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      While there is evidence in previous epidemiological studies that sleep duration is an 

important contributor to morbidity and mortality, variability by race/ethnicity in the association 

between sleep duration and adverse health outcomes has not been extensively studied in the 

literature.  In particular, prior studies have essentially ignored sleep duration and its association 

with cardiometabolic diseases within the American Indian and Alaska Native (AI/AN) 

population, a group that exhibits an alarmingly high rate of diabetes and relevant cardiometabolic 

conditions.  In this dissertation, I investigated the relationship between sleep duration and 

cardiometabolic outcomes using two cohorts of AI/ANs: 1) a unique longitudinal lifestyle 

intervention project; 2) a large cross-sectional survey.  The main findings of this dissertation 

include: 1) suboptimal sleep duration is prevalent in the AI/AN population, as with other 

minority populations; 2) among AI/ANs with prediabetes undergoing lifestyle intervention, those 

with adequate sleep benefit more from the intervention than those with short sleep duration; 3) 

the association between suboptimal sleep and diabetes is stronger in AI/ANs than other 

race/ethnic groups; and 4) adherence to a set of healthy lifestyle factors confers significant 
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reduction in risk of diabetes and CVD in AI/ANs.  This work represents an important step 

forward in systematically characterizing sleep duration and its cardiometabolic consequences in 

the AI/AN population and may have a significant impact for future public health interventions in 

this severely underserved population. 

 

 

 

 

 

 

 

 

 



	
	
1 

Chapter 1. Introduction 

Epidemiologic evidence increasingly points to sleep duration as an important predictor of 

morbidity and mortality.  For instance, duration and quality of sleep are related to a spectrum of 

chronic conditions including cardiovascular disease (CVD),1 hypertension,2 obesity,3 and type 2 

diabetes (hereafter, diabetes).4  Two recent meta-analyses indicate that, compared to those 

sleeping the usual 7-8 hours per night, both short and long sleepers are at increased risk of 

diabetes.5,6  In one meta-analysis, Shan and colleagues report that the pooled relative risk was 

1.09 (95% CI = 1.04-1.15) for diabetes for each 1-hour reduction in sleep duration (7 hours of 

sleep as the reference category).  Noteworthy increases in diabetes risk were also indicated with 

long sleep duration, such as a 40% increased risk in those sleeping 9 or more hours versus 7 

hours.6  In a meta-analysis, short sleep duration was positively associated with risk of dying from 

coronary heart disease and stroke, but not total CVD.1  Also, in a meta-analysis that examined 

mortality, short sleep duration (generally < 7 h) was associated with a 12% higher risk of death 

and long sleep duration (commonly > 8 or 9 h) was associated with a 30% higher risk of death.7 

While the relationship between diabetes and sleep duration has been examined in some 

detail, in general it has been argued that previous literature has underappreciated the importance 

of CVD as a potential consequence of poor sleep,8 and there are some inconsistencies.  For 

example, with respect to myocardial infarction, results of a U-shaped association from the 

National Health Interview Survey contrast with 2007-2008 NHANES results which find a 

significant adjusted increase prevalence of myocardial infarction only in short sleepers.9 

Though advances have been made in characterizing the epidemiology of sleep duration in 

disease risk, race/ethnic variation in these associations has not been studied extensively.  The 

Centers for Disease Control, in a current report using data from the Behavioral Risk Factor 



	
	
2 

Surveillance System (BRFSS), highlights significant regional, sociodemographic, and 

race/ethnic variations in usual sleep duration, calling for strategies to improve sleep health in the 

United States.10  Recently, attention to differential racial vulnerability, especially in blacks 

compared to whites, for suboptimal sleep duration has been noted.9,11  Jackson and colleagues 

used data from the National Health Interview Survey (2004-2011) to report that the U-shaped 

relationship between sleep duration and risk of diabetes may be more pronounced among blacks 

than whites,11 and this was confirmed in another analysis of 2005 National Health Interview 

Survey data.12  Another small study reported positive associations between short and long 

duration and diabetes in Filipina women, but not their white or black counterparts.13  In a study 

of the role of sleep duration and CVD risk, blacks exhibited a higher risk of CVD among those 

sleeping 5 or fewer hours than whites (OR 2.61 vs. 2.07).14  Potential race/ethnic variations in the 

association between sleep and poor cardiometabolic outcomes warrants continued attention. 

The challenge of type 2 diabetes in the AI/AN population is alarming.  A 54% rise in age-

adjusted diabetes prevalence15 has been documented from 1994 to 2002, and the most recent rate 

in this population reported from the CDC is 15.1%—more than twice that of non-Hispanic 

whites.16  An escalation of type 2 diabetes among AI/AN youth has been also noted, placing 

them at risk for complications of diabetes and death earlier in life.17  In AI/ANs, death rates have 

been rising with more than half the increase in mortality attributable to diabetes;18 the rate of 

diabetes-related kidney failure in AI/ANs is 3.5 times19 and diabetes-related lower extremity 

amputations are 2-3 times the rates among the U.S. total population.20  Moreover, undiagnosed 

diabetes and census underreporting of AI/AN peoples are also important challenges for true 

estimates of diabetes prevalence.21  Therefore, the epidemic of chronic disease among AI/ANs 
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may be more serious than the current sparse literature suggests, making the investigation here 

especially timely. 

Historically, CVD had not been a major public health issue in the AI/AN population.  

However, new data suggests that CVD is a major concern in this population currently, likely due 

to the increasing burden of diabetes.  For example, based on recent data, CVD is now more 

common in AI/ANs than in the general population of the U.S.22  In addition, from 1990-2009, 

mortality rates due to heart disease and stroke were higher among AI/ANs than in non-Hispanic 

whites.23,24  In these more recent studies from 2014, significant misclassification or 

underreporting of AI/AN persons (up to 30%) in past studies23 is suggested as an explanation for 

inaccurate previous reports of mortality due to CVD and diabetes in this population. 

In light of these concerns, recently a research group suggested that quality and duration 

of sleep may serve to “fundamentally contribute” to disparities in cardiovascular health 

experienced by minority populations.8  Since the role of sleep duration in diabetes and 

consequently CVD is underexplored among AI/ANs, additional studies to examine these 

associations in this population are warranted.  Starting in 2006, 2,533 pre-diabetic AI/ANs were 

recruited to the Special Diabetes Program for Indians-Diabetes Prevention (SDPI-DP) 

demonstration project25 and began the SDPI-DP intervention.  SDPI-DP aimed to translate the 

Diabetes Prevention Program lifestyle intervention into a large, diverse community of AI/ANs. 

Of the 2,533 SDPI-DP participants, 1,899 completed all classes of the intervention and provided 

data on sleep duration. In this dissertation, I will first examine the relationship between baseline 

sleep duration and diabetes incidence among SDPI-DP participants (aim 1). 

Then I will investigate the relationship between short sleep duration and risk of diabetes 

and CVD among AI/AN participants of the Behavioral Risk Factor Surveillance System 
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(BRFSS) (aim 2).  Secondary to this analysis will be an assessment of the role of six combined 

lifestyle factors (usual sleep, alcohol intake, smoking status, body mass index, diet, and physical 

activity) on diabetes and CVD outcomes in the BRFSS population (aim 3).  These projects will 

use data from the 2013-2014 BRFSS, a large national cross-sectional survey conducted by the 

Centers for Disease Control (CDC).  Beginning in 2009, self-reported sleep duration was 

included in the BRFSS. In 2013 and 2014, the most recent years that included sleep duration in 

the BRFSS, 18,745 AI/ANs who were surveyed provided data on usual sleep duration (~98.1% 

response rate).  This dissertation will be guided by these specific aims: 

Aim 1 (SDPI-DP): To examine the relationship between short and long sleep duration and 

diabetes risk among the AI/AN participants of the SDPI-DP lifestyle intervention. 

Hypothesis 1: Short sleep duration will be associated with increased risk of diabetes in the SDPI-

DP cohort. 

Aim 2 (BRFSS): To examine the association between short sleep duration, cardiovascular 

disease, and diabetes in AI/ANs and other race/ethnic groups in the BRFSS population, adjusting 

for various potential confounders in the analysis of these relationships. 

Hypothesis 2: Short sleep duration will be significantly associated with increased risks of 

diabetes and CVD in the BRFSS AI/ANs. 

Aim 3 (BRFSS): To determine the relationship of six combined lifestyle factors (usual sleep, 

alcohol intake, smoking status, body mass index, diet, and physical activity) with CVD and 

diabetes in the BRFSS population, especially to examine the extent to which these factors affect 

outcomes among AI/ANs. 
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Hypothesis 3: A dose-response relationship will be observed for the associations described in 

aim 3.  Specifically, each additional factor added to the regression model will result in higher 

risk of CVD and diabetes. 
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Chapter 2. Sleep duration and diabetes risk in AI/AN participants of a lifestyle 

intervention project 

This section was published in the November 2016 issue of the journal SLEEP.  Authority to 

include the material in this dissertation was granted by Oxford University Press. 

2.1 Background 

Adequate daily sleep is vital to human health.  Yet with the evolvement of multiple 

social, cultural, behavioral and environmental factors, sleep deficient in both quality and quantity 

is common in modern society.7  Over 30% of American adults report sleeping less than six hours 

per night.26  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.26  In a review and meta-analysis, when compared to those sleeping the 

usual 7-8 hours per night, short sleep duration (generally <7 hours) has been associated with a 

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

risk of death.5  Epidemiologic studies show that duration and quality of sleep are related to a 

spectrum of chronic health conditions including cardiovascular disease,27 hypertension,2 and 

obesity.3   

Sleep duration is related to type 2 diabetes,4 a striking public health challenge which 

poses enormous economic burden.28  Recent meta-analyses reveal that both short and long 

duration of sleep is significantly associated with increased risk of type 2 diabetes; the lowest risk 

occurs at 7-8 hours of sleep daily.5,6  Substantial racial/ethnic disparities are evident with respect 

to both sleep duration29 and type 2 diabetes.30  Thus this relationship has been studied in poor, 

racially and ethnically underserved populations.  Analyses of 2004-2011 data drawn from the 

U.S. National Health Interview Survey describe a U-shaped association between sleep duration 
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and diabetes prevalence among both black and white adults.11  Another analysis focusing on just 

the 2005 data from this same source shows that the U-shaped association is even more 

pronounced among blacks.31  A much smaller study of a U.S. multiethnic cohort reports an 

increased risk of diabetes with short sleep duration among Hispanics.12  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.13  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.30  Based on 

a recent cross-sectional analysis, AI/ANs also exhibit a higher prevalence of frequent insufficient 

sleep than their non-Hispanic white counterparts.32  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 chapter, 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.25  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. 

 

2.2 Materials and methods 

Study population 
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The data are derived from a lifestyle intervention project 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.25  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 IHS administrative areas participated in the SDPI-DP.  These programs included 7 

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 Program33 and evaluated its 

effectiveness over a three-year 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 low-fat, low-calorie diet and to increase moderate physical activity to at least 150 

minutes 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 16-24 weeks after baseline and typically was taught by a local program 

dietitian and/or health educator.  

To be eligible, participants had to be AI/AN (eligible to receive IHS services), at least 18 

years 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 two hours after a 75-g oral glucose load and an FBG level <126 

mg/dL).  Enrollment started in January 2006; by 07/31/2009, 3,312 participants who met the 
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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 follow-up 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 (IRB) of the 

University of Colorado Anschutz Medical Center and the National Indian Health Service IRB.  

