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Background. Regular physical activity has an abundance of physical and mental health 

benefits; however much remains to be elucidated about the benefits of long-term versus 

short-term activity for cancer prevention, potential mechanisms linking activity and cancer 

prevention, and the relationship between activity and quality of life. The goal of this research 

was to investigate these questions and contribute to the understanding of the role of physical 

activity in maintaining health across the life span. Methods. The association between long-

term physical activity and risk of papillary thyroid cancer was investigated among 116,939 

women in the California Teachers Study (CTS) using Cox proportional hazards regression to 

estimate relative risks (RRs) and 95% confidence intervals (CIs). Recent physical activity 



 

 

was examined in relation to DNA damage and repair among 122 healthy, older participants 

in the Vitamins and Lifestyle (VITAL) cohort validation sample using linear regression to 

estimate beta coefficients and 95% CIs. Finally, associations of physical activity and 

sedentary behavior with log-transformed obesity-specific quality of life (QoL) scores were 

investigated among women in the Socioeconomic Status and Obesity (SESO) Study using 

linear regression to estimate back-transformed geometric means and 95% CIs. All analyses 

additionally examined the role of body mass index (BMI) in associations. Results. Long-

term physical activity was significantly associated with a reduced risk of papillary thyroid 

cancer in the CTS only for normal-weight women (BMI<25 kg/m2). Recent physical activity 

was significantly positively associated with 60-minute DNA repair among VITAL 

participants, even when adjusting for BMI. Physical activity was significantly positively 

associated with obesity-specific QoL scores in the SESO Study to varying degrees among 

Non-Hispanic White (NHW), English-speaking Hispanic (ESH), and Spanish-speaking 

Hispanic women. Sedentary time was significantly negatively associated with obesity-

specific QoL for NHW and ESH women. Many observed associations were attenuated or 

accounted for when additionally adjusting for dietary behaviors or BMI. Discussion. Results 

indicate that physical activity is beneficial for thyroid cancer prevention, DNA repair, and 

obesity-specific QoL. Additional longitudinal analyses are needed to assess the long-term 

benefits of increasing physical activity levels and to parse out mechanisms and potential 

subgroup differences.  



 

i 

TABLE OF CONTENTS 
Chapter I: Recreational physical activity and risk of papillary thyroid cancer among women 
in the California Teachers Study ...........................................................................................1 

Abstract.............................................................................................................................1 
Introduction.......................................................................................................................2 

Methods ............................................................................................................................3 
Results ..............................................................................................................................9 

Discussion.......................................................................................................................10 
Acknowledgements .........................................................................................................15 

Tables .............................................................................................................................17 
Chapter II: Recent physical activity in relation to DNA damage and repair using the comet 
assay (Vitamins and Lifestyle study) ...................................................................................22 

Abstract...........................................................................................................................22 

Introduction.....................................................................................................................23 
Methods ..........................................................................................................................25 

Results ............................................................................................................................30 
Discussion.......................................................................................................................32 
Acknowledgments...........................................................................................................35 

Tables .............................................................................................................................36 
Chapter III: Associations of physical activity and sedentary behavior with obesity-specific 
quality of life: differences in associations by ethnicity/acculturation (the SESO Study) .......39 

Abstract...........................................................................................................................39 

Introduction.....................................................................................................................40 
Methods ..........................................................................................................................43 

Results ............................................................................................................................51 
Discussion.......................................................................................................................54 

Acknowledgements .........................................................................................................57 
Tables .............................................................................................................................58 

Bibliography .......................................................................................................................67 
Appendix A: California Teachers Study (CTS) Questionnaire .............................................76 

Appendix B: Vitamins And Lifestyle (VITAL) Study Questionnaire...................................93 
Appendix C: Longitudinal Study of Women’s Health (LSWH) Questionnaire................... 118 



