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Abstract

Objective—To evaluate the association between self-reported daily sitting time and the incidence 

of type II diabetes in a cohort of postmenopausal women.

Design and Methods—Women (N = 88,829) without diagnosed diabetes reported the number 

of hours spent sitting over a typical day. Incident cases of diabetes were identified annually by 

self-reported initiation of using oral medications or insulin for diabetes over 14.4 years follow-up.
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Results—Each hour of sitting time was positively associated with increased risk of diabetes 

(Risk ratio (RR): 1.05; 95% confidence interval (CI): 1.02–1.08]. However, sitting time was only 

positively associated with incident diabetes in obese women. Obese women reporting sitting 8–11 

(RR: 1.08; 95% CI 1.0–1.1), 12–15 (OR: 1.13; 95% CI 1.0–1.2), and ≥16 hours (OR: 1.25; 95% 

CI 1.0–1.5) hours per day had an increased risk of diabetes compared to women sitting ≤ 7 hours 

per day. These associations were adjusted for demographics, health conditions, behaviors 

(smoking, diet and alcohol intake) and family history of diabetes. Time performing moderate to 

vigorous intensity physical activity did not modify these associations.

Conclusion—Time spent sitting was independently associated with increased risk of diabetes 

diagnosis among obese women— a population already at high risk of the disease.

Keywords

sedentary; glucose control; overweight; glycemia

Introduction

Time spent in sedentary behaviors is extremely common among today’s population, with the 

majority of middle-age Americans spending over half their waking day (approximately 8 

hours) engaged in sedentary pursuits (1). Physical inactivity and associated low level of 

energy expenditure have traditionally been considered a major risk factor for weight gain, by 

promoting positive energy balance (2). Public health recommendations have primarily 

focused on increasing levels of physical activity to achieve energy homeostasis and/or 

negative energy balance in order to obtain a variety of metabolic benefits that influence 

glucose regulation, weight maintenance and other health outcomes (3). The potential role 

that sustained engagement in sedentary activities, most commonly sitting (4), has in 

promoting metabolic dysregulation (e.g. Type II diabetes) is increasingly recognized. 

Importantly, recent findings suggest that metabolic dysregulation associated with prolonged 

sitting may confer adverse health effects even among individuals who are otherwise 

physically active (5, 6).

New evidence suggests that people exposed to prolonged sedentary time have adverse 

cardiometabolic risk factor profiles and elevated risk of cardiovascular disease (CVD) and 

even death. These findings are observed even after accounting for regular exercise habits 

and body weight status (7–9). Poor glucose control has been proposed as one potential 

physiological mechanism for the adverse health effects seen in people who lead excessively 

sedentary lifestyles (5, 6, 10). This is particularly true in women who have made a 

menopausal transition that is linked to central adiposity, diabetes and cardiovascular disease 

(11). However, while these previous studies have elucidated a potential mechanism that 

might link sedentary time with risks of CVD, mortality, and other outcomes including 

diabetes mellitus, reported findings are limited by their cross-sectional design. 

Understanding the temporal relationship between exposure to prolonged sedentary time and 

development of diseases such as diabetes is critical to clarifying whether the association is 

causal and to defining potential opportunities for enhancing existing strategies for disease 

prevention.

MANINI et al. Page 2

Obesity (Silver Spring). Author manuscript; available in PMC 2014 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We conducted a longitudinal analysis in the Women’s Health Initiative Observational Study 

(WHI OS) to investigate the association between self-reported sitting time and incidence of 

diabetes mellitus. Based on extant literature (5, 6, 10), we hypothesized that women who 

reported longer sitting time would have a higher risk for developing diabetes. We also 

explored the modifying effects of physical activity and body mass—known risk factors for 

diabetes and likely to be connected to participating in sedentary behaviors (12).

Methods

Study population

The WHI OS is a prospective, multicenter observational study designed to address the major 

causes of illness and death in postmenopausal women (see the Acknowledgements section 

for a list of study investigators) (13). Women were screened out of the study due to the 

presence of any medical condition associated with predicted survival of less than three 

years, alcoholism, mental illness, or dementia. A total of 93,676 women aged 50–79 years 

were enrolled in the observational study at 40 clinical centers between 1994 and 1998. 

Women were excluded from the present analyses if, at baseline, they were taking pills or 

insulin for diabetes or had missing information about treatment status (n = 3890), or had 

missing data on the question that asked about daily sitting time (n = 867). An additional 579 

women did not have information about diabetes status during follow-up. After women were 

excluded for these reasons, 88,250 women remained in the analysis. All women provided 

written informed consent, and the study protocol was approved by the institutional review 

board of each center.