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 a month of completing the last DPP class (usually 4-6 months after 

baseline, hereafter called the post-curriculum assessment), and annually after baseline for up to 

three years, 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 two-

hour 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 
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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 hours or less, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 

hours, 10 hours, 11 hours, or 12 hours or more.  The sleep duration of each participant was 

categorized as 6 or fewer hours (labeled “short sleepers”), 7 hours, and 8 or more hours (“long 

sleepers”).  We chose a reference group of 7 hours to be consistent with relevant literature5,6 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.34  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.35  Alcohol use was measured with the Alcohol Use Disorders Identification Test 

(AUDIT).36  Weekly physical activity was recorded via the Rapid Assessment of Physical 

Activity (RAPA1).37  The RAPA1 is a 7-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 
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of culturally-adapted questions for self-reported frequency of eating a variety of foods,38 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 6 kinds of relatively healthy 

foods (e.g., whole grain bread, vegetables), while 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 participant’s weight, height 

(shoeless, in light clothing), as well as blood pressure.  Laboratory assays of FBG, OGTT 2-h 

glucose, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol 

(LDL-C), and triglycerides were conducted after 9-12 hours of fasting in local or regional 

laboratories following standardized protocols.  A self-administered comorbidity questionnaire39 

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)40 indexed the general 

health of each participant. Based on the distribution of the data, some categories were combined 

and treated as a 3-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 ANOVA 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 
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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; BMI to model 5; and percent weight loss at 

post-curriculum 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 was 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 duration and were excluded from the main 

analysis.  Yet, in final multivariate regression models without imputation, about one-third 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, self-administered 

comorbidity index, general health status, BMI).  The multiple imputations were performed using 

IVEware software developed by the University of Michigan Survey Methodology Center.41  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 6-8 hours of sleep as the reference group, to allow for 
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comparison with previous studies that defined the reference group in this way.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). 
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Table 2.1. Baseline sociodemographic, health behavioral, and clinical characteristics by baseline self-reported 
sleep duration in the SDPI-DP* 
 ≤ 6 hours 

sleep/night 
7 hours 

sleep/night 
≥ 8 hours 

sleep/night 
P-value 

Sample size, n (row %) 784 (41.3) 584 (30.7) 531 (28.0)  
Sociodemographic characteristics     
Age (years) 48.1 46.7 47.1 0.10 
Male (%) 27.6 23.3 23.7 0.13 
Educational attainment, n (%)    0.29 
   Less than high school 112 (14.9) 63 (11.3) 58 (11.4)  
   High school graduate 162 (21.6) 109 (19.5) 110 (21.5)  
   Some college 330 (44.1) 269 (48.1) 243 (47.6)  
   College graduate 145 (19.4) 118 (21.1) 100 (19.6)  
Marital status, n (%)    0.53 
   Married/living together 398 (59.2) 302 (60.0) 281 (61.8)  
   Separated/divorced/widowed 176 (26.2) 115 (22.9) 107 (23.5)  
   Never married 98 (14.6) 86 (17.1) 67 (14.7)  
Annual household income, n (%)    0.61 
   $0-14,999 119 (18.1) 82 (16.9) 71 (16.9)  
   $15,000-29,999 144 (21.9) 91 (18.8) 101 (24.0)  
   $30,000-49,999 192 (29.1) 154 (31.8) 121 (28.7)  
   $50,000+ 204 (31.0) 158 (32.6) 128 (30.4)  
Employment status, n (%)    0.03 
   Employed 546 (72.2) 431 (78.2) 353 (70.3)  
   Unemployed/student 149 (19.7) 84 (15.2) 99 (19.7)  
   Retired 61 (8.1) 36 (6.5) 50 (10.0)  
Health behaviors     
Smoking status, n (%)    0.02 
   Never 322 (42.3) 283 (49.6) 250 (48.9)  
   Current 183 (24.0) 110 (19.3) 120 (23.5)  
   Former 257 (33.7) 177 (31.1) 141 (27.6)  
Alcohol use (AUDIT) 2.63 2.51 2.95 0.31 
Physical activity (RAPA1), n (%)    0.14 
   Sedentary 24 (3.1) 11 (1.9) 16 (3.1)  
   Underactive 64 (8.3) 46 (8.0) 50 (9.6)  
   Underactive: regular light activities 247 (32.0) 155 (27.0) 134 (25.8)  
   Underactive: regular underactive 216 (27.9) 163 (28.4) 156 (30.0)  
   Active 222 (28.7) 199 (34.7) 164 (31.5)  
   RAPA1 (continuous)^ 3.71 3.86 3.77 0.04 
Healthy diet score 3.41 3.47 3.41 0.37 
Unhealthy diet score 2.91 2.84 2.78 0.01 
Clinical characteristics     
Body mass index (BMI) (kg/m2) 36.5 35.7 35.0 0.001 
Systolic BP (mm Hg) 127.1 126.8 125.7 0.25 
Diastolic BP (mm Hg) 78.9 78.4 78.6 0.60 
HDL-C (mg/dL) 45.2 45.3 44.7 0.60 
LDL-C (mg/dL) 109.7 112.0 110.7 0.42 
# of comorbid conditions 3.00 2.34 2.44 <0.0001 
Self-reported general health, n (%)    <0.0001 
   Poor or fair 250 (32.2) 130 (22.5) 143 (27.1)  
   Good 398 (51.3) 309 (53.5) 253 (48.0)  
   Very good or excellent 128 (16.5) 139 (24.0) 131 (24.9)  
*among participants who completed all 16 classes and at least one follow-up assessment 
^ RAPA1 (Rapid Assessment of Physical Activity): 1 = sedentary, 2 = underactive, 3 = regular underactive (light 
activities), 4 = regular underactive, 5 = regular active 
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2.3 Results 

Table 2.1 presents the baseline sociodemographic, health behavioral, and clinical 

characteristics of SDPI-DP participants who completed all 16 classes and who had at least one 

follow-up assessment, stratified by reported baseline sleep duration.  Short sleepers reported 

lower rates of having never smoked than those who reported 7 or more hours 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 years (range: 6 months to 3 years); 

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 minutes among short sleepers and decreased about 30 minutes 

among long sleepers. However, the average change in sleep duration was less than 10 minutes 

among those who reported 7 hours of sleep per night at baseline (Table 2.2). 

Table 2.2. Follow-up completion rates and change in sleep duration in the SDPI-DP* 

 Baseline sleep duration  

 ≤ 6 hours 
sleep/night 

7 hours 
sleep/night 

≥ 8 hours 
sleep/night 

P-value 

Follow-up completion rates, n (%)      
6-month completion rate 758 (95.8) 570 (97.6) 514 (96.8) 0.18 
Year 1 completion rate 574 (73.2) 454 (77.7) 437 (82.3) <0.0001 
18-month completion rate 495 (63.1) 379 (64.9) 357 (67.2) 0.31 
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Year 2 completion rate 424 (54.1) 342 (58.6) 328 (61.8) 0.02 
30-month completion rate 381 (48.6) 298 (51.0) 278 (52.4) 0.38 
Year 3 completion rate 337 (43.0) 267 (45.7) 255 (48.0) 0.19 
Average follow-up (years) 2.10 2.20 2.24 0.02 

Change in sleep duration from baseline, hours (mean/SD)    

Change at 6 months 0.70 (1.18) 0.13 (0.84) -0.54 (0.93) <0.0001 
Change at year 1 0.48 (1.22) -0.05 (0.87) -0.56 (1.14) <0.0001 
Change at year 2 0.43 (1.16) 0.01 (0.93) -0.57 (1.32) <0.0001 
Change at year 3 0.29 (1.15) 0.14 (1.01) -0.76 (0.96) <0.0001 
*among those who finished all 16 classes and had at least one follow-up assessment 
 

Table 2.3 presents diabetes incidence and hazard ratios (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 hours, and long); however, as seen on the right side of Table 3, 

because no differences were found between the 7-hour and the ≥ 8 hour sleep groups, we created 

a two-category sleep variable (≤ 6 hours vs. ≥ 7 hours) for the analysis (left side of Table 3).  

Among those with 6 or fewer hours 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 or more 

hours 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 or more 

hours of sleep per night, the short sleepers were significantly more likely to have a diabetes 

diagnosis (HR 1.55 [95% CI 1.11-2.17]).  The estimate 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 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 2.3. Diabetes cases and HRs with 95% CI, by baseline self-reported sleep duration, in the SDPI-DPa 

aamong participants who completed all 16 classes and at least one follow-up assessment, based on multiply imputed data 
bemployment status, annual household income, educational attainment, marital status 
cRAPA1 (Rapid Assessment of Physical Activity), unhealthy diet, AUDIT, smoking 
d# of comorbid conditions, general health 
eSample size reduced because % weight loss was not imputed 

 

n  
≤ 6 hours 

sleep/night 
≥ 7 hours 

sleep/night n  
≤ 6 hours 

sleep/night 
7 hours 

sleep/night 
≥ 8 hours 

sleep/night 

Person-years of follow-up  1,972 2,885  1,972 1,511 1,374 

Number of diabetes cases  91 93  91 48 45 

Incidence per 100 person-years   4.6 (3.7-5.7) 3.2 (2.6-3.9)  4.6 (3.7-5.7) 3.2 (2.3-4.2) 3.3 (2.4-4.4) 
 

 HR (95% CI) HR (95% CI)  HR (95% CI) HR (95% CI) HR (95% CI) 
Model 0: sleep 1,899 1.57 (1.12-2.19) 1.00 (ref) 1,899 1.58 (1.05-2.37) 1.00 (ref) 1.01 (0.63-1.63) 
Model 1: sleep + age + sex 1,899 1.55 (1.11-2.17) 1.00 (ref) 1,899 1.56 (1.04-2.35) 1.00 (ref) 1.01 (0.63-1.63) 
Model 2: model 1 + socioeconomic 
characteristicsb 1,899 1.54 (1.10-2.15) 1.00 (ref) 1,899 1.55 (1.03-2.33) 1.00 (ref) 1.02 (0.63-1.64) 

Model 3: model 2 + health behaviorsc 1,899 1.54 (1.10-2.16) 1.00 (ref) 1,899 1.54 (1.02-2.32) 1.00 (ref) 1.00 (0.62-1.61) 
Model 4: model 3 + health statusd 1,899 1.44 (1.02-2.02) 1.00 (ref) 1,899 1.42 (0.94-2.15) 1.00 (ref) 0.97 (0.60-1.56) 
Model 5: model 4 + BMI (kg/m2) 1,899 1.39 (0.99-1.96) 1.00 (ref) 1,899 1.40 (0.93-2.12) 1.00 (ref) 1.01 (0.63-1.63) 

Model 6: model 5 + % weight loss post-
curriculum 1,827e 1.32 (0.92-1.89) 1.00 (ref) 1,827 1.33 (0.85-2.08) 1.00 (ref) 1.02 (0.61-1.71) 

17 



	
	

18 

Table 2.4 presents post-curriculum changes in other clinical and behavioral outcomes of 

the lifestyle intervention by baseline sleep duration.  Compared to those with 7 or more hours of 

sleep, short sleepers lost significantly less weight (-4.3% vs. -3.7%, P = 0.003) and experienced 

less reduction in BMI (-1.53 vs. -1.34, P = 0.03).  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. 



