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Abstract

Purpose—We aimed to determine if baseline sedentary behavior was associated with changes in 

BMI over 9 years.

Methods—Participants were enrolled into the NIH-AARP Diet and Health study in 1995–1996 

(median age 63) and BMI was reported at baseline and 9 years later (n=158,436). Sitting time (<3 

[referent], 3–4, 5–6, 7–8 or ≥9 h/d), television viewing (None, <1, 1–2, 3–4, 5–6, 7–8, or ≥9 h/d) 

and the covariates (age, sex, race, education, smoking, moderate-to-vigorous physical activity, 

caloric intake, and sleep duration) were reported at baseline. We used longitudinal quantile 

regression to model changes at the 10th, 25th, 50th, 75th and 90th BMI percentiles.

Results—More sitting at baseline was associated with additional increases in BMI over time and 

the association was stronger at the upper BMI percentiles (e.g. <3h/d [referent] vs. 5–6 h/d sitting 

additional increases: 50th percentile = 0.41 kg/m2, 95% CI: 0.34, 0.48 & 90th percentile = 0.85 

kg/m2, 95% CI: 0.72, 0.98). Similar associations were observed between more television viewing 

at baseline and additional increases in BMI over time (e.g., no television [referent] vs. 3–4 h/d of 

television: 50th percentile= 1.96 kg/m2, 95% CI: 1.77, 2.15 & 90th percentile = 2.11 kg/m2, 95% 

CI: 1.49, 2.73).

Conclusion—Reducing sedentary behavior could help prevent an increase in BMI in adulthood, 

especially at the upper percentiles of the BMI distribution, and thereby reduce the prevalence of 

obesity.
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Introduction

It is estimated that 36% of adults in the U.S. are currently obese (9). In the 1960s the 

prevalence of adult obesity was 13% (10) and the three-fold rise in obesity over the last 50 

years has had untoward health and economic consequences (38, 39). Notably, an increase in 

time spent in sedentary behavior coincided with the rise in obesity (23) and there is 

emerging evidence that sedentary behavior may have contributed to the increase in adult 

obesity (24).

Sedentary behaviors include any waking behavior characterized by low energy expenditure, 

while in a sitting or reclining posture (25, 31). The majority of waking hours are spent in 

sedentary behavior, even if moderate-to-vigorous physical activity (MVPA) guidelines are 

met (19, 25), and television viewing is one of the most common sedentary behaviors 

reported in leisure-time (25). Observational studies have reported positive associations 

between sedentary behavior and the mean body mass index (BMI) or BMI categories (3, 7, 

14, 21, 22, 26, 33, 37), but the majority of studies are cross-sectional that cannot establish 

temporal precedence (3, 7, 22, 26, 33, 37). Further, associations with the mean BMI may 

reflect changes at the lower and/or upper percentiles of the BMI distribution and it is of 

primary interest to investigate the upper percentiles of the BMI distribution when studying 

obesity. Categorizing individuals into normal, overweight and obese groups based on their 

BMI recognizes the importance of the upper percentiles of the BMI distribution. However, 

such categorization considers those within a category as homogeneous and considers 

individuals in proximity to a category cutoff, but on opposite sides, as being very different 

when they are very similar (1).

Quantile regression is an analytic approach that does not require participants to be placed 

into BMI categories, and can test if there is an association between sedentary behavior at the 

median BMI and other percentiles of the BMI distribution (28). Therefore, the purpose of 

our study was to determine if sedentary behavior was associated with changes in BMI over 9 

years, by modeling percentiles across the BMI distribution.

Methods

Participants were enrolled in the NIH-AARP Diet and Health Study (30). The NIH-AARP 

Diet and Health Study was initiated in 1995–1996 when 3.5 million questionnaires were 

mailed to AARP members, aged 50–71 years old, residing in six states (CA, FL, LA, NC, 

NJ, and PA) and two metropolitan areas (Atlanta, GA and Detroit, MI). The baseline 

questionnaire was completed by 567,169 men and women (30). Within 6 months individuals 

who did not have self-reported history of colon, prostate, and breast cancer received a risk 

factor questionnaire in the mail, which was completed by 334,906 men and women. We 

excluded those who had a proxy reporter complete their questionnaires (n=10,383). We then 

excluded those who reported having cancer (n=16,082), or poor health (n=4,382), as such 
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individuals may have experienced changes in weight as a consequence of their poor health. 