Measurement of sitting time exposure

During the WHI OS baseline screening clinic visit women were asked to complete a self-

administered questionnaire that asked about personal socioeconomic factors, medical 

history, physical activity, smoking, diet, and other behaviors. Amount of daily sitting time 

was measured by asking, “During a usual day and night, about how many hours do you 

spend sitting? Be sure to include the time you spend sitting at work, sitting at the table 

eating, driving or riding in a car or bus, and sitting up watching TV or talking.” Eight 

categories were available for women to choose: <4, 4–5, 6–7, 8–9, 10–11, 12–13, 14–15, 

and >16 hours. These categories were collapsed to four (≤7 hrs, 8–11 hrs, 12–15 hrs and 16 

or more hours) categories after performing preliminary analyses that examined the 

association between the risk of diabetes across sitting time categories as seen in Figure 1. In 

separate studies, test-retest reliability has been high (Reliability Coefficient ~ 0.60–0.80) 

and correlation with monitor-based determination of sedentary time has been modest 

(Pearson Correlation Coefficient = 0.39) (14, 15).

Measurement of diabetes

At baseline, participants were asked if a physician had ever told them that they had ‘sugar 

diabetes or high blood sugar’ when they were not pregnant. Follow-up questions were asked 

about age at diagnosis, hospitalization for diabetic coma, dietary treatment, history of 

treatment with oral medications, and past and current treatment with insulin shots. Prevalent 

diabetes at baseline was ascertained by asking participants whether a doctor had diagnosed 
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them with diabetes and prescribed pills or shots (‘treated diabetes’). These individuals were 

excluded from the analyses. Blood assays were only performed on a 1% sub- sample of 

WHI OS participants at baseline, and thus are not included as variables in these analyses.

Cases of incident diabetes reported as of 5/26/2011 were included in the present study. 

Follow-up questionnaires asked about treatment for diabetes using the question, ‘Since the 

date given on the front of this form, has a doctor prescribed any of the following pills or 

treatments?’ Choices included ‘pills for diabetes’ and ‘insulin shots for diabetes’. Incident 

treated diabetes was ascertained and defined as the self-report of a new physician diagnosis 

of diabetes treated with oral pills or insulin. Unfortunately, information about diabetes 

without treatment for pills or insulin (i.e. with lifestyle intervention) was not ascertained at 

follow-up evaluations. Self-reported incident treated diabetes was found to be concordant 

with medication inventory in 72% of women in the WHI OS study, while more than 99% of 

those women not reporting diabetes had no evidence of antidiabetic medications or insulin in 

their medication inventory (16).

Other measures

Dietary habits, medical history, household income, education, health behaviors (e.g. 

smoking, alcohol intake), ethnicity/race, family history of diabetes, quality of life and 

psychosocial factors were collected by self-report. Ethnicity and race was included into 

models as an ordinal covariate after rank ordering the categories according to prior 

knowledge about risk of diabetes in the WHI OS (Lowest risk in Caucasians and greatest 

risk in African Americans) (17). Family history of diabetes was coded as the number of 

immediate relatives (parents, full-blooded siblings and progeny) ever having sugar diabetes 

or high blood sugar that first appeared as an adult. Moderate to vigorous intensity physical 

activity (MVPA) was determined by using a detailed questionnaire on the frequency and 

duration of walking and other types of activity as described elsewhere (18). Walking was 

assessed by a series of questions about the frequency of walks outside the home for more 

than 10 minutes without stopping. The average duration of each walk and the usual walking 

pace was recorded. Vigorous exercise was defined as that in which “you work up a sweat 

and your heart beats fast,” and examples included aerobics, aerobic dancing, jogging, tennis, 

and swimming laps. Moderate exercise was defined as that which was “not exhausting,” and 

examples included biking outdoors, using an exercise machine (such as a stationary bicycle 

or a treadmill), calisthenics, easy swimming, and popular or folk dancing. Total weekly 

physical activity energy expenditure was calculated as the summed product of frequency, 

duration, and intensity for reported activities. The duration, in minutes per week performing 

MVPA, was categorized into three levels according to the US Department of Health and 

Human Services physical activity guidelines (3): none (0 minutes), some, but not 

recommended levels (1–149 minutes per week) and greater than or equal to 150 min/week. 