 

ii 

LIST OF TABLES 
 

CTS Table 1. Age-adjusteda percent distribution of baseline characteristics overall and by 
average annual moderate plus strenuous long-term physical activity for 116,939 women aged 
less than 80 years in the California Teachers Study .............................................................17 
CTS Table 2. Relative risks for the association between long-term and recent physical 
activity and papillary thyroid cancer in 116,939 women under 80 years of age in the 
California Teachers Study...................................................................................................18 

CTS Table 3. Relative risks for the association between physical activity and papillary 
thyroid cancer in 112,849 women aged less than 80 years with BMI reported in the California 
Teachers Study....................................................................................................................20 
VITAL Table 1. Characteristics by sex for 122 participants with at least one physical activity 
measure and a measure of DNA damage in the VITAL study validity/biomarker sub-study 36 
VITAL Table 2. Adjusted beta coefficients and 95% confidence intervals for the association 
between MET-hours per week of physical activity and baseline DNA damage and DNA 
repair capacity in the VITAL validity/biomarker sub-study .................................................37 
SESO Table 1. Baseline characteristics for 969 women in the SESO Study with data on 
ethnicity/acculturation, at least one measure of reported physical activity (prior to 
imputation), and a measure of Obesity and Weight Loss Quality of Life (OWLQOL) .........58 

SESO Table 2. Multivariate linear reression results for associations between Godin physical 
activity measures (imputed values included) and Obesity and Weight Loss Quality of Life 
(OWLQOL) score among 969 women in the SESO Study with data on 
ethnicity/acculturation, at least one measure of reported physical activity, and an OWLQOL 
score ...................................................................................................................................61 
SESO Table 3. Multivariate linear regression results for associations between walking and 
sitting measures (imputed values included) and Obesity and Weight Loss Quality of Life 
(OWLQOL) score among 969 women in the SESO Study with data on 
ethnicity/acculturation, at least one measure of reported physical activity, and an OWLQOL 
score ...................................................................................................................................63 

SESO Supplementary Table 1. Missingness (N’s and %’s) in physical activity measures by 
ethnicity/acculturation.........................................................................................................66 
 
 
 

 

 



 

iii 

ACKNOWLEDGEMENTS 

 

The author wishes to express sincere appreciation to the faculty and staff of the Department 

of Epidemiology for their long-term support. In particular, the author would like to 

acknowledge Professor Shirley A.A. Beresford, PhD for her knowledge, guidance, and 

mentorship extending far beyond this dissertation, and for substantially impacting the 

professional development of the author throughout the years. The author is also extremely 

grateful for the contributions of her other committee members - Leslie Bernstein, PhD, 

Marian L. Neuhouser, PhD, Thomas L. Vaughan, MD, and Patrick J. Heagerty, PhD – and 

for the scientific expertise provided by Donald L. Patrick, PhD, Emily White, PhD, Alyson J. 

Littman, PhD, and Deborah J. Bowen, PhD. The author wishes to acknowledge the financial, 

academic, and professional support of the Biobehavioral Cancer Prevention Training grant 

and associated faculty and staff. Finally, the author expresses her immense gratitude for the 

unwavering encouragement and devotion of family and friends.



 

1 

Chapter I: Recreational physical activity and risk of 
papillary thyroid cancer among women in the California 
Teachers Study 
 
Abstract 

Little is known about the relationship between physical activity and thyroid cancer risk, and 

few cohort data on this association exist. Thus, the present study aimed to prospectively 

examine long-term activity and risk of papillary thyroid cancer among women. 116,939 

women in the California Teachers Study, aged 22 to 79 years with no history of thyroid 

cancer at cohort entry, were followed from 1995-1996 through 2009; 275 were diagnosed 

with invasive papillary thyroid cancer. Cox proportional hazards regression provided relative 

risk (RR) estimates and 95% confidence intervals (CI) for associations between thyroid 

cancer and combined strenuous and moderate recreational physical activity both in the long-

term (high school through age 54 years or current age if younger than 54 years) and recently 