	  

Table 2.4. Changes in intervention outcome variablesa, by baseline self-reported sleep duration, in the SDPI-DPb 
 

 ≤ 6 hours 

sleep/night 

≥ 7 hours 

sleep/night 

P-value ≤ 6 hours 

sleep/night 

7 hours 

sleep/night 

≥ 8 hours 

sleep/night 

P-value 

Sample size, n (%) 784 (41.3) 1,115 (58.7)  784 (41.3) 584 (30.7) 531 (28.0)  

% Weight loss -3.7% -4.3% 0.003 -3.7% -4.4% -4.2% 0.01 

Δ BMI (kg/m2) -1.34 -1.53 0.03 -1.34 -1.57 -1.49 0.07 

Δ Systolic BP (mm Hg) -1.39 -2.66 0.08 -1.39 -3.06 -2.22 0.14 

Δ Diastolic BP (mm Hg) -1.18 -1.71 0.29 -1.18 -1.80 -1.60 0.54 

Δ LDL-C (mg/dL) -2.51 -3.78 0.27 -2.51 -3.02 -4.63 0.30 

Δ HDL-C (mg/dL) 0.48 0.36 0.74 0.48 0.56 0.14 0.64 

Δ Triglycerides (mg/dL) -12.76 -13.88 0.77 -12.76 -17.50 -9.91 0.30 

Δ RAPA1c 0.64 0.54 0.11 0.64 0.52 0.57 0.22 

Δ Healthy diet 0.38 0.36 0.50 0.38 0.33 0.39 0.39 

Δ Unhealthy diet -0.49 -0.51 0.42 -0.49 -0.50 -0.53 0.54 
achanges are from baseline to 6-month assessment (post-curriculum – baseline) 
bamong participants who completed all 16 classes and at least one follow-up assessment 
cRAPA1 (Rapid Assessment of Physical Activity): 1 = sedentary, 2 = underactive, 3 = regular underactive 
(light activities), 4 = regular underactive, 5 = regular active 
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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]; supplemental table A1).  The results 

of analyses using 6-8 hours 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 confidence 

intervals, likely due to reduced sample size of the short sleeping group and the fact that diabetes 

risk for those with 6 hours of sleep was also elevated (supplemental table A2). 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). 

 

2.4 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.4–6,11,12,31  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.42  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 non-significant 

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 
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diabetes might have been due to limited statistical power, with a total sample size of 522.  

Conversely, lifestyle intervention might mitigate the potential impact 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,42 which were opposite 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, over 40% of SDPI-DP participants 

reported ≤ 6 hours 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,43,44 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,45 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.46 

Short sleep duration is believed to influence diabetes through hormonal and glycemic 

factors.5  For example, reduced sleep duration has been associated with decreased leptin and 
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elevated ghrelin levels, thereby altering appetite regulation and increasing hunger.47  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.48,49  

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 four years among diabetes patients participating in a 

lifestyle intervention.50  The importance of weight loss in diabetes prevention has already been 

established.51  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.52  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/AN population 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 
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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 at-risk 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 while short sleep duration appears to be a causal factor 

for increased diabetes risk,5 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.53  Meanwhile, various stressors including shift work,54 multiple jobs, and 

disadvantaged neighborhood environment55 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 identified in this sample during the relatively short follow-up period 

(maximum three years).  Second, the data specific to sleep duration were obtained via self-report 

and are subject to measurement error; additionally, no data was available regarding sleep quality, 

which has also been independently associated with increased diabetes risk.5  Third, the lack of a 

control group in SDPI-DP, which, while typical for translational projects of this nature, limited 

comparison to a group of AI/ANs not undergoing intervention.  Last, though missing data was 

addressed using multiple imputations, this strategy required us to assume that the data in 
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question were missing at random (MAR).  In the present study, we found attrition to be more 

common among short sleepers (Table 3.2), implying that the MAR assumption may not be 

completely valid.  However, shorter follow-up duration among short sleepers also means that we 

might have observed greater incident diabetes 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, to 

elucidate the underlying mechanisms of this association, and advance our understanding of 

possible racial/ethnic variation in this regard. 
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Chapter 3. Associations of sleep duration with cardiometabolic outcomes in AI/ANs and 

other race/ethnicities: results from the BRFSS 

This section has been selected for an oral presentation at the American Public Health Association 

annual meeting, San Diego, in 2018.  It is currently under review for publication in Sleep Health. 

3.1 Background 

Sleep duration is known to influence risk of cardiometabolic disease.  Both short and 

long sleep durations are associated with increased risk of diabetes,5,6 and short sleep duration is 

associated with metabolic syndrome.56  Risk of coronary heart disease and stroke is significantly 

heightened among short sleepers,1 though the association between sleep duration and 

cardiovascular disease (CVD) may not remain if one excludes individuals with baseline illness.57  

A more recent systematic review suggests that sleep is an essential factor influencing 

cardiometabolic health and stresses the need for further inquiry into possible differential 

contribution of race/ethnic status.8 

Cardiometabolic diseases are highly prevalent in many underserved populations.  It is 

unclear whether sleep duration plays a role in the cardiometabolic disparities experienced by 

those populations.8  In an analysis of national survey data from 2014, the Centers for Disease 

Control reported lower age-adjusted prevalence of healthy sleep duration among non-Hispanic 

blacks, American Indians and Alaska Natives (AI/ANs), Native Hawaiians/Pacific Islanders, and 

multiracial respondents compared to non-Hispanic whites, Asians, and Hispanics.10  Recent 

findings in regard to the relationship between sleep duration and cardiometabolic conditions 

among different race/ethnic groups, however, have been inconsistent.  Data from the National 

Health Interview Survey, 2004-2011, revealed a U-shaped distribution of diabetes with sleep 

duration among both whites and blacks, but the association of diabetes with short and long sleep 
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duration was stronger in whites than blacks in that cohort.11  Varied, and sometimes conflicting, 

results have been reported with respect to the sleep-diabetes association in other 

race/ethnicities.12,13,31  Differential vulnerability to suboptimal sleep length by race/ethnicity as 

well as variability by race/ethnicity in correlates linked to CVD such as hypertension have also 

been noted.9   

Diabetes and CVD pose a particularly notable public health challenge in the AI/AN 

population.  The diabetes rate among AI/ANs is excessive, at 15.1% among U.S. AI/AN adults 

aged 18 or older.16  This is over twice the rate in non-Hispanic whites and higher than the other 

race/ethnic groups surveyed (blacks: 12.7%; Hispanics: 12.1%).  Of equal concern, recent 

literature indicates that CVD rates are rising among AI/ANs.22  Mortality due to heart disease23 

and stroke24 from 1999-2009 was higher in AI/ANs than their white peers, calling for improved 

prevention efforts.  Yet, previous studies of sleep duration have not carefully considered AI/ANs 

separately from other race/ethnic groups, nor have they examined the relationship between sleep 

duration and cardiometabolic outcomes in this population.  Risk factors contributing to obesity 

such as sedentariness and poor diet have also been found to be related to sleep duration,46,58 and 

these behaviors have also been reported to be common in AI/ANs.59  Thus, understanding the 

potential association of sleep duration and adverse cardiometabolic outcomes in AI/ANs—as 

well as how the association may differ from other race/ethnicities—represent important steps in 

filling critical knowledge gaps.   

In this chapter, we drew on data from the 2013-2014 Behavioral Risk Factor Surveillance 

System (BRFSS) to investigate the association between sleep duration and cardiometabolic 

outcomes in AI/ANs and compared the findings to those for whites, blacks, and Hispanics.  We 

hypothesized a higher prevalence of short sleep duration among AI/ANs than other race/ethnic 
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groups as well as significant associations between cardiometabolic outcomes and short and long 

sleep duration among AI/ANs. 

 

3.2 Materials and methods 

The data for this study derived from the BRFSS, 2013-2014.  The BRFSS, initiated in 

1984, is a random-digit dialed telephone survey conducted in all 50 U.S. states, the District of 

Columbia, and U.S. territories to collect uniform, state-specific data on practices and behaviors 

linked to chronic disease, injuries, and preventable infectious diseases in the adult population.   

 

Study measures 

Beginning with the 2009 survey year, the BRFSS included a question on self-reported 

sleep duration.  Respondents were asked, “on average, how many hours of sleep do you get in a 

24-hour period?” with responses ranging from 1-24 hours.  We defined 7 hours of sleep as the 

reference group, consistent with many other studies of sleep duration.1,5  Short sleepers were 

defined as sleeping 6 or fewer hours in a 24-hour period, while long sleepers were defined as 

sleeping 8 or more hours.   

Sociodemographic characteristics included in the analysis were age, gender, education 

level, employment status, marital status, and income.  Analyses were further adjusted for health 

behavioral characteristics, including alcohol use (drinks per day) and smoking status.  Physical 

activity was queried as: “during the past month, other than your regular job, did you participate 

in any physical activities or exercises such as running, calisthenics, golf, gardening, or walking 

for exercise?”  Body mass index (kg/m2) was computed from height and weight self-reports.  A 
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self-reported health status measure asks participants to weight their general health on a scale of 1 

to 5 (excellent, very good, good, fair, or poor).  

Diabetes and other chronic conditions were ascertained as self-reported responses to 

questions such as, “has a doctor or nurse ever told you that you have diabetes?”  Available CVD 

outcomes of interest are coronary heart disease (CHD), heart attack, and stroke.  Less than 1% of 

AI/AN respondents were missing a response to these questions. 

 

Study population 

The analytic cohort was selected to maximize response rate on sleep duration among 

AI/ANs.  While the sleep duration question was available in an optional module beginning in 

2009, it was not integrated into the core questionnaire until 2013.  Over 98% of AI/ANs provided 

a response for usual sleep duration in 2013 and 2014.  Other race/ethnicities also had relatively 

high response rates for sleep duration (whites: 97.7%; blacks: 95.5%; Hispanics: 81.4%).  

Therefore, this analysis was based on the 2013-2014 BRFSS survey.  In the analysis of all 

race/ethnicities, we excluded subjects who were outside the 50 U.S. states (n = 16,213), did not 

report sleep duration (n = 13,864), or did not report age (n = 9,788).  The final analytical sample 

includes 729,962 non-Hispanic whites, 71,765 blacks, 59,472 Hispanics, and 14,536 AI/ANs 

(7,463 from 2013 and 7,073 from 2014).  The sociodemographic and other characteristics of 

AI/ANs between survey years were similar (data not shown).  The Institutional Review Board 

(IRB) of the University of California, Irvine determined that this project does not constitute 

human subjects research, and therefore the activities in this project are not subject to IRB review 

and approval. 
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Data analysis 

Sociodemographic and health behavioral characteristics were first presented among 

white, black, Hispanic, and AI/AN respondents.  We then stratified these characteristics by usual 

sleep duration categories among each race/ethnic group.  Logistic regression models were 

constructed to determine the association between sleep duration and diabetes, CHD, heart attack, 

or stroke.  First, model 0 examined the unadjusted association between sleep duration and the 

outcome variables with sleep duration being the only independent variable.  We subsequently 

introduced, in step-like fashion, potential confounding covariates to determine how they may 

affect the sleep-disease relationship.  Model 1 adjusted for age and gender.  Model 2 added 

sociodemographic measures (income, education, marital status, and employment).  Model 3 

added alcohol intake (categorized as yes/no), smoking status, and physical activity.  Model 4 

added BMI, a potential mediator for the oft-reported short sleep-diabetes relationship.  Model 5 

included self-reported health status.  The potential modifying effect of race/ethnicity on the 

association between sleep duration and cardiometabolic outcomes was tested by adding an 

interaction term for sleep duration with race/ethnicity in model 5.  To evaluate the robustness of 

the conclusions in the sleep-diabetes analysis, we conducted a sensitivity analysis after excluding 

individuals in younger age strata (0-44 years) for whom chronic diseases are less common.  