Trained staff measured height using a wall-mounted stadiometer and weight using a balance 

beam scale. Body mass index (BMI) was calculated as weight in kilograms divided by the 

square of height in meters and categorized into normal (<24.9 kg/m2), overweight (25–29.9 

kg/m2) and obese (≥30 kg/m2). Dietary intake was assessed using a food frequency 

questionnaire described previously (20). Total caloric intake and macronutrient caloric 

amounts were used to calculate the percent caloric intake as carbohydrate, fat and protein.
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Data analysis

Comparisons of participant baseline characteristics between sitting time categories were 

performed by analysis of variance or chi-square tests. The primary endpoint for this study 

was incident self-reported treatment of diabetes assessed at annual contacts. We first 

examined age-adjusted probability of diabetes across the eight sitting time categories and 

then across a priori effect modifiers of body mass index (BMI) and time performing MVPA. 

Models adjusted for covariates were developed to evaluate the incidence of diabetes across 

four sitting categories. Time to event analysis was not performed because it was not possible 

to ascertain true person time status with annual contacts. Thus, we used modified Poisson 

regression to estimate incidence rates and risk ratios according to sitting categories as 

described previously (19). Poisson regression is known to overestimate error variances when 

using binomial outcomes and thus, as suggested by Zou et al., we conducted the analysis 

using robust error variances produced using a sandwich estimation (20). We first examined 

potential effect modification by ethnicities that confer a high incidence of diabetes 

(Hispanic, Native and African Americans). Effect modification of the sitting time-diabetes 

association by BMI class and MVPA were also evaluated using product interaction terms in 

regression model 1 and through stratified analyses.

Four models were constructed to understand how MVPA and BMI influenced the 

association between sitting time and diabetes risk, while adjusting for demographic, 

comorbidity and lifestyle confounders. Model 1 adjusted for potential confounding due to 

age (in years), ethnicity and race (1= Caucasian; 2 = other; 3 = Asian; 4 = Hispanic; 5 = 

Native American; 6 = African American), college education (yes or no), income less than 

$35,000 per year, which represents individuals in the lowest third of income in the WHI OS 

sample (yes or no), marital status (yes or no being married or in a marriage-like 

relationship), reported history of health conditions (feeling depressed, hypertension, 

hyperlipidemia, osteoarthritis, history of cancer and cardiovascular disease), currently 

smoking (yes or no), alcohol intake > 7 drinks per week (yes or no), percent of daily caloric 

intake as carbohydrate and percent of daily caloric intake as fat. A second model (Model 2) 

adjusted for all confounders in Model 1 plus MVPA. Model 3 adjusted for all confounders 

in Model 2 plus BMI. Finally, Model 4 adjusted for all confounders in Model 3 and included 

both MVPA and BMI. All models were adjusted with a propensity score for comorbid 

conditions that included the prevalence of: feeling depressed, hypertension, hyperlipidemia, 

osteoarthritis, cancer and cardiovascular disease. A propensity score reduces a large number 

of confounders to a single summary measure and was calculated according to methods 

outlined by Fitzmaurice (21). Tests for a linear trend in diabetes risk across sitting time 

exposure groups were conducted by treating the categories of sitting time as an ordinal 

variable. Sensitivity analyses excluded data for the first year of follow-up in order to 

minimize potential bias on the exposure caused by the presence of subclinical disease. All 

tests were two-sided and an alpha level less than or equal to 0.05 was set to determine 

statistical significance.
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Results

Characteristics of 88,829 non-diabetic women stratified across self-reported sitting time 

categories are displayed in Table 1. There were fewer Caucasians who reported sitting at the 

extremes, ≤7 hours and ≥16 hours per day. Hispanic/Latinos were more likely to report 

sitting ≤ 7 hours when compared to other sitting time categories. The proportion of African 

Americans and Asians or Pacific Islander increased with each category of reported sitting 

time. Marriage was associated with lower amount of time sitting. Women with a college 

education were less likely to report sitting ≤ 7 and ≥ 16 hours per day (an inverted “U” 

shaped association). The prevalence of women with an income less than $35,0000 per year 

was higher at the extremes of sitting categories— ≤ 7 hours and ≥16 hours per day. A higher 

body mass index was strongly associated with longer sitting time. Longer sitting time was 

associated with the following behaviors: higher caloric intake, higher fat intake, lower 

carbohydrate intake, slightly lower protein intake, and lower levels of MVPA. Reporting a 

poor quality of life, hypertension, hyperlipidemia, osteoarthritis, prevalent cardiovascular 

disease and cancer were higher among those who reported sitting for longer periods of 

times. Despite having an overall higher rate of diabetes, the effects of sitting time on 

incident diabetes were similar in Hispanic, Native and African American (p-values for all 

ethnicity by sitting time interactions > 0.15).