(during the three years prior to joining the cohort). Overall, women whose long-term 

recreational physical activity averaged at least 5.5 MET-hours/week (i.e. were active) had a 

non-significant 23% lower risk of papillary thyroid cancer than inactive women (RR=0.77, 

95% CI: 0.57, 1.04). RR estimates were stronger among normal weight or underweight 

women (body mass index, BMI<25.0 kg/m2, trend p=0.03) than among overweight or obese 

women (trend p=0.35; homogeneity-of-trends p=0.03). A similar pattern of risk was 

observed for recent activity (BMI<25 kg/m2, trend p=0.11; BMI>25 kg/m2, trend p=0.16; 

homogeneity-of-trends p=0.04). Associations for long-term activity did not appear to be 
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driven by activity in any particular life period (e.g. youth, adulthood). Physical activity may 

reduce the risk of papillary thyroid cancer in normal weight and underweight women. 

Introduction 

Rates of thyroid cancer in women in the US (18.5 per 100,000) are three times those 

of men (5.9 per 100,000) and age-specific incidence patterns differ by sex1. Rates among 

women increase rapidly during adolescence and young adult years, and plateau around 

menopause2. Rates for men increase slowly and steadily throughout life until age 74 years, 

after which they decline2. Papillary thyroid cancer, the most common type of thyroid cancer3, 

accounts for approximately 86% of thyroid cancers in the US1. The median age of papillary 

thyroid cancer diagnosis is 46 years4. Notably, the age-adjusted incidence rates of papillary 

thyroid cancer have tripled among women and doubled among men between 1980 and 20055. 

While improved imaging and diagnostic techniques probably account for some portion of the 

observed increase in incidence6, 7, other factors are also likely involved8. 

Established risk factors for thyroid cancer include ionizing radiation (particularly 

exposures in infancy and childhood)7, 9 and family history of proliferative thyroid disease10 

(including goiter, benign nodules and adenomas7, 10). Hyperthyroidism/ hypothyroidism10-13, 

iodine deficiency (for follicular subtype)14, and certain hormonal and reproductive factors 

have also been associated with increased risk7, 15. However, few studies have examined 

physical activity, which may affect risk of thyroid cancer through DNA repair16-18, and 

hormonal19-21, metabolic21-23, and anti-inflammatory24, 25 pathways.  

 While the relationship between physical activity and reduced risk of some cancers (e.g., 

breast cancer26-29) is well-established, its relationship with thyroid cancer has only been 
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minimally addressed. One study30 found that any strenuous recreational exercise on a regular 

basis (at least 24 times per year) in the two years prior to the diagnosis or reference date was 

associated with a 24% reduced risk of papillary thyroid cancer. Other studies8, 13, 31-34showed 

null results, but either the method of physical activity measurement was not described in 

detail31, 32, or physical activity was measured using instruments assessing only current 

activity33, 34 or activity during the previous year at the time of cohort enrollment8, 13, 34. Body 

size may also influence thyroid cancer risk35, 36. 

 Although the aforementioned studies on physical activity and thyroid cancer risk have 

primarily measured current or recent activity8, 13, 32-34, activity performed earlier in life or 

throughout the life span may be a more important determinant of cancer risk. To date, only 

one study30 has examined the association between physical activity during adolescence and 

thyroid cancer risk, and results showed a 17%, statistically non-significant risk reduction 

among women who reported exercising regularly between ages 12 and 21 years. No 

prospective cohort study has examined the association between long-term physical activity 

and thyroid cancer risk. 

 The hypothesis for this study was that long-term recreational physical activity is 

associated with decreased relative risk of papillary thyroid cancer among women 

participating in the California Teachers Study (CTS). The possible confounding or modifying 

effects of body mass index (BMI) were also examined. 