Because results were essentially the same, we did not restrict the primary analysis on age. 

All analyses were conducted in STATA/IC 14.2 (College Station, TX) using the ‘svy’ 

command to account for the complex survey design of the BRFSS.60  A p-value less than 0.05 

was considered statistically significant.    

 

3.3 Results 
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Selected sample characteristics, by race/ethnicity, are presented in Table 4.1.  AI/ANs 

reported shorter mean sleep duration (6.86 hours [95% CI = 6.80-6.92]) than whites (7.01 hours 

[95% CI = 7.00-7.01]) and Hispanics (7.03 hours [95% CI = 7.01-7.05], but not blacks (6.84 

hours [95% CI = 6.81-6.86]).  AI/ANs had the highest proportion of current smokers (29.1%) of 

all race/ethnic groups surveyed and also had the largest percentage of those earning less than 

$10,000 per year (12.0%).  With respect to self-reported health status, AI/ANs had a higher 

percentage (24.2%) of participants who reported fair or poor health status than whites and blacks, 

but not Hispanics.
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Table 3.1. Percentages and means of selected sociodemographic, health behavioral, and clinical 
characteristics among U.S. adults, by race/ethnicity, 2013-2014 BRFSS* 

 NHWs** 
(n = 729,962) 

Blacks 
(n = 71,765) 

Hispanics 
(n = 59,472)  

AI/ANs**  
(n = 14,536) 

Age (years) (%)     
  18-24 11.0 (10.9-11.2) 14.7 (14.2-15.3) 19.5 (18.3-20.8) 15.6 (14.2-17.0) 
  25-34 15.0 (14.9-15.2) 18.8 (18.2-19.4) 22.4 (21.3-23.7) 17.3 (16.0-18.7) 
  35-44 14.7 (14.5-14.9) 17.7 (17.2-18.3) 22.7 (21.5-24.0) 16.7 (15.3-18.1) 
  45-54 18.3 (18.1-18.5) 18.9 (18.4-19.4) 14.3 (13.3-15.4) 19.7 (18.4-21.1) 
  55-64 18.0 (17.8-18.1) 15.7 (15.3-16.1) 11.2 (10.3-12.3) 16.3 (15.2-17.6) 
  65+ 22.9 (22.8-23.1) 14.2 (13.8-14.6) 9.8 (8.9-10.7) 14.5 (13.4-15.6) 
Female (%) 51.2 (51.0-51.4) 53.9 (53.2-54.6) 49.9 (48.4-51.4) 50.0 (48.3-51.8) 
Education (%)     
  < High school 9.3 (9.2-9.5) 16.6 (16.0-17.1) 38.5 (37.8-39.3) 21.9 (20.4-23.5) 
  HS diploma 29.0 (28.8-29.2) 32.2 (31.6-32.9) 26.8 (26.2-27.4) 32.3 (30.7-33.9) 
  Some college 32.6 (32.4-32.8) 32.8 (32.1-33.4) 23.7 (23.1-24.3) 32.6 (30.9-34.3) 
  ≥ College graduate  29.0 (28.9-29.2) 18.5 (18.0-18.9) 11.0 (10.7-11.4) 13.3 (12.2-14.5) 
Employment (%)     
  Employed 55.9 (55.7-56.1) 52.5 (51.8-53.2) 58.0 (57.3-58.7) 48.9 (47.1-50.7) 
  Unemployed 5.6 (5.5-5.7) 11.4 (10.9-11.8) 8.7 (8.3-9.2) 11.6 (10.4-12.8) 
  Homemaker/student 11.1 (10.9-11.2) 9.2 (8.7-9.6) 18.3 (17.7-18.9) 11.7 (10.6-12.9) 
  Retired 20.6 (20.4-20.7) 14.0 (13.6-14.5) 6.5 (6.2-6.8) 12.9 (11.9-14.0) 
  Unable to work 6.2 (6.1-6.3) 11.7 (11.3-12.1) 6.4 (6.1-6.8) 14.0 (12.9-15.2) 
Income (%)     
  Less than $10,000 3.6 (3.6-3.7) 10.6 (10.2-11.0) 10.8 (10.3-11.3) 12.0 (10.9-13.1) 
  $10,000-$25,000 16.2 (16.1-16.4) 28.2 (27.6-28.8) 33.7 (33.0-34.4) 30.0 (28.5-31.7) 
  $25,000-$50,000 21.4 (21.2-21.6) 22.5 (22.0-23.1) 21.5 (20.9-22.1) 21.9 (20.5-23.4) 
  $50,000+ 45.0 (44.8-45.2) 24.5 (23.9-25.1) 19.0 (18.5-19.6) 22.0 (20.6-23.6) 
  Refused/missing 13.7 (13.6-13.9) 14.3 (10.2-11.0) 14.9 (14.0-15.9) 14.0 (12.8-15.4) 
Marital status (%)     
  Single (never married) 19.2 (19.0-19.5) 39.1 (38.5-39.8) 27.6 (27.0-28.3) 28.9 (27.3-30.7) 
  Married 56.4 (56.1-56.6) 32.6 (32.0-33.3) 45.0 (44.3-45.7) 39.2 (37.5-40.9) 
  Divorced/separated 12.8 (12.6-12.9) 17.9 (17.5-18.4) 13.8 (13.3-14.3) 19.0 (17.7-20.4) 
  Widowed 7.6 (7.6-7.7) 6.6 (6.4-6.9) 3.5 (3.3-3.8) 7.0 (6.3-7.8) 
Health behaviors     

Sleep duration, mean (hours) 7.01 (7.00-7.01) 6.84 (6.81-6.86) 7.03 (7.01-7.05) 6.86 (6.80-6.92) 
Sleep duration (%)     
  < 7 hours 32.9 (32.7-33.1) 46.2 (45.6-46.9) 34.8 (34.1-35.5) 41.7 (40.0-43.5) 
  7 hours 31.4 (31.2-31.6) 19.7 (19.1-20.2) 26.7 (26.1-27.4) 20.8 (19.5-22.3) 
  > 7 hours 35.8 (35.6-36.0) 34.1 (33.5-34.8) 38.5 (37.8-39.2) 37.5 (35.8-39.2) 
Drinks per day, mean 2.40 (2.38-2.41) 2.39 (2.34-2.44) 3.31 (3.23-3.40) 3.25 (3.03-3.47) 
Smoking status (%)     
  Current 17.9 (17.7-18.1) 18.9 (18.4-19.5) 13.0 (12.5-13.5) 29.1 (27.5-30.7) 
  Former 27.5 (27.3-27.7) 15.6 (15.1-16.1) 16.0 (15.4-16.5) 22.8 (21.4-24.3) 
  Never 51.0 (50.8-51.2) 59.7 (59.1-60.4) 63.6 (62.9-64.2) 43.1 (41.4-44.9) 
Any physical activity (%) 76.3 (76.2-76.5) 69.4 (68.8-70.1) 66.6 (65.9-67.4) 71.8 (70.2-73.3) 
BMI, mean (kg/m2) 27.5 (27.5-27.6) 29.3 (29.3-29.4) 28.3 (28.2-28.4) 28.6 (28.3-28.8) 
Self-reported health status     
  Excellent/very good/good 84.3 (84.2-84.5) 77.4 (76.8-77.9) 73.6 (73.0-74.3) 75.3 (73.9-76.7) 
  Fair/poor 15.4 (15.2-15.5) 22.2 (21.6-22.7) 25.6 (25.0-26.3) 24.2 (22.9-25.6) 

**Abbreviations: NHW = non-Hispanic white; AI/AN = American Indians/Alaska Natives 
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Table 3.2 illustrates sample characteristics by self-reported sleep duration in each 

race/ethnic group.  Among AI/ANs, normal sleepers reported the highest education levels; for 

example, 17.5% had college or higher education vs. 12.2% among short-sleeping AI/ANs and 

12.3% among long-sleeping AI/ANs.  Both alcohol consumption and rates of current smoking 

were higher among AI/ANs than other race/ethnicities in most categories.  The highest level was 

observed among short sleeping AI/ANs, at 3.59 drinks per day and 35.1% current smokers.  

Diabetes, stroke, CHD, and heart attack were most common among short-sleeping AI/ANs 

(17.0% , 6.1%, 5.6%, and 8.1% respectively); while diabetes was least common among whites 

sleeping 7 hours per day (7.4%), stroke, CHD, and heart attack were least common among 

Hispanics with 7 hours of sleep (1.1%, 1.6%, and 2.1% respectively).  Among long sleepers, 

diabetes, stroke, and heart attack, but not CHD, were more prevalent among AI/ANs than whites 

(14.2% vs. 10.6% for diabetes, 4.6% vs. 3.7% for stroke, and 6.4% vs. 5.5% for heart attack).  

Long-sleeping Hispanics reported a higher rate of diabetes (11.2%) than whites, and long-

sleeping blacks reported high rates of diabetes (15.8%) and relatively high rates of stroke (4.8%) 

and heart attack (4.7%).
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Table 3.2. Sociodemographic, health behavioral, and clinical characteristics among 2013-2014 BRFSS 
participants, by self-reported sleep duration* 

 
≤ 6 hours 

sleep/night 
7 hours 

sleep/night ≥ 8 hours sleep/night 
AI/ANs    

Sample size (n, %) 5,605 (38.6) 3,213 (22.1) 5,718 (39.3) 
Age (years) (%)    

18-24 12.3 (10.3-14.7) 14.0 (11.7-16.6) 20.1 (17.7-22.6) 
25-34 17.6 (15.5-19.8) 16.3 (13.8-19.2) 17.5 (15.4-19.8) 
35-44 18.6 (16.5-20.9) 16.4 (13.8-19.3) 14.7 (12.6-17.1) 
45-54 22.9 (20.7-25.1) 19.0 (16.2-22.1) 16.6 (14.6-18.8) 
55-64 17.7 (15.9-19.7) 18.0 (15.3-21.0) 13.9 (12.4-15.6) 
65+ 11.0 (9.7-12.4) 16.3 (13.7-19.3) 17.3 (15.6-19.1) 

Female (%) 49.0 (46.3-51.8) 50.2 (46.6-53.9) 51.0 (48.2-53.9) 
Education (%)    

<High school 23.4 (21.0-25.8) 18.5 (15.5-22.0) 22.1 (19.8-24.6) 
HS diploma 30.4 (28.1-32.9) 30.6 (27.3-34.1) 35.2 (32.6-37.9) 

Some college 34.0 (31.4-36.7) 33.4 (30.0-37.0) 30.5 (27.9-33.2) 
≥College graduate 12.2 (10.7-13.8) 17.5 (15.2-20.1) 12.3 (10.5-14.2) 