There were 7416 cases of incident diabetes during an average of 11.1 ± 3.2 years of follow-

up. Figure 1 shows the probability of diabetes across all eight categories of sitting time. 

Each hour of sitting was positively associated with increased risk of diabetes when sitting 

time was modeled as a continuous variable (risk ratio (RR): 1.05; 95% confidence interval 

(CI): 1.02–1.08]. However, as can be seen in Figure 1, the probability of diabetes was 

similar among those women sitting ≤ 7 hours per day, but increased in a linear fashion in 

women reporting sitting for more than 8–9 hours per day. Based on these results, sitting time 

was categorized into four categories (≤7 hrs, 8–11 hrs, 12–15 hrs and 16 or more hours) and 

examined in adjusted models seen in Table 2. Fully adjusted model of sitting time continued 

to be associated with incident diabetes after adjusting for demographics and health 

conditions/behaviors (Table 2: Model 1). The inclusion of MVPA in the model reduced the 

association slightly (Table 2: Model 2). Adjusting for BMI significantly reduced the 

association between sitting time and odds of diabetes as seen in Models 3 and 4 in Table 2.

Figures 2A and 2B show the age-adjusted probability of diabetes across categories of BMI 

and participation in MVPA, respectively. Figure 2A shows no association between sitting 

time and the probability of diabetes in normal and overweight women. However, obese 

women reporting longer periods of sitting had a higher incidence of diabetes. This resulted 

in a significant effect modification by BMI (p = 0.006). Sitting for longer periods of time 

was associated with a linear increase in incident diabetes among women who did and did not 

report participating in regular MVPA (Figure 2B; p-value for trend < 0.01).

The significant effect modification by BMI was examined more closely in models illustrated 

in Table 3. The odds of incident diabetes were not different across longer sitting times in 

normal weight and overweight women after adjusting for demographics, socioeconomic 

factors and health conditions. These effects were unchanged after adjusting for behaviors 
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(smoking, physical activity, alcohol intake and dietary intake). Obese women who reported 

sitting 8–11, 12–15 and ≥16 hours had a higher probability of diabetes after adjusting for 

demographics and health conditions/behaviors. The risk estimates were unchanged after 

adjusting for MVPA and marginally reduced after adjusting for BMI. For sensitivity 

analyses, obese women who were treated for diabetes in the first year of follow-up were 

removed (n = 216). The association between sitting time and incident diabetes was 

unchanged (OR: 1.08, 1.14, and 1.31 for 8–11 hrs, 12–15 hrs and ≥16 hrs relative to ≤ 7 hrs, 

respectively; data not shown).

Discussion

The results from 88,829 women and 7416 incident cases of diabetes demonstrate that sitting 

time is moderately associated with the development of diabetes. However, this relationship 

was clearly most pronounced in obese women. Normal weight and overweight women 

showed no excess risk of diabetes across sitting time categories. Our hypothesis that 

participation in MVPA would modify the association between sitting time and diabetes risk 

was not confirmed— women who performed regular exercise had a similar diabetes risk 

associated with sitting time as those women not exercising. These results have important 

implications for targeting obese women for interventions that minimize sitting time.

Time spent in sedentary behaviors such as television and computer work are recognized risk 

factors for metabolic dysregulation (22). Ford and colleagues showed in the 2003–2006 

National Health and Nutrition Examination Survey (NHANES) that insulin concentrations 

for men and women reporting a total screen time (television + computer time) >4 hours per 

day were higher than those individuals reporting less than 1 hour per day (5). This 

association was substantially reduced after adjusting for body mass, although others have 

not seen such a modifying effect (6, 10, 23). A new report by Yates and colleagues showed 

that higher sitting time was associated with elevated fasting insulin, leptin, and inflammation 

(C-reactive protein and interleukin-6) among women (24). Interestingly, this association was 

not seen in men. Contrary to previous reports, our data suggest that obese women are more 

prone to diabetes risk when exposed to greater amounts of sitting time as compared to 

normal weight and overweight women. It’s unclear why the potential harmful effects of 

prolonged sitting on glucose control are not observed in normal and overweight women. 

Theoretically, inactivity mediated insulin resistance coupled with a pro-inflammatory state 

found in obese individuals may play a role (25, 26). Additional observational and 

experimental studies are needed to confirm these findings.