We then excluded those with missing baseline BMI (n=6,181) and baseline BMIs <14 kg/m2 

or >60 kg/m2 (n=586), as such BMIs are not representative of the general population. We 

then excluded, in the following order, those with unknown sitting and television viewing 

hours (n=2,301); unknown race (n=3,153); unknown education level (n=6,224); unknown 

smoking dose data (n=8,810); unknown MVPA data (n=3,073); those consuming < 300 

calories per day and >5900 calories per day (n=1,306); and unknown sleep duration data 

(n=273). After these exclusions a total of 272,152 participants remained. To be included in 

our study the participants also had to have reported their weight on the follow-up 

questionnaire that was completed between 2004 and 2006 (n=158,696). Follow-up BMIs 

<14 kg/m2 (n=223) or >60 kg/m2 (n=37) at follow-up were excluded leaving a total of 

158,436 participants for our longitudinal study. The Special Studies Institutional Review 

Board of the National Cancer Institute approved the study. Questionnaire completion was 

considered to imply informed consent.

The participants self-reported their height and weight on the baseline and follow-up 

questionnaire and these data were used to calculate BMI (kg/m2). There is high correlation 

between BMI calculated from self-reported and objectively measured height and weight (r 

>0.9) (20). There is also high correlation between BMI and dual energy X-ray 

absorptiometry estimated fat mass (36).

Sitting time was used in our study to provide an estimate of total daily sedentary behavior. 

Participants reported their daily sitting hours (<3, 3–4, 5–6, 7–8, or 9+ h/d) in response to 

the following question on the risk factor questionnaire, “During a typical 24-hour period 

during the past 12 months, how much time did you spend sitting?” Television viewing is a 

common leisure-time sedentary behavior. Participants reported their television viewing 

hours (None, <1, 1–2, 3–4, 5–6, 7–8, or 9+ h/d) in response to the following question on the 

risk factor questionnaire, “During a typical 24-hour period over the past 12 months, how 

much time did you spend watching television or video?”

Participants self-reported their gender, age, race (Non-Hispanic White, Non-Hispanic Black, 

Hispanic, or Asian/Pacific Islander/American Indian/Alaskan Native), and education level 

(<8 years, 8–11 years, High School Diploma, Some College, or College/Postgraduate 

Degree). These demographic covariates were included because younger, white men with 

higher education levels are more likely to have lower BMI (9), and time spent in sedentary 

behavior varies across demographic groups (19). Smoking was self-reported (never, 1–10, 

11–20, 21–30, 31–40, 41–60, or ≥60 cigarettes per day) and was included as a covariate 

because it has been associated with BMI and sedentary behavior (15). Participants also self-

reported the frequency with which they engaged in MVPA (never, rarely, weekly but 

<1h/wk, 1–3 h/wk, 4–7 h/wk, or >7 h/wk) in response to the following question at baseline: 

“How often did you participate in moderate and vigorous physical activities in the past 10 

years?” Self-reported dietary patterns were measured using a 124-item food frequency 

questionnaire at baseline and daily caloric intakes were estimated based on their responses 

(35). Self-reported sleep duration (<5, 5–6, 7–8, or ≥9 h/d) was assessed at baseline with the 

following question: “During a typical 24 hour period over the past 12 months, how many 

hours did you spend sleeping at night?” Caloric intake, MVPA, and sleep duration were 
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included as covariates to determine if any association between sedentary behavior and BMI 

was independent of MVPA, an increase in caloric intake, or a reduction in sleep duration (4, 

25, 32).