Methods 

Study population and data collection 
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The CTS is a prospective cohort study of 133,479 female public school teachers and 

administrators who were current or retired public school professionals and members of the 

California State Teachers Retirement System at the time the study began in 199537. Women 

joined the cohort by completing a mailed baseline questionnaire in 1995-1996. The baseline 

questionnaire collected information on demographics; personal and family history of selected 

diseases and conditions (including some cancers); smoking; diet during the past year (as 

measured by Block’s food frequency questionnaire38); alcohol consumption in various life 

periods; menstrual and reproductive histories; use of hormones; height; weight; and 

recreational physical activity.  

The CTS was developed by a consortium of 11 investigators from the California 

Department of Health Services; Cancer Prevention Institute of California (formerly the 

Northern California Cancer Center); the University of California, Irvine; and the University 

of Southern California. The CTS was approved by the institutional review board at each of 

the four participating centers in accord with assurances filed with and approved by the US 

Department of Health and Human Services. 

The physical activity assessment provided examples of moderate activities (e.g. brisk 

walking and golf) and strenuous activities (e.g. swimming laps, running). Participants were 

asked to estimate for total moderate activities and for total strenuous activities how many 

hours per week (none, !, 1, 1 !, 2, 3, 4-6, 7-10, and 11 or more hours per week) and months 

per year (1-3, 4-6, 7-9, and 10-12 months per year) they performed these activities during six 

time intervals (during high school; between the ages of 18-24, 25-34, 35-44 and 45-54 years; 

and during the past 3 years). Annual hours per week for each period was calculated 
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separately for mean strenuous activity and mean moderate activity by multiplying the hours 

per week (using values of 5 hours, 8.5 hours, and 12 hours per week for the three upper 

activity categories) by the portion of the year in which the woman engaged in the activity. 

Approximate metabolic equivalent (MET) values from the compendium of energy costs of 

common physical activities39 were assigned to each of moderate activities (4.5 METs) and 

strenuous activity (6.5 METs). Total MET-hours per week per year were calculated for each 

age period by multiplying the average hours per week per year in each category of activity 

(moderate or strenuous) by the appropriate MET value. Within each age period, this 

computed value was assigned to each year of age that the woman completed (e.g., for a 50 

year-old woman, this value was assigned for the years from age 45 through age 50 years).   

Long-term recreational physical activity was defined for this analysis as MET-hours 

per week of recreational physical activity from high school through age 54 years (or the 

participant's age at cohort entry if younger), and was calculated separately for moderate and 

strenuous activity by averaging the aforementioned period-specific MET hours per week per 

year values across all relevant age periods. Recent physical activity was defined as activity 

reported for the 3-year period prior to cohort entry and MET hours per week were assigned 

as described above. Measures of moderate and strenuous physical activity were also 

combined by summing the MET-hours per week per year values.  MET-hours per week of 

combined moderate and strenuous activity were categorized as <5.5, 5.5-16.4, 16.5-32.9, and 

33.0+ (approximate quartiles). Risk for >5.5 MET-hours per week of combined moderate and 

strenuous activity compared to <5.5 MET-hours per week was considered a proxy for any vs. 

no activity. Finally, a 4-level summary variable describing combined moderate and strenuous 
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activity (active vs. inactive) in both early adulthood (ages 18-24) and middle adulthood (ages 

25-54) was examined.  

To define the eligible cohort, excluded in sequence were: women who were not 

residents of California at baseline (n=8,867, 6.6%), who restricted their participation to the 

study of breast cancer (n=18), who had a prior history of thyroid cancer as of baseline 

(n=557, 0.4%) or whose history of prior cancer was unknown (n=662, 0.5%), for whom 

baseline questionnaire responses were deemed to be unreliable (n=3), and who were 80 years 

or older at baseline (n=5,728, 4.3%). Also excluded were women who did not complete the 

physical activity section on the baseline questionnaire (n=665, 0.5%), and women whose 

reported time spent in daily activities (casual walking, housework, standing or walking at 

work, sitting, and sleeping) was improbable (n=40). Thus, 116,939 women comprised the 

analytic cohort.   