The etiology of obesity-associated diabetes involves a complex set of biological processes 

that generally involve physiological impairments to hepatic and muscle tissue that cause 

insulin resistance (27). Our findings suggest that insulin resistance pathways might be 

further upregulated when obesity is combined with prolonged sitting. Muscle tissue has long 

been considered a major site of insulin stimulated glucose uptake in vivo and is responsible 

for 20% of the body’s blood glucose disposal in a post-absorptive state (i.e. several hours 

following a meal) (28, 29). Skeletal muscle plays a much larger role in the post-prandial 

state where it accounts for 80% of the glucose disposal following a meal (30). Additionally, 

muscle contraction as seen with vigorous exercise is a potent regulator of glucose uptake 
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(31, 32). However, it was recently found that even light physical activity can increase 

glucose disposal and reduce insulin levels (33). Collectively, results from the current study 

suggest that prolonged muscle inactivity and obesity likely create an environment that 

enhances the progression to diabetes.

Physical activity habits have long been noted as important contributors to reduced risk of 

diabetes (34). The results presented in Figure 2 support this notion. Individuals who 

regularly performed physical activity experienced approximately half the risk of diabetes 

than women reporting no physical activity (35). Interestingly, the effect of sitting time on 

risk of diabetes was consistent even among women who reported being a regular exerciser. 

Previous research support our findings whereby adjustments for physical activity had only 

minor effects on the association between sitting time and poor health outcomes (5, 24, 36, 

37). These results suggest that a bolus of physical activity might not be sufficient to 

counteract the enormous amount of time spent in sedentary behaviors such as sitting. For 

example, some reports suggest that adults spend 70% or more of their day sitting (1); one 

30-minute bout of MVPA might not provide a sufficient stimulus to ward off the harmful 

metabolic effects of sitting. The current data along with prior reports provide evidence that 

prolonged sitting is an independent risk factor for diabetes in obese women.

There are a number of strengths of this study. The study sample was of a sufficient size to 

conduct stratified analyses to examine the potential importance of behavioral factors on the 

association between sitting time and risk of diabetes. Consideration of these behavioral 

factors is critical because unhealthy behaviors are often linked with sedentary habits (e.g. 

obesity). Additionally, the WHI OS investigators collected a number of potential 

confounders that helped to refine the exposure to disease association. These strengths are 

coupled with limitations. Sitting time estimated questionnaires have a significant but modest 

correlation with objectively measured sedentary behavior (14, 15). However, it is worth 

noting that the average hours of sitting time (9–10 hours per day) in our sample of women 

aged 50–79 years was similar to the average hours of sitting time in 60–69 year old women 

(8.4 hours per day) estimated by accelerometer data in NHANES (1). Reproducibility and 

validity of this question has been verified in other studies that demonstrate good test-retest 

reliability and significant associations compared to monitor-based determination of 

sedentary time (14, 15). Additionally, these results are restricted to midlife and older women 

and additional studies are needed to confirm such associations in men. Ascertainment of 

diabetes did not include measures of fasting glucose and thus we might have missed a 

substantial number of diabetes cases (38). WHI OS investigators previously reported that 

about 3% not reporting diabetes had fasting glucose >126 mg/dl, and 88% of those 

participants subsequently reported being treated for diabetes. Consequently, we expect that 

self-report of anti-diabetic medications missed approximately 10% of undiagnosed diabetes. 

Lastly, there is a chance of detection bias because self-reported sedentary behavior is closely 

linked with health problems that increase the likelihood of having diabetes testing.

In conclusion, data from the WHI OS study suggest that prolonged sitting is preferentially 

associated with risk for the onset of diabetes in obese women when compared to normal and 

overweight women. Regular exercise and consuming a low or high fat/carbohydrate diet did 

not modify the effect of sitting time on risk of diabetes. Coupled with America’s already 
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serious obesity problem, the “sitting pandemic” is expected to contribute independently to 

excess rates of type 2 diabetes in the future, and thus warrants considerable public health 

attention.
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What is already known about this subject?

• Sedentary behaviors such as sitting are extremely common. On average, the US 

population spends approximately 60% (or 8 hours) of their day in sedentary 

behaviors. Older adults spend significantly more time being sedentary than 

young adults.

• The public health recommendations focus on promoting moderate to vigorous 

intensity physical activity. However, there is a growing literature to suggest that 

the negative health effects of prolonged sedentary behavior are not remedied by 

performing moderate to vigorous intensity physical activity.

