data not shown). 

 

 
 
 

DISCUSSION 
Among the AI/AN participants in this lifestyle intervention program, short sleep duration was associated with 
a significantly increased risk of diabetes incidence. This result is consistent with most findings specific to 

other race/ethnicity groups in previous studies.6,8,9,12–14 However, no significant association was observed 
between long sleep duration and incident diabetes. Participation in the lifestyle intervention may partially 
explain this lack of association. In the context of lifestyle intervention, our findings are consistent with those 

from the intervention arm of  a Finnish lifestyle intervention trial.27  In that study, the increased hazard found 
among long sleepers in the control group was not present in the intervention group (adjusted HR = 2.74 and 
0.73 for the control and lifestyle intervention group, respectively), while a nonsignificant increased risk for 
diabetes was observed among short sleepers in both groups (adjusted HR = 1.68 and 1.44 for the control and 
lifestyle intervention group, respectively). The authors speculated that the lack of significance in the 
association between short sleep and incident diabetes might have been due to limited statistical power, with a 
total sample size of 522. Conversely, lifestyle intervention might mitigate the potential effect of long sleep 
duration on diabetes risk, indicated by a much smaller hazard ratio of long sleep duration with respect to 
incident diabetes in the intervention group. It is also worth noting that the mean sleep duration decreased 
among SDPI-DP long sleepers and increased in the short sleepers following the intervention. These 

observations are also similar to those in the intervention group of the Finnish Diabetes Prevention Study,27 

which were in contrast to the directions of changes in sleep duration among their controls. 
Several important conclusions can be drawn from the baseline association between sleep duration and 

participant characteristics of this study. First, more than 40% of  SDPI DP participants reported ≤ 6 h of sleep 
per night, providing evidence that insufficient sleep may be a prevalent issue  within the AI/AN population 
with prediabetes. Our site staff suggests that difficulty with work-life balance and struggles to handle 
multiple jobs might be reasons for the high prevalence of shortened sleep duration. Second, as well 



  

documented elsewhere,28,29 short sleepers were found to have lower rates of never smoking and higher 

BMI. A significant lower level of daytime physical activity has been previously linked to sleep restriction,30 

which was also observed based on RAPA1 levels in the present analyses. Moreover, extensive epidemiologic 
evidence supports the view that diet and sleep are intertwined. Consistent with our baseline data, previous 
cross-sectional studies have shown that individuals who slept less were less likely to eat fruits and vegetables, 
snacked more often, ate a higher proportion of carbohydrate-rich or fatty foods, and had more irregular meal 

patterns.31 

Short sleep duration is believed to influence diabetes through hormonal and glycemic factors.9 For 
example, reduced sleep duration has been associated with decreased leptin and elevated ghrelin levels, 

thereby altering appetite  regulation and increasing hunger.32 In addition, circadian misalignment and sleep 
apnea, which unfortunately were not measured in SDPI-DP, have been related to low insulin sensitivity or 

insulin resistance and increased diabetes risk.33,34 Had we been able to adjust for it in our models, we 
expect that sleep apnea would have further attenuated the short sleep-diabetes  relationship we report. 
Recently, the Look AHEAD study reported significant weight loss and, correspondingly, substantial 
improvements in the apnea-hypopnea index maintained through 4 y among diabetes patients participating in 

a lifestyle intervention.35 The importance of weight loss in diabetes prevention  has already been 

established.36 Attenuation of the sleep/diabetes relationship when percent weight loss was included in our 
analyses further accentuates the critical role of weight loss in diabetes prevention. 

Associations between long  sleep  duration  and  diabetes  are still not well understood. However, unlike 
the biologic mechanisms that appear to underlie the association between short sleep and diabetes, the long 
sleep association may be at least partially explained by depression, psychiatric disorder,   or other 

psychosocial factors.37 In our lifestyle intervention, stress management may play a role in reducing the 
effect of long sleep on diabetes. As the association between long sleep duration and diabetes risk is still 
speculative and potentially confounded by other psychosocial factors, the lack of a relationship between long 
sleep duration and incident diabetes in our study suggests that the mechanisms driving the previously 
observed associations warrant additional inquiry. 

This study is unique for several reasons. It is the first study that revealed high prevalence of short sleep 
duration in a large sample of  AI/ANs at high risk for type 2 diabetes. Further,     to our knowledge, the role of 
sleep duration in diabetes risk among AI/ANs has not been previously explored. In addition, many previous 
studies of sleep duration and diabetes were conducted using observational longitudinal cohorts or cross-
sectional studies. The context of this study allowed us to examine the effects of sleep duration on lifestyle 
intervention outcomes. That short sleepers lost significantly less weight in SDPI-DP highlights the potential 
importance of adequate sleep for atrisk individuals to benefit fully from a lifestyle intervention    to prevent 
diabetes. Adding a session focusing on the need for good sleep habits in the Lifestyle Balance Curriculum is 
likely to enhance the curriculum and benefit this population greatly. 

It should be noted, however, that although short sleep duration appears to be a causal factor for increased 

diabetes risk,9 it could also be a marker for other underlying health conditions and/or life stressors. Chronic 

conditions, including chronic pain, have been shown to affect sleep duration and/or quality.38 Meanwhile, 

various stressors including shift work,39 multiple jobs, and disadvantaged neighborhood environment40 may 
also contribute to sleep problems. Therefore, while encouraging better sleep habits is a logical addition to 
lifestyle intervention, it might be equally important to identify the causes of shortened sleep and address them 
individually while implementing the intervention. 

Limitations of this study need to be acknowledged. First, only a small number of incident diabetes cases 
were identi fied in this sample during the relatively short follow-up period (maximum 3 y). Second, the data 
specific to sleep duration were obtained via self-report and are subject to measurement error; additionally, no 
data were available regarding sleep quality, which has also been independently associated with increased 



  

diabetes risk.9 Third,  the  lack  of  a  control  group in SDPI-DP, which, while typical for translational 
projects of this nature, precluded comparison to a group of AI/ANs not undergoing intervention. Last, though 
missing data were addressed using multiple imputations, this strategy required us   to assume that the data in 
question were missing at random.    In the current study, we found attrition to be more common among short 
sleepers (Table 2), implying that the missing at random assumption may not be completely valid. However,  
shorter follow-up duration among short sleepers also means that we might have observed more incident 
diabetes cases in this group had we followed them longer, which suggests our estimate for the association 
between short sleep and diabetes may be conservative. 

In summary, short sleep duration—but not long sleep duration—was associated with increased risk of 
diabetes among  the SDPI-DP participants. These findings add to the growing body of evidence that points 
to the role of sleep duration in diabetes risk and suggest that future preventive interventions may need to 
include a component to emphasize consistent, adequate sleep. Further work along these lines may clarify the 
role of sleep duration in diabetes risk, elucidate the underlying mechanisms of this association, and advance 
our understanding of possible racial/ethnic variation in this regard. 
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