Assessment of thyroid cancer incidence 

Participants diagnosed with a first primary papillary thyroid cancer (ICD-O-3 site 

code C73.9 and histology codes 8050, 8260, 8340-8344, and 8350) after joining the cohort 

and before January 1, 2010 were identified through linkage with the California Cancer 

Registry (CCR), a legally-mandated statewide population-based cancer reporting system. 

CCR ascertainment of newly-diagnosed cancers is estimated to be 99% complete40. 

Person-time of follow-up began on the date the baseline questionnaire was completed 

in 1995-1996 and ended with the first of the following: a thyroid cancer diagnosis of any type 

(n=309 total), a permanent move outside of California (n=10,822), death (n=10,512), or 

December 31, 2009 (n=95,296). Residence was monitored through annual mailings of a 
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newsletter or questionnaire, annual linkages with the US Postal Service national change-of-

address database, and change-of-address postcards submitted by participants; a permanent 

move outside of California was considered to occur when a woman left California for at least 

four months. The eligible cohort accrued 1,488,391 person-years of follow-up for analysis; 

median follow-up time was 12.7 years. Analyses were restricted to papillary thyroid cancer 

(n=275), the most common type of thyroid cancer, as the number of cases of other histologic 

subtypes (n=34) was too small for evaluation and etiologies of subtypes vary. Women with 

histologic subtypes other than papillary thyroid cancer, who moved out of California or who 

died were censored on the dates these events occurred. 

Statistical analyses  

  The hazard rate ratio (represented as the relative risk [RR] and corresponding 95% 

confidence interval [CI]) was estimated for associations between long-term and recent 

physical activity and papillary thyroid cancer risk by fitting multivariable Cox proportional 

hazards regression models41. The time scale (in days) was defined from age at baseline to age 

at event, censoring or end of follow-up. All Cox models were stratified by age at baseline (in 

years) to adjust for calendar effects. Models were also adjusted for race/ethnicity (non-

Hispanic White, Other) as an a priori potential confounder. The 911 (0.8%) women who 

declined to state their race/ethnicity were combined with women of other races or ethnicities.  

Candidate covariates were selected based upon associations documented in the 

literature between measured variables and both the exposure of physical activity and the 

outcome of papillary thyroid cancer. Covariates (assessed at baseline) were evaluated for 

confounding using a stringent 5% change in the race/ethnicity-adjusted and age-stratified 
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physical activity RR when adjusting for each covariate (individually). Health history 

covariates included history of thyroid disease, family history of thyroid cancer, history of 

smoking at least 100 cigarettes, alcohol intake during the past year, and tertiles of daily 

energy intake (kcal). Menstruation variables included age at menarche and a variable 

combining cycle length and time elapsing before menstrual periods became regular (assessed 

as the age at which a girl was able to predict within a few days when her next period would 

start). Additional reproductive history covariates included any oral contraceptive use, time 

between a woman’s last pregnancy and joining the cohort, and a combined variable for 

menopausal status and hormone therapy. Of these potential confounders, only oral 

contraceptive use (ever, never, unknown) met the study definition of a confounder, and thus 

was the only other covariate included in the multivariable-adjusted models. Analyses 

examining separate effects of moderate activity and strenuous activity were mutually 

adjusted. BMI (<25.0, 25.0-29.9, >30.0 kg/m2) was treated as a potential mediating variable, 

and multivariable-adjusted models were further adjusted for BMI to evaluate how much of 

the physical activity association, if any, could be attributed to BMI. All potential confounders 

and BMI were included in their categorical forms.  