• Sedentary behavior is associated with metabolic dysregulation in cross-sectional 

studies. Such studies are difficult to interpret because there is no temporal 

connection to the association.

What does this study add?

• Sitting time is associated with excess risk of incidence diabetes in post-

menopausal women.

• Weight status modifies the effect that sedentary behavior has on incidence 

diabetes in post-menopausal women.

• Moderate to vigorous intensity physical activity does not impact the association 

between sitting time and incident diabetes in obese post-menopausal women.
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Figure 1. 
Age-adjusted probability of diabetes according to hours of sitting (p-value for trend < 

0.001).
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Figure 2. 
Age-adjusted probability of diabetes according to hours of sitting stratified across categories 

of (A) body mass index (p-value for trend: BMI < 24.9 kg/m2: 0.537; BMI 25–29.9 kg/m2: 

0.945; BMI>30 kg/m2: <0.001); (B) minutes performing moderate to vigorous intensity 

physical activity (all p-values for trend <0.01).
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Table 3

Risk ratios for incident diabetes according to sitting time exposure groups stratified by BMI weight categories.

Normal weight (<24.9 
kg/m2) N = 36,853

Overweight (25–29.9 
kg/m2) N = 30,027

Obese (>30 kg/m2) N = 
20,898

Model 1 No. of diabetes 1,384 2,384 3,547

≤ 7 hrs (N = 51,251) 4,047 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

8–11 hrs (N = 26,577) 2295 1.08 (0.95–1.2) 1.04 (0.95–1.1) 1.10 (1.0–1.2)

12–15 hrs (N = 9,408) 945 1.09 (0.89–1.3) 1.06 (0.92–1.2) 1.19 (1.1–1.3)

16 or more hrs (N = 1,014) 129 0.83 (0.40–1.7) 1.01 (0.70–1.5) 1.35 (1.1–1.6)

P-value for trend 0.293 0.318 <0.001

Model 2

≤ 7 hrs (N = 51,251) 4,047 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

8–11 hrs (N = 26,577) 2295 1.07 (0.94–1.2) 1.03 (0.94–1.1) 1.10 (1.0–1.2)

12–15 hrs (N = 9,408) 945 1.07 (0.87–1.3) 1.05 (0.93–1.2) 1.17 (1.1–1.3)

16 or more hrs (N = 1,014) 129 0.80 (0.39–1.7) 1.00 (0.69–1.4) 1.33 (1.1–1.6)

P-value for trend 0.427 0.447 <0.001

Model 3

≤ 7 hrs (N = 51,251) 4,047 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

8–11 hrs (N = 26,577) 2295 1.08 (0.95–1.2) 1.03 (0.94–1.1) 1.08 (1.0–1.2)

12–15 hrs (N = 9,408) 945 1.08 (0.88–1.3) 1.06 (0.92–1.2) 1.14 (1.0–1.2)

16 or more hrs (N = 1,014) 129 0.81 (0.39–1.7) 1.04 (0.72–1.5) 1.27 (1.0–1.5)

P-value for trend 0.339 0.340 0.001

Model 4

≤ 7 hrs (N = 51,251) 4,047 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

8–11 hrs (N = 26,577) 2295 1.07 (0.94–1.2) 1.03 (0.94–1.1) 1.08 (1.0–1.1)

12–15 hrs (N = 9,408) 945 1.06 (0.87–1.3) 1.05 (0.91–1.2) 1.13 (1.1–1.2)

16 or more hrs (N = 1,014) 129 0.79 (0.38–1.6) 1.03 (0.72–1.5) 1.25 (1.0–1.5)

P-value for trend 0.469 0.447 <0.001

Values are risk ratio’s estimated using Poisson regression (95% Confidence Interval).

Model 1: adjusted for age, ethnicity and race, college education, income less than $35,000 per year, marital status, comorbidity propensity score 
(feeling depressed, hypertension, hyperlipidemia, osteoarthritis, history of cancer and cardiovascular disease), number of immediate family 
members with history of diabetes, currently smoking, alcohol intake > 7 drinks per week, percent of daily caloric intake as carbohydrate and 
percent of daily caloric intake as fat

Model 2: adjusted for variables in Model 1 plus minutes performing moderate to vigorous intensity physical activity

Model 3: adjusted for variables in Model 1 plus body mass index (kg/m2)

Model 4: adjusted for variables in Model 1 plus body mass index (kg/m2) and minutes performing moderate to vigorous intensity physical activity
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