Medians and interquartile ranges are presented to describe the continuous variables and 

frequencies and percentages are presented to describe the categorical variables. Quantile 

regression was used to address the aims of the study. This analytical method is related to 

linear regression, but rather than estimating the association between a predictor and the 

mean of a continuous outcome variable, the median and any other percentile of the 

continuous outcome variable can be modeled (28). The regression coefficients from quantile 

regression are interpreted in the same way as those from linear regression (i.e. the 

coefficient represents the change in the outcome variable for a one unit change in the 

predictor). The data were re-arranged into the long-format, with a time variable created to 

represent baseline (time=0) and follow-up (time=1), and the correlation between repeated 

BMI measures was taken into account (5). BMI was modeled as the dependent variable and 

time and sedentary behavior were included as predictors; associations at the 10th, 25th, 50th, 

75th and 90th BMI percentiles were specifically investigated. The following covariates were 

included in the models: baseline age, gender, race, education level and baseline smoking 

dose (model 1); plus baseline MVPA, baseline caloric intake, and baseline sleep duration 

(model 2). Change in the mean BMI was also modeled to allow for comparison to be made 

with the quantile regression findings, using generalized estimating equation (GEE). All 

models were performed separately for sitting time and television viewing, except for model 

3 which included both sedentary behaviors. The analyses were completed using Stata 12.0 

(StataCorp LP, College Station, TX).

Results

The characteristics of the study participants are presented in Table 1. The median age at 

baseline was 63.3 years, 59.7% were men, 93.5% were non-Hispanic white, and 39.5% had 

a college or graduate degree. The median BMI at baseline was 26.3 kg/m2 and most 

participants reported sitting for 3–4 and 5–6 hours per day (57.4%), and most participants 

reported watching television for 3–4 hours per day (44.4%) (Table 1). Participants in the 

highest BMI quartile at baseline reported more sitting and more television viewing 

compared to participants in the lowest BMI quartile at baseline (Table 1).

Changes in the BMI distribution occurred from baseline to follow-up (Tables 2 and 3, time 

coefficients). The 10th BMI percentile was lower at follow-up, the 25th BMI percentile 

remained stable, and the 50th, 75th, and 90th BMI percentiles were greater at follow-up. On 

average, BMI increased by 0.18 kg/m2 between baseline and follow-up as indicated by the 

GEE time coefficients (Tables 2 and 3).

Changes in the BMI distribution over time were influenced by time spent sitting at baseline, 

particularly at the upper percentiles of the BMI distribution (Table 2, model 1). For example, 

compared to sitting for less than 3 hours per day, sitting for 5–6 hours per day was 

associated with an additional increase in BMI over time by 0.51 kg/m2 (95% CI: 0.45, 0.57) 

at the 50th BMI percentile and with an additional increase in BMI over time by 1.11 kg/m2 
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(95% CI: 0.96, 1.26) at the 90th BMI percentile. In this example, the sitting coefficient at the 

50th BMI percentile was smaller than the sitting coefficient at the 90th BMI percentile 

(−0.60, 95% CI: −0.75, −0.46, p<0.0001). The corresponding mean increase in BMI over 

time was 0.67 kg/m2 (95% CI: 0.60, 0.73) for 5–6 hours of sitting at baseline relative to less 

than 3 hours of sitting at baseline (Table 2, GEE model 1).

Changes in the BMI distribution over time were also influenced by time spent watching 

television at baseline, particularly at the upper tail of the BMI distribution (Table 3, model 

1). For example, compared to watching no television, watching 3–4 hours of television per 

day at baseline was associated with an additional increase in BMI over time by 1.96 kg/m2 

(95% CI: 1.77, 2.15) at the 50th BMI percentile and with an additional increase in BMI over 

time by 2.11 kg/m2 (95% CI: 1.49, 2.73) at the 90th BMI percentile. The corresponding 

mean increase in BMI over time was 1.88 kg/m2 (95% CI: 1.64, 2.12) for 3–4 hours of 

television viewing at baseline relative to no television viewing at baseline (Table 3, GEE 

model 1).