Health behaviors    
Sleep duration, mean (h) 5.26 ± 0.98 7.00 8.55 ± 1.34 
Alcoholic drinks per day 3.59 2.79 3.14 
Smoking (%)    
  Current 35.1 (32.6-37.8) 22.4 (19.6-25.6) 26.1 (23.8-28.5) 
  Former 22.4 (20.3-24.7) 23.4 (20.5-26.4) 23.0 (20.7-25.4) 
  Never 37.2 (34.5-39.9) 49.8 (46.1-53.6) 46.1 (43.3-48.9) 
Any physical activity (%) 66.3 (63.8-68.8) 73.9 (70.6-77.0) 67.5 (64.8-70.1) 
Clinical characteristics    
BMI, mean (kg/m2) 29.0 ± 7.4 28.2 ± 6.2 28.3 ± 6.6 
Diabetes (%) 17.0 (15.1-19.0) 10.8 (9.1-12.8) 14.2 (12.4-16.1) 
Coronary heart disease (%) 5.6 (4.7-6.7) 3.3 (2.5-4.4) 5.0 (3.9-6.2) 
Stroke (%) 6.1 (5.1-7.3) 2.9 (2.1-4.1) 4.6 (3.9-5.4) 
Heart attack (%) 8.1 (6.8-9.7) 5.0 (3.9-6.4) 6.4 (5.2-7.8) 
Self-reported health status (%)    
  Excellent/very good/good 66.7 (64.3-69.1) 84.8 (82.4-86.9) 79.5 (77.4-81.4) 
  Fair/poor 32.6 (30.3-35.1) 14.8 (12.7-17.1) 20.1 (18.2-22.2) 

NHWs    
Sample size (n, %) 218,189 (29.9) 230,660 (31.6) 281,113 (38.5) 
Age (years) (%)    

18-24 10.2 (9.9-10.5) 10.2 (9.9-10.5) 12.5 (12.2-12.9) 
25-34 17.2 (16.9-17.6) 14.7 (14.4-15.0) 13.3 (13.1-13.6) 
35-44 16.7 (16.4-17.0) 15.7 (15.4-16.0) 12.0 (11.7-12.2) 
45-54 20.7 (20.4-21.0) 19.6 (19.3-19.9) 14.9 (14.7-15.2) 
55-64 17.9 (17.7-18.2) 19.0 (18.7-19.2) 17.2 (16.9-17.4) 
65+ 17.2 (17.0-17.4) 20.8 (20.6-21.1) 30.1 (29.8-30.4) 

Female (%) 49.8 (49.4-50.2) 50.2 (49.8-50.6) 53.4 (53.0-53.8) 
Education (%)    

<High school 11.8 (11.5-12.1) 6.0 (5.8-6.3) 9.9 (9.7-10.2) 
HS diploma 31.6 (31.2-31.9) 25.2 (24.9-25.6) 30.0 (29.7-30.4) 

Some college 33.7 (33.3-34.0) 32.3 (31.9-32.7) 32.0 (31.6-32.3) 
≥College graduate 23.0 (22.7-23.3) 36.5 (36.1-36.8) 28.1 (27.8-28.4) 

Health behaviors    
Sleep duration, mean (h) 5.53 ± 0.76 7.00 8.37 ± 0.99 
Alcoholic drinks per day 2.65 2.23 2.34 
Smoking (%)    
  Current 25.0 (24.7-25.4) 13.5 (13.2-13.8) 15.3 (15.0-15.6) 
  Former 26.3 (26.0-26.6) 27.2 (26.9-27.6) 28.9 (28.6-29.2) 
  Never 45.1 (44.7-45.5) 56.0 (55.6-56.4) 52.0 (51.7-52.4) 
Any physical activity (%) 69.6 (69.2-69.9) 79.5 (79.2-79.8) 73.4 (73.1-73.7) 
Clinical characteristics    
BMI, mean (kg/m2) 28.2 ± 6.1 27.2 ± 5.6  27.3 ± 6.2 
Diabetes (%) 10.5 (10.3-10.7) 7.4 (7.2-7.5) 10.6 (10.4-10.8) 
Coronary heart disease (%) 5.4 (5.2-5.5) 3.6 (3.5-3.8) 5.5 (5.4-5.6) 
Stroke (%) 3.5 (3.4-3.6) 1.9 (1.8-2.0) 3.7 (3.6-3.8) 
Heart attack (%) 5.6 (5.4-5.8) 3.4 (3.2-3.5) 5.5 (5.3-5.6) 
Self-reported health status (%)    
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     Excellent/very good/good 77.8 (77.4-78.1) 90.8 (90.6-91.1) 84.6 (84.3-84.8) 
  Fair/poor 21.9 (21.6-22.2) 8.9 (8.7-9.2) 15.0 (14.8-15.3) 

Blacks    
Sample size (n, %) 31,834 (44.4) 14,454 (20.1) 25,477 (35.5) 
Age (years) (%)    

18-24 13.0 (12.3-13.8) 17.3 (16.0-18.7) 15.7 (14.7-16.6) 
25-34 20.4 (19.6-21.3) 17.7 (16.6-18.9) 17.2 (16.3-18.1) 
35-44 19.6 (18.8-20.4) 17.3 (16.1-18.5) 15.4 (14.6-16.3) 
45-54 20.7 (19.9-21.5) 17.8 (16.7-19.0) 17.0 (16.2-17.9) 
55-64 15.7 (15.1-16.4) 15.1 (14.2-16.1) 16.0 (15.3-16.8) 
65+ 10.6 (10.1-11.1) 14.8 (13.9-15.8) 18.8 (17.9-19.6) 

Female (%) 53.9 (53.2-54.6) 53.3 (51.8-54.9) 55.1 (54.0-56.3) 
Education (%)    

<High school 16.0 (15.2-16.8) 11.7 (10.6-12.8) 20.2 (19.2-21.2) 
HS diploma 29.9 (29.1-30.9) 29.8 (28.5-31.3) 36.7 (35.6-37.8) 

Some college 35.5 (34.6-36.5) 33.4 (31.9-34.9) 28.7 (27.6-29.8) 
≥College graduate 18.6 (17.9-19.2) 25.1 (24.0-26.3) 14.5 (13.8-15.2) 

Health behaviors    
Sleep duration, mean (h) 5.37 ± 0.69 7.00 8.72 ± 1.30 
Alcoholic drinks per day 2.46 2.18 2.41 
Smoking (%)    
  Current 21.4 (20.6-22.2) 14.2 (13.2-15.3) 18.3 (17.4-19.2) 
  Former 15.0 (14.3-15.7) 16.1 (15.0-17.2) 16.2 (15.3-17.0) 
  Never 58.0 (57.1-59.0) 64.5 (63.0-65.9) 59.3 (58.2-60.5) 
Any physical activity (%) 67.9 (67.0-68.9) 75.5 (74.2-76.8) 75.5 (74.2-76.8) 
Clinical characteristics    
BMI, mean (kg/m2) 29.7 ± 5.4 28.7 ± 4.9 29.2 ± 5.5 
Diabetes (%) 13.8 (13.2-14.5) 12.1 (11.2-13.0) 15.8 (15.0-16.6) 
Coronary heart disease (%) 4.0 (3.7-4.4) 2.8 (2.4-3.4) 4.0 (3.5-4.5) 
Stroke (%) 4.4 (4.1-4.8) 2.6 (2.2-3.0) 4.8 (4.4-5.3) 
Heart attack (%) 4.2 (3.9-4.4) 3.0 (2.5-3.5) 4.7 (4.2-5.3) 
Self-reported health status (%)    
  Excellent/very good/good 73.4 (72.5-74.3) 84.3 (83.1-85.3) 78.8 (77.9-79.7) 
  Fair/poor 26.2 (25.3-27.0) 15.3 (14.2-16.4) 20.7 (19.8-21.6) 

Hispanics    
Sample size (n, %) 21,171 (35.6) 15,976 (26.9) 22,325 (37.5) 
Age (years) (%)    

18-24 16.6 (15.7-17.6) 17.6 (16.5-18.7) 19.2 (18.3-20.3) 
25-34 23.8 (22.7-24.8) 24.7 (23.5-25.9) 25.9 (24.9-27.1) 
35-44 20.8 (19.9-21.8) 23.3 (22.1-24.5) 20.5 (19.6-21.5) 
45-54 18.6 (17.7-19.6) 16.7 (15.7-17.7) 14.7 (13.9-15.5) 
55-64 12.4 (11.7-13.2) 10.9 (10.1-11.9) 10.1 (9.5-10.8) 
65+ 7.8 (7.2-8.3) 6.8 (6.3-7.4) 9.5 (8.9-10.2) 

Female (%) 50.2 (49.0-50.5) 47.0 (45.7-48.4) 48.8 (47.6-50.0) 
Education (%)    

<High school 34.9 (33.7-36.1) 35.7 (34.3-37.1) 43.7 (42.5-45.0) 
HS diploma 26.9 (25.9-28.0) 25.9 (24.7-27.1) 27.3 (26.3-28.4) 

Some college 27.1 (26.1-28.2) 24.2 (23.0-25.4) 20.2 (19.3-21.1) 
≥College graduate 11.1 (10.6-11.7) 14.2 (13.5-15.0) 8.8 (8.3-9.3) 

Health behaviors    
Sleep duration, mean (h) 5.48 ± 0.85 7.00 8.44 ± 1.14 
Alcoholic drinks per day 3.39 3.11 3.40 
Smoking (%)    
  Current 15.9 (15.0-16.8) 10.6 (9.8-11.5) 12.0 (11.2-12.8) 
  Former 17.2 (16.4-18.1) 15.7 (14.8-16.7) 15.0 (14.1-15.8) 
  Never 59.8 (58.6-60.9) 66.4 (65.1-67.7) 65.0 (63.8-66.1) 
Any physical activity (%) 65.3 (64.2-66.5) 70.1 (68.7-71.5) 65.4 (64.2-66.6) 
Clinical characteristics    
BMI, mean (kg/m2) 28.8 ± 6.5 27.9 ± 5.6 28.3 ± 3.9 
Diabetes (%) 11.9 (11.2-12.7) 8.1 (7.4-8.8) 11.2 (10.5-11.9) 
Coronary heart disease (%) 3.4 (3.0-3.8) 1.6 (1.3-1.9) 2.2 (1.9-2.5) 
Stroke (%) 2.5 (2.1-2.8) 1.1 (0.9-1.4) 1.8 (1.5-2.1) 

 Heart attack (%) 3.7 (3.3-4.1) 2.1 (1.8-2.5) 2.6 (2.3-3.0) 
Self-reported health status (%)    
  Excellent/very good/good 67.8 (66.7-68.9) 79.2 (78.1-80.3) 75.1 (74.0-76.1) 
  Fair/poor 31.6 (30.5-32.7) 20.3 (19.1-21.4) 24.0 (23.0-25.0) 
*Percentages may not sum to 100 due to missing data 
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Table 3.3 summarizes the strength of the association between sleep duration and 

cardiometabolic outcomes.  In age- and gender-adjusted models, both short and long sleep 

duration were statistically significantly associated with diabetes among all four race/ethnic 

groups.  After additional adjustments (model 5), the association between short sleep and diabetes 

in AI/ANs remained statistically significant (OR = 1.56, 95% CI = 1.16 – 2.10) and was stronger 

than that of the other race/ethnic groups (OR = 0.97, 95% CI = 0.86 – 1.10 for blacks; OR = 

1.13, 95% CI = 0.97 – 1.32 for Hispanics; and OR = 1.08, 95% CI = 1.04 – 1.13 for whites).  