Tests for trend were conducted to examine the dose-response relationship between 

physical activity and papillary thyroid cancer risk by using ordinal values corresponding to 

each exposure category and determining whether or not the slope parameter differed from 

zero using the Wald test42. Analyses involving the categorical variable for various 

combinations of activity in early adulthood and adulthood were limited to women aged 54 

years or older, who had complete activity histories through age 54 years.   
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BMI (<25.0, >25.0 kg/m2) was also examined as a potential effect modifier. In order 

to test for effect modification of physical activity by BMI, two physical activity variables 

were created, each representing the 4 categories of physical activity, one for women with 

BMI <25.0 kg/m2 and another for women with BMI >25.0 kg/m2 (Table 2). Homogeneity-of-

trends was tested using a likelihood ratio (LR) test in which a model that fit a single variable 

representing the trend across 4 categories of physical activity (and adjusting for BMI) was 

compared to a model (also adjusted for BMI) that fit the two physical activity trend variables. 

All statistical significance levels (p values) reported are two-sided. P values "0.05 

were considered statistically significant and were not corrected for multiple testing. 

Statistical analyses were conducted using Stata/IC (version 11.0; StataCorp LP, College 

Station, TX). 

Results 

Select characteristics of women in the analytic cohort are shown in Table 1. The 

median age at diagnosis was 57.0 years. Non-Hispanic White women and women using oral 

contraceptives tended to report higher levels of long-term physical activity.   

Women whose long-term physical activity averaged at least 5.5 MET-hours per week 

per year of combined moderate and strenuous activity were estimated to have a 23% lower 

risk of papillary thyroid cancer than women who averaged less activity (i.e. were “inactive”), 

but the confidence interval contained 1.0 (RR=0.77 95% CI: 0.57, 1.04, Table 2). Inclusion 

of BMI in the model did not attenuate the risk estimate (RR=0.77, 95% CI: 0.57, 1.04). 

Similarly, no association was observed between recent physical activity (activity during the 

three years before baseline) and papillary thyroid cancer. 
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BMI modified the effect of long-term combined moderate and strenuous physical 

activity on papillary thyroid cancer risk (homogeneity-of-trends across BMI categories 

p=0.03; Table 3). Risk declined with increasing long-term activity among women with BMI 

under 25.0 kg/m2 (i.e. those who were normal weight or underweight). Among these women, 

those performing 33.0+ MET-hours/week of long-term moderate and strenuous activity 

experienced a lower risk of papillary thyroid cancer (RR=0.63, 95% CI: 0.39, 1.02) than 

those performing less than 5.5 MET-hours/week (trend p=0.03). A similar pattern was not 

observed among overweight or obese women. When examining moderate and strenuous 

long-term activity separately, the greater protection associated with higher levels of 

combined activity did not appear to be driven by strenuous activity (trend p=0.34), but rather 

by moderate activity (trend p=0.06). Further analyses revealed that physical activity in early 

adulthood appeared to confer risk reduction that was similar to activity in middle adulthood 

(data not shown).  

Examining recent physical activity, BMI also modified the effect of recent combined 

moderate and strenuous physical activity on papillary thyroid cancer risk (homogeneity-of-

trends p=0.04; Table 3). For normal and underweight women (BMI<25.0 kg/m2), higher 

levels of physical activity were associated with lower risk, but for overweight or obese 

women, the trend was reversed; however, neither test for trend was statistically significant 

(trend p=0.11 and 0.16, respectively). 

Discussion 

 This study found no association between physical activity and risk of thyroid cancer 

in the overall study population, but results suggest that physical activity is associated with a 
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decreased risk of papillary thyroid cancer among normal weight or underweight women; 

among these women, those who averaged at least 16.5 MET-hours per week per year of 

activity from high school through age 54 years experienced approximately a 40% risk 

reduction. No such association was observed for overweight or obese women (BMI > 25.0 

kg/m2).   

 Two8, 32 of the five8, 13, 30, 32, 33 prior studies of physical activity and thyroid cancer did 

not provide specific results for papillary thyroid cancer among women, and no studies have 

examined the role of long-term physical activity in thyroid cancer risk. Kolonel et al.32 

observed no statistically significant association between thyroid cancer risk and heavy 

occupational physical activity in women (OR=0.9, 95% CI: 0.6, 1.5), but neither the time 

period that was assessed, nor the duration of activity, was described. Similarly, Meinhold et 

al.13, Leitzmann et al.8, and Kabat et al.33 found no association in their prospective studies. 