Dose-response relationships were observed between more sitting and more television 

viewing at baseline and additional increases in BMI over time (Tables 2 and 3). Further, the 

associations between more baseline sitting time/television viewing and greater increases in 

BMI over time remained after adjusting for MVPA, caloric intake, and sleep duration 

(Tables 2 and 3, model 2), and when both television viewing and sitting time were included 

in the same model (Tables 2 and 3, model 3).

To illustrate the overall study findings BMI distributions are shown in Figure 1. The 

stronger associations observed between sedentary behavior and BMI at the upper percentiles 

of the BMI distribution translates to a greater shift to lower BMI values at the upper tail of 

the BMI distribution with less time spent in sedentary behavior (Figure 1).

Discussion

We sought to determine in a prospective study whether sedentary behavior at baseline was 

associated with changes in the BMI distribution in adults. We assessed measures of overall 

sitting time and television viewing and controlled for established obesity risk factors that 

included MVPA, caloric intake and sleep duration. We present evidence that more time 

spent in sedentary behavior at baseline was associated with additional increases in BMI over 

time, especially at the upper percentiles of the BMI distribution, in a dose-response manner. 

These novel findings add to the growing consensus that reducing time spent in sedentary 

behavior could help to prevent obesity at the population level.

Previous cross-sectional studies have reported associations between more time spent in 

sedentary behavior and higher BMI in adults (3, 7, 22, 26, 33, 37). Importantly, those studies 

cannot establish temporal precedence. Prospective studies have found that more sedentary 

behavior increases the risk of BMI defined obesity over time, but those studies did not 

investigate percentiles across the BMI distribution (14, 21). In our longitudinal study, we 

observed that more time spent in sedentary behavior at baseline was associated with 

additional increases in BMI over time, and those additional increases were greater at the 
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upper percentiles of the BMI distribution. Therefore, reducing sedentary behavior at the 

population level could lower the proportion in the population with a BMI at or above 30 

kg/m2 by shifting the upper percentiles of the BMI distribution to lower values. This change 

in the shape of the BMI distribution would have been missed had we only modeled mean 

BMI changes and indicates that population level reductions in sedentary behavior could be 

especially beneficial for preventing excessive BMI gains in the upper percentiles of the BMI 

distribution.

The associations we observed between more sedentary behavior and higher BMI were 

independent of caloric intake, sleep duration, and MVPA. It is therefore possible that 

spending too much time in sedentary behavior independently lowers physical activity energy 

expenditure by displacing light intensity physical activity, potentially leading to a state of 

positive energy balance and obesity (17, 25). Therefore, substituting time spent in sedentary 

behavior for light intensity physical activity could increase energy expenditure and reduce 

BMI (6, 13). Indeed, walking workstations have been shown to increase energy expenditure 

by 100 kcal per hour compared to when seated at a desk (18), and the use of such 

workstations has been associated with weight loss (16). In addition, estimated energy 

expenditure during a one hour television viewing period was 148 kcal per hour when 

stepping during commercials was allowed, compared to 81 kcal per hour when no stepping 

and only sitting was allowed (34).

However, when we included both sitting time and television viewing in the same model, 

both sedentary behaviors remained associated with greater increases in BMI over time. 

Reduced energy expenditure could still explain the sitting time association, but this may be 

insufficient to fully explain the television viewing associations with BMI (i.e. reduced 

energy expenditure while sitting does not fully explain why watching television increases 

BMI). Television viewing often occurs in the evening prior to going to bed (4), and there is 

emerging evidence that misalignment between the sleep-wake cycles and circadian body 

clocks could lead to obesity (29). Further, snacking often occurs during television viewing 

and eating at night has been associated with obesity, particularly in animal models (11). We 

do not have data regarding the time of day television viewing and eating occurred and so we 

cannot directly test these hypotheses. It would be interesting to determine if circadian 

misalignment partly explains why television viewing associates with adult obesity.