Similarly, the association between long sleep and diabetes in AI/ANs remained statistically 

significant (OR = 1.61, 95% CI = 1.20-2.17) and was stronger than the other groups (OR = 1.15, 

95% CI = 1.01 – 1.31 for blacks; OR = 1.34, 95% CI = 1.15 – 1.56 for Hispanics; and OR = 

1.14, 95% CI = 1.10 – 1.20 for whites).  The interactions of both short and long sleep duration 

with black or white race/ethnicity (with AI/ANs being the referent group) were statistically 

significant.



	  

Table 3.3. Odds ratios for diabetes, stroke, and CHD by sleep duration categories, BRFSS 2013-2014 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

^model 0: sleep only; model 1: sleep + age, sex; model 2: model 1 + income, education, marital status, employment status; model 3: model 2 + 
alcohol, smoking, physical activity; model 4: model 3 + BMI; model 5: model 4 + self-reported health status 
***p < 0.001; **p < 0.01; *p < 0.05; †short sleep-race interaction; long sleep-race interaction 

American Indians/Alaska Natives Blacks Hispanics Non-Hispanic Whites 

Diabetes Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Model 0^ 14,536 1.69*** 1.36* 71,765 1.17** 1.37*** 59,472 1.54*** 1.44*** 729,962 1.48*** 1.50*** 

Model 1 14,536 1.88*** 1.55*** 71,765 1.26*** 1.27*** 59,472 1.47*** 1.45***  729,962 1.65*** 1.36*** 

Model 2 12,524 1.67*** 1.51*** 61,404 1.14* 1.15* 50,454 1.33*** 1.32*** 625,260 1.33*** 1.20*** 

Model 3 12,118 1.67*** 1.56** 59,129 1.12 1.13 48,349 1.32*** 1.31*** 611,817 1.27*** 1.16*** 

Model 4 11,699 1.66*** 1.54** 56,878 1.07 1.13 44,607 1.28** 1.32*** 591,873 1.22*** 1.16*** 

Model 5 11,699 1.56** 1.61** 56,678 0.97 1.15* 44,358 1.13 1.34*** 590,331 1.08** 1.14*** 

p-for-interaction† ref ref p 0.005 0.040 p 0.182 0.410  0.028 0.019 

Stroke Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Model 0^ 14,536 2.16*** 1.59* 71,765 1.76*** 1.93*** 59,472 2.29*** 1.61** 729,962 1.86*** 1.96*** 

Model 1 14,536 2.48*** 1.70* 71,765 1.86*** 1.80*** 59,472 2.17*** 1.53** 729,962 2.07*** 1.70*** 

Model 2 12,524 1.89** 1.44 61,404 1.55*** 1.40** 50,454 1.77*** 1.35 625,260 1.48*** 1.38*** 

Model 3 12,162 1.73* 1.41 59,129 1.51*** 1.38** 48,349 1.63* 1.30 611,817 1.44*** 1.37*** 

Model 4 11,742 1.78* 1.42 56,878 1.51*** 1.40** 44,607 1.68* 1.39 591,873 1.43*** 1.36*** 

Model 5 11,699 1.55 1.35 56,678 1.38** 1.42** 44,358 1.59* 1.39 590,331 1.24*** 1.30*** 

p-for-interaction† ref ref p 0.759 0.616 p 0.638 0.723 p 0.575 0.922 

CHD Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Sample 
size (n) 

6 or less 
hrs. 

8 or more 
hrs. 

Model 0^ 14,536 1.74*** 1.52* 71,765 1.44*** 1.43*** 59,472 2.17*** 1.40*** 729,962 1.51*** 1.55*** 

Model 1 14,536 2.11*** 1.68** 71,765 1.58*** 1.29* 59,472 2.07*** 1.31* 729,962 1.76*** 1.30*** 

Model 2 12,524 1.65* 1.48 61,404 1.35* 1.09 50,454 1.78*** 1.16 625,260 1.43*** 1.13*** 

Model 3 12,162 1.60* 1.53 59,129 1.29* 1.06 48,349 1.75*** 1.20 611,817 1.38*** 1.11*** 

Model 4 11,742 1.60* 1.54 56,878 1.27* 1.08 44,607 1.78*** 1.23 591,873 1.37*** 1.10*** 

Model 5 11,699 1.44 1.56 56,678 1.11 1.08 44,358 1.58** 1.22 590,331 1.18*** 1.05 

p-for-interaction† ref ref p 0.669 0.236 p 0.528 0.425 p 0.278 0.096 

36 
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In age- and gender-adjusted models, both short and long sleep duration were statistically 

significantly associated with increased risk of stroke in all four race/ethnic groups (Table 3).  As 

potential confounders were introduced, the stroke-sleep association was attenuated.  In model 5, 

the association was no longer statistically significant for either short or long sleep among 

AI/ANs (OR = 1.55, 95% CI = 0.96 – 2.47; OR = 1.35, 95% CI = 0.83 – 2.19, respectively).  In 

the other race/ethnic groups, the associations remained statistically significant through model 5 

except long sleep duration among Hispanics.  However, the interactions between sleep duration 

and race/ethnicity were not statistically significant. 

With respect to CHD, again the age- and gender-adjusted models in all race/ethnic groups 

indicated statistically significantly higher risk associated with both short and long sleep duration 

(Table 4.3).  Attenuation was observed for both short and long sleep as potential confounders 

were added to the models.  In model 5, neither short nor long sleep duration was associated with 

statistically significantly increased risk of CHD in AI/ANs (OR = 1.44, 95% CI = 0.94 – 2.23; 

OR = 1.56, 95% CI = 0.99 – 2.47).  According to model 5 of the other race/ethnicities, short 

sleep was statistically significantly associated with higher risk of CHD in Hispanics (OR = 1.58, 

95% CI = 1.20 – 2.09) and whites (OR = 1.18, 95% CI = 1.11 – 1.24), but not in blacks (OR = 

1.11, 95% CI = 0.87 – 1.42).  Meanwhile, in model 5, long sleep duration was not statistically 

significantly associated with CHD risk in any of the race/ethnic groups. 

Results for heart attack were similar to those for CHD (data not shown).  Statistically 

significantly higher risk of heart attack was found in both short and long sleepers among all 

groups in age- and gender-adjusted models, except long-sleeping Hispanics.  The association 

between sleep duration and heart attack was attenuated when adjusting for more covariates and 
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was non-significant in model 5, except among whites.  The interactions between race/ethnicity 

and sleep duration in the heart attack analysis did not reach statistical significance. 

 

3.4 Discussion 

To our knowledge, this is the largest cross-sectional examination of self-reported sleep 

duration focusing on the AI/AN population.  We found a high proportion of AI/ANs reporting a 

usual short sleep duration—38.6%, compared to 29.9% of whites, 35.6% of Hispanics, and 

44.4% of blacks from the same survey years.  This corroborates our conclusion from a previous 

investigation that lack of sleep may be a substantial public health burden among minority 

populations, including AI/ANs.61  AI/ANs also reported the highest percentage of long sleepers 

(39.3%) among all race/ethnic groups surveyed.  It will be important in future studies to 

understand the underlying cause of the high prevalence of reported suboptimal sleep in this 

population. 

The present study revealed that the age- and gender-adjusted risks for all three 

cardiometabolic outcomes were significantly elevated in both short and long sleepers (a so-called 

“U-shaped” distribution).  While this is consistent with results from previous work,1,5,6 the 

magnitude of risk for diabetes among AI/ANs in the BRFSS is larger than that for other 

race/ethnic counterparts.  Importantly, the sleep-diabetes association remained strong in AI/ANs 

after adjustment through model 5, while adjusting for demographic and behavioral factors, BMI, 

and self-reported health status attenuated the association in the other race/ethnic groups (Table 

3).  These results indicate some of the factors that are important confounders or mediators for the 

association between sleep duration and diabetes5,62 in other race/ethnic groups may not play such 

an important role for the sleep-diabetes association in AI/ANs.   
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A paucity of epidemiologic studies has considered sleep duration in the AI/AN 

population.  The Native Elder Care Study, a small cross-sectional study of AI/ANs aged 55 or 

older, showed that short sleep duration (5 h or less) as well as daytime sleepiness were associated 

with increased risk of CVD.63  The Special Diabetes Program for Indians-Diabetes Prevention 

Demonstration Project (SDPI-DP) revealed that short, but not long, sleep duration was associated 

with an increased risk of diabetes in a cohort of AI/ANs with prediabetes participating in a 

lifestyle intervention.61  Ehlers and colleagues, drawing upon data from an ongoing cross-

sectional study of AI/ANs, reported that a higher degree of AI/AN ancestry was associated with 

short sleep duration, but not sleep quality.64  While previous analyses of BRFSS data indicated 

that frequent insufficient sleep is more common among AI/ANs than their peers in other 

groups,32 that work did not examine the association between sleep duration and health outcomes.  

Consistent with our results here, an analysis of 2014 BRFSS data has placed AI/ANs along with 

other minority populations such as blacks and Native Hawaiians/Pacific Islanders as being at 

high risk for unhealthy sleep durations, with state-specific estimates suggesting the burden may 

be especially clustered in states along the Appalachian Mountains.10  

Many potential biological mechanisms have been hypothesized to explain the 

relationships between sleep duration and cardiometabolic disease.  For instance, the increased 

risk of diabetes due to short sleep is thought to be linked to decreased leptin and elevated ghrelin 

levels, which alter appetite regulation and increase hunger.65  Abnormal glucose control has also 

been tied to snoring and obstructive sleep apnea.8  Other potential mechanisms contributing to 

short sleep and diabetes include inadequate secretion of insulin from the pancreas due to reduced 

β-cell responsiveness,66 as well as decreased testosterone or melatonin secretion during sleep 

disruption.67  Reported associations between long sleep duration and diabetes are more 
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speculative and less likely of biological origin.  The observed significant long sleep-diabetes 

association may be confounded by other conditions.6  Depression, unemployment, poor 

underlying health, and physical inactivity common among long sleepers likely contribute to this 

association.8 

With respect to CVD, nocturnal hypertension and sleep-disordered breathing are two 

sleep-related phenomena which have been offered as explanations for the relationship between 

poor sleep and heightened risk.68,69  In a cohort of elderly Japanese hypertensives, a sleep 

duration under 7.5 hours per night was linked to an increased stroke risk (HR = 2.21, p = 

0.003).70  Further epidemiologic data that speak to the relationship between sleep duration and 

stroke is necessary.  Mechanisms hypothesized to explain the association between sleep duration 

and CHD include increased blood pressure as well as secretion of pro-inflammatory cytokines.  

Explanations for the link between heart attack and sleep duration are scarce.  Some proposed 

potential mechanisms are development of atherosclerosis, coagulation, or effects on cardiac and 

endothelial function due to sleep loss.27 

A significant U-shaped association between sleep duration and diabetes was observed in 

AI/ANs of the present analysis, in contrast to the finding in SDPI-DP which only showed a 

significant association for short sleep duration.61  We hypothesized previously that the lack of an 

association between long sleep duration and diabetes in that cohort was due to the lifestyle 

intervention, which may have mitigated this relationship.  Evidence of a significant association 

between long sleep duration and diabetes among BRFSS AI/AN participants who did not 

undergo intervention further suggests, as others have since speculated,65 that lifestyle 

intervention may alter the mediators for the association between long sleep and diabetes risk.   
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Previous studies have noted disparities in sleep duration among other race/ethnic groups.  