Meinhold et al.13 reported a relative risk (RR) of 0.81 (95% CI: 0.51, 1.29) among women for 

one hour or more of strenuous activity per week in the year prior to enrollment, and note that 

restriction to papillary subtype did not markedly change their findings. Leitzmann et al.8 

reported a RR for papillary thyroid cancer of 0.89 (95% CI: 0.59, 1.36) among both men and 

women for 20 minutes or more of vigorous activity, five times per week within the year prior 

to enrollment, but did not present RRs for women. Both of these studies only examined 

recent activity, within the year prior to cohort enrollment. While Kabat et al.33 examined 

physical activity prospectively, the “usual” pattern of activity rather than long-term activity 

was assessed, and their study was restricted to postmenopausal women having a mean age at 

diagnosis of nearly 62 years, whereas the distribution of age in the present study was 
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younger, with a median age at diagnosis of 57 years. In the only study to evaluate papillary-

specific results in women and report a significant association, regular (at least 24 times per 

year) strenuous recreational exercise in the two years prior to the diagnosis or reference date 

was associated with a 24% reduction in the odds of papillary thyroid cancer (odds ratio 

[OR]=0.76, 95% confidence interval [CI]=0.59, 0.98) with similar results for activity 

between the ages of 12 and 21 years, but no dose-response relationship was observed30.  

 A pooled analysis, the largest study of  physical activity and thyroid cancer risk to 

date, examined five cohorts 34 (including the Meinhold et al.13 and Leitzmann et al.8 cohorts) 

and reported no association between physical activity and thyroid cancer; however, all five 

cohorts assessed only current or recent activity characterized by study-specific tertiles (low, 

medium, high), three cohorts assessed only vigorous/strenuous activity, and although results 

were presented for women and for all participants with papillary subtype, results specific to 

women with papillary subtype were not provided. The results from the present study showed 

that more moderate levels of physical activity were associated with reduced risk of papillary 

thyroid cancer among women specifically, so it is possible that the lack of a significant 

association in the pooled analysis can be explained by the broader study population and 

choice of physical activity measurement (e.g. an emphasis on recent, strenuous activity).     

 The current study examined both long-term and recent recreational physical activity, 

and provides some evidence for an association with lower papillary thyroid cancer risk, 

unlike prior cohort studies8, 13, 33 showing little or no association. The magnitude of risk 

reduction found in this study for long-term combined moderate and strenuous physical 

activity among women who were normal weight or underweight was approximately 40% for 
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an average of at least 16.5 MET-hours per week of activity from high school through age 54 

years; this is slightly larger than risk reductions observed in the aforementioned studies8, 13, 30, 

32, 33. While Leitzman et al.8 presented the effects of physical activity separately for each BMI 

group (<25.0, 25.0-29.9, >30.0 kg/m2), both men and women were included in their analysis 

and, for their measure of recent activity, no trend across levels of physical activity was 

observed within any of the BMI groups. 

 Several pathways may be relevant in explaining associations between physical 

activity and thyroid cancer risk, including DNA repair, and anti-inflammatory and hormonal 

mechanisms. DNA damage, in particular single and double strand breaks43, has been shown 

to be associated with thyroid cancer risk17, and moderate physical activity may protect 

against DNA damage and increase DNA repair16-18, likely through increased telomerase 

action and reduced telomere shortening44. Physical activity is also associated with elevated 

levels of adiponectin, an anti-inflammatory factor21, 45 which may be associated with 

decreased risk of thyroid cancer46. However, these potential mechanisms may not explain 

why the association between physical activity and thyroid cancer risk was restricted to 

normal- or underweight women.  