While our data supports the hypothesis that sedentary behavior is associated with greater 

increases in BMI over time and that there are plausible explanations for our observations, we 

cannot exclude the possibility of reverse–causality. Two studies have suggested that obesity 

can lead to an increase in sedentary behavior (8, 27), but these studies have some limitations 

that should be considered. For example, Ekelund et al. used an objective physiological 

measure (heart rate (HR) flex) to estimate sedentary behavior and found that: 1) baseline 

BMI and sedentary behavior were positively correlated, 2) baseline sedentary behavior was 

unrelated to future BMI, and 3) baseline BMI was associated with future sedentary behavior 

(8). However, the protocol to determine HR flex and thus sedentary behavior changed 

between baseline and follow-up. Notably, estimated baseline sedentary behavior (30–34% of 

waking time) was substantially lower than the follow-up estimate (47–55% of waking time) 

(8). The baseline estimate was also substantially lower compared to other studies that have 
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objectively estimated sedentary behavior using accelerometers (19, 40). While Ekelund et al. 

rightly highlighted concerns about reverse-causality, changes in the sedentary behavior 

measurement methodology between baseline and follow-up makes interpretation of this 

study challenging (8). Similarly, Pulsford et al. reported evidence that past obesity status 

predicted more television viewing, but there was an absence of cross-sectional associations 

between sedentary behavior and BMI in their data making interpretation of this study also 

challenging (27).

A second possibility that we cannot exclude is that a bi-directional positive feedback loop 

exists between sedentary behavior and BMI. Indeed, the stronger associations we observed 

between sedentary behavior and BMI at the upper percentiles of the BMI distribution could 

be indicative of such a positive feedback relationship. Prospective studies with better 

measures of sedentary behavior are needed to test this hypothesis and replicate or refute the 

findings from this and earlier studies.

Strengths of our study include the large sample size and the inclusion of a follow-up 

measure of BMI. We adjusted for time spent in MVPA, caloric intake and sleep duration, 

and to the best of our knowledge only one other study involving adults included these three 

covariates when investigating the association between sedentary behavior and BMI (21). 

However, these covariates were self-reported and residual confounding may exist. The use 

of quantile regression allowed for the study of the BMI distribution and the stronger 

association between sedentary behavior and BMI at the upper percentiles of the BMI 

distribution would not have been observed had the mean BMI, or BMI categories, been 

modeled (28). Limitations of our study include the use of self-reported height and weight to 

calculate BMI. Self-reported BMI and objectively measured BMI are highly correlated 

(r>0.9) (20), however, replication of our study using objectively measured height and weight 

and other obesity phenotypes (skinfolds, waist circumference, and fat mass) would help to 

confirm our findings. We included two self-reported measures of sedentary behavior (sitting 

time and television viewing), but validity and reliability data for the specific questions used 

are unavailable. However, there is evidence that study participants are able to report their 

sitting and television viewing times (2, 12), and Atkin et al. concluded in a review of 

methods to measure sedentary behavior that single-item questions are suitable for use in 

health-related epidemiological research (2). Caloric intake was derived from a food 

frequency questionnaire and underestimation of calories consumed is a potential limitation, 

especially among obese participants. Our sample comprised of U.S. adults, 50–71 years old 

at baseline, and most were non-Hispanic white and well educated. It is not known if the 

same associations would be observed among other populations.

In our sample of adults, spending more time in sedentary behavior at baseline was associated 

with a greater increase in BMI over time, particularly at the upper percentiles of the BMI 

distribution. Importantly the associations observed were independent of MVPA, caloric 

intake, sleep duration. Therefore, public health strategies that target reductions in sedentary 

behavior could contribute to reducing the prevalence of obesity at the population level.
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Figure 1. 
Predicted leftward shift at the upper tail of the BMI distribution to lower BMI values with 

less time spent sitting (left column) and less time spent watching television (right column) 

among NIH-AARP Diet and Health Study participants (n=158,436). Baseline corresponds to 

1995–1996 and follow-up corresponds to 2004–2006. The solid grey line illustrates the 

predicted BMI distribution if all participants were seated for 7–8 hours per day (left column) 

and if all participants watched television for 5–6 hours per day (right column). The dashed 

black line illustrates the predicted BMI distribution if all participants were seated for 3–4 
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hours per day (left column) and if all participants watch television for 1–2 hours per day 

(right column).
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