Some investigators suggest that sleep could fundamentally contribute to disparities in 

cardiovascular health, driving socioeconomic and other inequities that may lead to a range of 

poor health outcomes in underserved populations.8  Strong associations between sleep duration 

and both diabetes and CVD found among Hispanics in our study add to the sparse literature in 

this area.12,71  With respect to AI/ANs, a recent analysis advances a novel genetic argument that 

one variant in the AI/AN population is suggestively associated with evening preference (i.e. 

being an owl vs. being a lark).72  Moreover, there is evidence of interaction effects for 

suboptimal sleep duration and evening preference on CVD risk factors.73  Our interaction 

analysis suggests that the mechanisms for the sleep-diabetes relationship in AI/ANs may be 

different from those in other race/ethnic populations.  Future studies are warranted to elucidate 

the underlying reasons for the racial differences found here. 

Strengths of this analysis include a large sample size, use of a nationally representative 

sample, as well as a broad spectrum of cardiometabolic outcomes, in contrast to some previous 

similar studies in AI/ANs.  However, several limitations need to be acknowledged.  First, the 

BRFSS data are self-reported and are subject to measurement error and/or recall bias.  A 

previous study examined the extent to which self-reported sleep duration correlates with 

objective measures.74  On average, those sleeping 5-7 hours over-reported sleep duration by 0.4 

to 1.2 hours, indicating that the self-reported sleep metric could be systematically biased.  Data 

with more precise means of sleep duration measurement among AI/ANs are needed to confirm 

the findings of the current study.  While the cardiometabolic outcomes are also based on self-

reported data, a comprehensive systematic review of the validity and reliability of BRFSS 

measures75 indicates high levels of agreement in reliability testing for some chronic conditions 
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such as diabetes. Yet, fair to moderate agreement between self-reports and claim-based data has 

been reported for heart disease and stroke.76,77  Additionally, we did not adjust for dietary 

covariates in this analysis; complete dietary questionnaires were not available in both survey 

years.  Also, because this is a cross-sectional study, we are unable to infer causation in the 

observed associations.  Future longitudinal studies will be needed to confirm these associations 

and assess their directionality.  Finally, questions regarding sleep quality were not available, 

limiting our ability to evaluate the association between sleep quality and the outcomes of 

interest.   

Despite the above limitations, our results add to the argument that suboptimal sleep 

duration (and its sequelae) is a prevalent public health problem among AI/ANs as in other 

segments of the US population.1,6,8,11  Given the alarming recent reports of higher mortality rates 

due to cardiometabolic conditions23,24 in AI/ANs than their white peers, our findings suggest that 

future interventions to reduce the cardiometabolic disparities experienced by the AI/AN 

population should more carefully take sleep duration into account. 
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Chapter 4. Combined lifestyle factors and cardiometabolic outcomes in BRFSS AI/ANs 

4.1 Background 

The previous chapters have established that sleep duration appears to influence the risk of 

diabetes and CVD in the AI/AN population, as well as other race/ethnic populations.  Our 

analysis results also suggest that the association between sleep duration and diabetes in AI/ANs 

may differ from that in other populations.  Building on these findings, the next step of this 

dissertation is to examine the potential role of sleep duration on risk of diabetes and coronary 

heart disease in tandem with other lifestyle risk factors for these outcomes. 

Prior studies have evaluated, for example, the combined effects of various lifestyle risk 

factors (such as smoking, alcohol intake, body mass index, and physical activity) on 

cardiometabolic disease or CVD or cancer mortality.78–81  Research on the role of sleep duration 

in cardiometabolic disease is more recent; very few of these studies have included sleep 

duration79,82 as one of the risk factors evaluated.  Moreover, few studies have investigated 

combined lifestyle factors in minority race/ethnic populations.  

The purpose of this analysis is, using the BRFSS data as in the previous chapter, to 

examine the combined effects of sleep duration as well as other lifestyle risk factors on the risk 

of diabetes and coronary heart disease in AI/ANs and to compare those results to non-Hispanic 

whites.  This work will help identify priorities among AI/ANs.  We hypothesize that a smaller 

fraction of AI/ANs will report protective lifestyle factors such as physical activity, sleep 

duration, and healthy body mass index, and we also hypothesize that a dose-response 

relationship will be observed with each additional lifestyle factor and risk of diabetes and CVD. 

 

4.2 Materials and methods 
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The data for this study derived from the BRFSS, 2013.  The BRFSS, initiated in 1984, is 

a random-digit dialed telephone survey conducted in all 50 U.S. states, the District of Columbia, 

and U.S. territories to collect uniform, state-specific data on practices and behaviors linked to 

chronic disease, injuries, and preventable infectious diseases in the adult population. 

 

Study measures and data analysis 

The BRFSS covariates of interest for this analysis were sleep duration, body-mass index, 

physical activity, alcohol intake, smoking status, and diet.  The most recent survey year to 

include data on all covariates of interest was the 2013 survey year.  Sleep duration was 

determined as a self-reported response for usual sleep in a 24-hour period, 1-24 hours.  Body 

mass index (kg/m2) was computed from height and weight self-reports.  Physical activity was 

queried as: “during the past month, other than your regular job, did you participate in any 

physical activities or exercises such as running, calisthenics, golf, gardening, or walking for 

exercise?”  Then another question determines “how many minutes or hours” the respondent 

typically takes part in this activity.  The alcohol question used determines “about how many 

drinks [the subject] drinks on average” on the days when he or she drinks.  A computed smoking 

variable categorizes each respondent as a current, never, or former smoker.  Finally, daily intake 

of fruit or fruit juice were used as a proxy for the diet of the respondents.  Diabetes and coronary 

heart disease were ascertained as self-reported responses to questions such as, “has a doctor or 

nurse ever told you that you have diabetes?” 

A cutoff for “protective” was defined for each of the covariates based on the distribution 

of the data as well as prior studies of combined lifestyle factors including sleep duration.79,82  

Sleep duration was considered protective if respondents report 7 hours of sleep in a 24-hour 
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period.  A body-mass index under 25 kg/m2 was considered protective.  For smoking status, 

never smoking was considered protective.  For alcohol intake, light to moderate intake was 

considered protective and was defined as greater than 0 drinks or fewer than 3 drinks on average 

when the respondent drinks.  At least forty-five minutes of physical activity per occasion of 

physical activity was considered protective.  And finally, using a BRFSS-defined computed 

variable for fruit and fruit juice intake, at least one serving per day of fruit was considered a 

protective dietary pattern. 

Logistic regression was conducted to compute odds ratios (ORs) and 95% confidence 

intervals (95% CI) for the association of combined lifestyle factors with diabetes and coronary 

heart disease.  Due to sample size limitations among AI/ANs (see table 5.1b), 5 and 6 protective 

factors were merged into one category in the regression.  All analyses were conducted in STATA 

IC 15.1 (College Station, TX). 

 

4.3 Results 

Tables 4.1a and 4.1b describe the participant characteristics by race/ethnicity per number 

of protective lifestyle factors reported.  In both AI/ANs and whites, the percentage of participants 

who are college-educated, female, or married increases as the number of protective lifestyle 

factors increases (Table 4.1a).  A greater percentage of whites reported 4 or more protective 

lifestyle factors than AI/ANs; less than 10% of AI/ANs reported 4 or more protective lifestyle 

factors (Table 4.1b). 
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Table 4.1a. Participant characteristics per number of lifestyle factors by race/ethnicity, 2013 BRFSS 
American Indians/Alaska Natives (n = 7,580) 
 0 factors 1 factor 2 factors 3 factors 4 factors 5 factors 6 factors 
        
Female, % 55.1 56.5 58.1 60.8 62.2 63.8 81.8 
Married, % 36.5 37.1 39.0 40.3 43.0 51.4 36.4 
College degree, % 4.8 13.6 17.5 24.1 30.3 38.1 45.5 
        
Percent reporting protective lifestyle factor 
Sleep duration n/a 9.2 24.3 38.3 58.1 80.9 100 
BMI n/a 13.9 27.6 44.8 59.7 80.9 100 
Diet n/a 31.3 52.7 67.7 81.3 92.4 100 
Smoking n/a 25.8 46.6 64.9 81.3 90.5 100 
Physical activity n/a 13.0 31.1 51.3 67.4 78.1 100 
Alcohol n/a 6.8 17.7 33.0 52.1 77.1 100 
 
Non-Hispanic Whites (n = 375,237) 
 0 factors 1 factor 2 factors 3 factors 4 factors 5 factors 6 factors 
        
Female, % 52.2 55.0 57.6 60.1 63.2 67.3 70.8 
Married, % 47.4 50.3 54.0 57.4 61.4 64.1 66.2 
College degree, % 15.5 23.3 32.9 43.4 55.5 65.6 72.9 
        
Percent reporting protective lifestyle factor 
Sleep duration n/a 9.9 24.8 40.2 56.6 75.4 100 
BMI n/a 13.3 27.5 43.3 62.3 83.0 100 
Diet n/a 25.3 45.8 63.0 77.4 90.3 100 
Smoking n/a 27.9 48.6 65.4 79.0 90.1 100 
Physical activity n/a 9.5 21.7 36.5 53.3 72.9 100 
Alcohol n/a 14.1 31.6 51.7 71.5 88.3 100 
 
Table 4.1b. Fractions of participants per protective factor by race/ethnicity, 2013 BRFSS 
 American Indians/Alaska Natives 

(n = 7,580) 
Non-Hispanic Whites (n = 375,237) 

0 protective factors 807 (10.65%) 22,246 (5.93%) 
1 protective factor 2,282 (30.11%) 74,466 (19.85%) 
2 protective factors 2,406 (31.74%) 108,142 (28.82%) 
3 protective factors 1,422 (18.76%) 94,662 (25.23%) 
4 protective factors 532 (7.02%) 53,755 (14.33%) 
5 protective factors 119 (1.57%) 18,984 (5.06%) 
6 protective factors 12 (0.16%) 2,982 (0.79%) 
 

Table 4.2 Estimates of independent associations with diabetes and CVD, 2013 BRFSS 
NHWs AI/ANs 

DIABETES OR (95% CI)  OR (95% CI) 
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Sleep duration (7 h) 0.70 (0.67-0.74)  0.63 (0.45-0.87) 
BMI (<25 kg/m2) 0.27 (0.26-0.29)  0.33 (0.22-0.48) 
Diet (>1 fruit serving/day) 0.81 (0.78-0.84)  0.82 (0.63-1.07) 
Smoking (never) 0.77 (0.74-0.80)  0.86 (0.65-1.13) 
Physical activity (> 45 
minutes/day) 

0.62 (0.59-0.65)  0.57 (0.42-0.79) 

Alcohol (>0, <3 drinks/day) 0.64 (0.61-0.67)  0.73 (0.51-1.05) 
    
CHD    
Sleep duration (7 h) 0.67 (0.63-0.71)  0.62 (0.38-1.02) 
BMI (<25 kg/m2) 0.59 (0.56-0.62)  0.78 (0.46-1.33) 
Diet (>1 fruit serving/day) 0.98 (0.94-1.03)  0.79 (0.54-1.15) 
Smoking (never) 0.49 (0.47-0.52)  0.54 (0.38-0.77) 
Physical activity (> 45 
minutes/day) 

0.80 (0.76-0.85)  0.67 (0.42-1.07) 

 

From table 4.2, we report that each factor indicates a statistically significant or 

marginally significant independent reduction in risk of diabetes and CHD in both race/ethnic 

groups.  In table 4.3, we report the association between number of lifestyle factors and risks of 

diabetes and coronary heart disease.  As hypothesized, there was among whites a dose-response 

reduced risk of diabetes and coronary heart disease with number of protective lifestyle factors 

(for 5 or 6 factors, diabetes: OR = 0.07; 95% CI = 0.06-0.09; CHD: OR = 0.14, 95% CI = 0.12-

0.17).  In general, a similar pattern is exhibited among AI/ANs, except in some cases the result 

does not follow a classic dose-response pattern (4 to 5-6 factors for diabetes; 3 to 4 factors for 

CHD).  On the other hand, contrary to what was hypothesized, we did not detect a statistically 

significant interaction by race/ethnicity. 

 

Table 4.3. Odds ratios for diabetes and CHD by number of factors, 2013 BRFSS 
NHWs  AI/ANs   

DIABETES OR (95% CI)   OR (95% CI)   
 1.00 (ref) P  1.00 (ref) P P-for int. 
1 factor 0.70 (0.65-0.75) <0.001  0.56 (0.36-0.87) 0.009  
2 factors 0.46 (0.43-0.49) <0.001  0.49 (0.32-0.76) 0.001  
3 factors 0.27 (0.25-0.29) <0.001  0.23 (0.14-0.38) <0.001  
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4 factors 0.17 (0.15-0.18) <0.001  0.13 (0.06-0.25) <0.001  
5 or 6 factors 0.07 (0.06-0.09) <0.001  0.17 (0.03-0.83) 0.028 0.306 
       
CHD       
 1.00 (ref) P  1.00 (ref) P P-for int. 
1 factor 0.67 (0.61-0.73) <0.001  0.50 (0.29-0.85) 0.010  
2 factors 0.47 (0.43-0.52) <0.001  0.39 (0.21-0.72) 0.003  
3 factors 0.32 (0.29-0.35) <0.001  0.21 (0.11-0.40) <0.001  
4 factors 0.22 (0.19-0.24) <0.001  0.29 (0.13-0.69) 0.003  
5 or 6 factors 0.14 (0.12-0.17) <0.001  0.04 (0.01-0.29) 0.001 0.230 
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4.4 Discussion 

The analysis results of this study revealed that both whites and AI/ANs had reduced risk 

of diabetes and CHD with increasing numbers of protective lifestyle factors as defined here.  

These results are consistent with past combined lifestyle factor studies.79,82  We are unable to 

conclude, based on these data, that AI/ANs differ from whites in terms of sleep duration and 

other protective lifestyle factors in risk of diabetes or CHD.  However, high rates of short sleep 

duration10 and other behaviors prevalent in AI/ANs such as poor diet and low levels of physical 

activity59 suggest that future combined lifestyle factor studies in other cohorts of AI/ANs are 

warranted. 

The results from this study clarify and expand on those from a previous study of lifestyle 

factors and risk of diabetes among AI/ANs from the Strong Heart Family Study.83  In the Strong 

Heart Family Study, which draws participants from AI/AN communities, a risk score was 

constructed based on the American Heart Association’s “Life’s Simple 7” goals—physical 

activity, diet, BMI, smoking, blood pressure, fasting glucose, and cholesterol metrics.  Compared 

to those with zero goals attained, those with four or more goals reported a greatly reduced risk of 

diabetes (OR = 0.11; 95% CI = 0.05-0.21).83  This is similar to what we report here, where 

compared to those AI/ANs with no protective lifestyle factors, AI/ANs with 5-6 protective 

lifestyle factors report an 83% reduced risk of diabetes.  Further, the reduction in risk of CHD is 

even more pronounced, as AI/ANs with 5-6 protective factors have a 96% reduced risk of CHD.  

These findings suggest that future combined lifestyle factor analyses are needed in this minority 

population, as are interventions to target lifestyle factors such as sleep duration, diet, physical 

activity, and smoking. 
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Some previous studies have examined the role of combined lifestyle factors on risk of 

diabetes, all-cause mortality, or CVD mortality in other populations.  Similar to our result, in a 

cohort of Chinese men and women—one of the first such studies in this race/ethnic population—

those free of chronic disease adhering to a protective lifestyle which includes a dietary pattern 

plentiful of fruit, vegetables, and soy, higher levels of physical activity, light to moderate alcohol 

consumption, average usual sleep between 6 and 8 hours, no smoking history, and healthy 

weight were significantly less likely to report dying of CVD relative to peers who did not adhere 

to these protective lifestyle factors.79  In addition, in the Nurses’ Health Study, when comparing 

women with five protective lifestyle factors (no smoking, BMI, physical activity, light to 

moderate alcohol intake, and diet) to those with zero protective factors, the relative risk for all-

cause mortality was 4.31 (95% CI = 3.51-5.31).78  Insofar as these studies suggest that adherence 

to lifestyle guidelines lead to marked reductions in all-cause and CVD mortality, the results from 

our study suggest that AI/ANs who engage in protective lifestyles display significantly reduced 

risk of diabetes and CHD.          

Strengths of this analysis mirror those in the previous chapter, including a large sample 

size of AI/ANs and a nationally representative sample.  It is also among the first studies of 

combined lifestyle factors among AI/ANs, making it a unique contribution to the literature.  This 

analysis is subject to a number of limitations.  Because sleep duration was only recently included 

in the BRFSS and several factors of interest were not surveyed annually, we could not draw on a 

large sample across years as has been done in other similar studies.11,82  Moreover, because this 

is a cross-sectional study, it is inferior to other longitudinal designs and precludes inferring 

causation in any reported associations.  These data are self-reported, and so both the outcomes as 

well as the lifestyle factor covariates are subject to measurement error or recall bias. 
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Despite the limitations we have noted, we describe a combined lifestyle factor analysis 

for diabetes and CVD in the AI/AN population and observe, as hypothesized, reduced risk of 

these outcomes with protective definitions of sleep duration, BMI, alcohol intake, smoking, 

physical activity, and diet.  In particular, additional studies of combined lifestyle factors that 

include sleep duration are needed, since very few such studies have evaluated sleep duration in 

addition to traditional lifestyle risk factors for diabetes and CVD.  Although we did not observe a 

significant interaction of race/ethnicity in this analysis, future work in other cohorts is necessary 

to clarify this result.  These findings do highlight the importance of multiple lifestyle factors in 

mitigating the risk diabetes and CVD among AI/ANs, suggesting that future interventions in this 

population ought to take these factors into account in primary prevention efforts. 
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Chapter 5. Summary and conclusions 

In a series of novel epidemiologic investigations, we have shed new light on a grossly 

underexplored set of questions in the American Indian and Alaska Native population.  Overall, 

the results in this dissertation represent significant, original steps in describing the epidemiology 

of sleep duration in the AI/AN population.     

In a longitudinal lifestyle intervention cohort of prediabetic AI/ANs from the SDPI-DP, 

we have shown that over 40% of participants report short sleep duration; and that short sleep 

duration (6 or fewer hours per night) is associated with increased risk of diabetes (HR = 1.55, 

95% CI = 1.11-2.17).  Also in that cohort, we found that short sleepers benefitted less from the 

intervention than those with adequate sleep; short sleepers lost significantly less weight (-4.3% 

vs. -3.7%, P = 0.003) and experienced less reduction in BMI (-1.53 vs. -1.34, P = 0.03).  This is, 

to our knowledge, the first epidemiologic study to explore the role of sleep duration in diabetes 

among AI/ANs.   

Using a cohort of AI/ANs from the cross-sectional Behavioral Risk Factor Surveillance 

System, we report several additional novel findings.  First, again a high percentage of AI/ANs 

(38.6%) report sleeping 6 or fewer hours per night.  Second, the association between sleep 

duration and diabetes among AI/ANs, after adjusting for various confounders, is stronger (OR = 

1.56) than in other race/ethnic groups.  Finally, in the diabetes analysis, the interactions of both 

short and long sleep duration with black or white race/ethnicity (with AI/ANs being the referent 

group) were statistically significant.  This is, to date, the largest cross-sectional investigation of 

sleep duration in the AI/AN population. 

Several important possibilities for future directions should be noted based on the work in 

this dissertation.  First, since this work does not include any analysis of sleep quality, future 
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studies of sleep quality in AI/ANs are warranted.  Second, these projects do not account for 

potential heterogeneity within the AI/AN population.  It will be important to consider in future 

studies how AI/ANs may differ on sleep correlates by state, tribe, or geographical area.  Finally, 

this work highlights the importance of collecting data via polysomnography among AI/ANs to 

evaluate these conclusions, which has heretofore not been reported in the literature. 

Because so few studies have investigated sleep duration and its relationship with 

cardiometabolic outcomes in AI/ANs, future studies in large, prospective cohorts are warranted 

to clarify these findings and further elucidate the nature of these associations.  Additional 

comparisons are also warranted to test the interaction of race/ethnicity and diabetes we report in 

Chapter 3.  Taken together, this work is likely to have a substantial impact on the design of both 

future interventions in the AI/AN population and future studies of sleep-related questions in this 

and other minority populations.  
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Appendix A. 

Supplemental table A1. Hazard ratios for short sleep duration, complete cases only, SDPI-DP 

 

 

  

 

n  ≤ 6 hours sleep/night 
 

 HR (95% CI) 
Model 0: sleep 1,200 1.84 (1.21-2.80) 

Model 1: sleep + age + sex 1,200 1.83 (1.20-2.78) 

Model 2: model 1 + socioeconomic characteristics 
1,200 1.86 (1.21-2.83) 

Model 3: model 2 + health behaviors 
1,200 1.85 (1.21-2.83) 

Model 4: model 3 + health status 1,200 1.68 (1.09-2.58) 

Model 5: model 4 + BMI 1,200 1.61 (1.05-2.48) 

Model 6: model 5 + % weight loss post-curriculum 1,200 1.39 (0.90-2.16) 
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Supplemental table A2. HRs, by reported sleep duration, with 6-8 hours as reference, in 
the SDPI-DP* 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
*among participants who completed all 16 classes and had at least one follow-up assessment, 
based on multiply imputed data 
**employment status, income, education, marital status 
^ RAPA1, unhealthy diet, AUDIT, smoking 
†SCQ, General Health 

 
≤ 5 hours 

sleep/night 
6-8 hours 

sleep/night 
≥ 9 hours 

sleep/night 
 HR (95% CI) HR (95% CI) HR (95% CI) 
Model 0: sleep 1.47 (0.96-2.25) 1.00 (ref) 1.12 (0.60-2.07) 

Model 1: sleep + age + sex 1.46 (0.96-2.24) 1.00 (ref) 1.14 (0.61-2.11) 

Model 2: model 1 + 
socioeconomic characteristics** 1.42 (0.92-2.18) 1.00 (ref) 1.14 (0.61-2.11) 

Model 3: model 2 + health 
behaviors^ 1.43 (0.92-2.20) 1.00 (ref) 1.10 (0.59-2.06) 

Model 4: model 3 + health 
status† 

1.33 (0.86-2.07) 1.00 (ref) 1.10 (0.59-2.05) 

Model 5: model 4 + BMI 1.27 (0.82-1.97) 1.00 (ref) 1.11 (0.60-2.07) 

Model 6: model 5 + % weight 
loss post-curriculum 

1.21 (0.76-1.92) 1.00 (ref) 1.06 (0.53-2.10) 