 A hormonal hypothesis may also shed light on the results. Long-term physical 

activity appears to reduce levels of circulating, biologically available sex hormones such as 

estrogen and androgens19 which drive cell proliferation and increase the chances of random 

genetic mutations20, in turn reducing the risk of cancer. Physical activity may also increase 

amounts of circulating sex-hormone binding globulin, thereby reducing the availability of 

hormones, such as estradiol, to influence target tissues19, 47, in turn reducing proliferation of 
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thyroid cancer cells48. Decreased levels of female hormones may also lower levels of thyroid 

stimulating hormone (TSH) which is associated with thyroid hyperplasia and possibly 

cancer7. Thus, the aforementioned mechanisms, independently and combined, could lead to a 

decreased risk of thyroid cancer, which has been proposed as a hormone-related cancer20, 49. 

The lack of any association among overweight or obese women is puzzling; issues of 

measurement error may be greater among overweight and obese women. 

The present study has several limitations. Data on physical activity, BMI (previously 

validated50) and other potential confounders were assessed by self-report, and are thus 

subject to reporting error. The mean age at cohort entry was 51.9 years (standard deviation 

13.1 years), so the recall period for activity in the earlier age periods (e.g. 18-24 years in 

particular) would be greater for older women. Validity information of the physical activity 

measure is not available given that no historical data on physical activity of these women is 

available for comparison. Nonetheless, because this is a prospective cohort study, any errors 

in reporting would likely be non-differential between women who later developed papillary 

thyroid cancer and those who did not, but could theoretically differ based on personal 

characteristics such as weight. Non-differential reporting errors would bias the relative risk 

estimates toward the null value. Previous results have shown that the activity measures used 

in this study are associated with a decreased risk of breast cancer28 and colon cancer 51 

among women in the CTS. This study did not assess occupational or household physical 

activity, which could be important determinants of total energy expenditure28, 52 that may 

affect risk of thyroid cancer.  
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The majority of women in the study are non-Hispanic White, and thus it was not 

possible to determine whether risk varies by race or ethnicity. In addition, education and 

income were not assessed on the baseline survey, but education levels should be similar (all 

women would be expected to have college degrees) and even if income levels differed, 

socioeconomic status (as measured from follow-up surveys and by census data related to 

residential address at baseline) has not been found to be a confounder in similar CTS studies 

(e.g. physical activity and breast cancer). 

Despite its limitations, the present study has several noteworthy strengths. It is the 

first study to assess long-term physical activity and thyroid cancer risk in a cohort study. By 

collecting information on physical activity at baseline (prior to diagnosis), differential recall 

by disease status, as is often present in case-control studies, is minimized. With 116,939 

women and 1,488,391 person-years of follow-up, this is one of the largest cohort studies to 

examine physical activity and thyroid cancer risk prospectively, and the study size afforded 

us the opportunity to assess risk by BMI strata and to observe potentially important effect 

modification. 

In summary, the present study found that long-term physical activity averaging at 

least 16.5 MET-hours per week was associated with reduced risk of papillary thyroid cancer 

in women with a BMI under 25.0 kg/m2.  
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Tables 

Table 1. CTS Table 1. Age-adjusteda percent distribution of baseline characteristics 
overall and by average annual moderate plus strenuous long-term physical activity for 
116,939 women aged less than 80 years in the California Teachers Study  

Average annual moderate + strenuous  long-term 
recreational activity (MET-hours/week), %b 

 Total (N) 

<5.5 
(n=20,567) 

5.5-16.4 
(n=33,844) 

16.5-32.9 
(n=32,595) 

#33.0 
(n=29,933) 

Race      
     Non-Hispanic White 
     Other/not stated 

100,955 
15,984 

16.4 
22.6 

30.1 
28.5 

28.8 
25.3 

24.7 
23.7 

History of benign thyroid disease/condition     
     No 
     Yes 

105,163 
11,776 

17.1 
18.9 

29.7 
31.7 

28.5 
27.1 

24.8 
22.3 

Family history of thyroid cancer      
     No 
     Yes 
     Adopted/unknown 

111,871 
1,461 
3,607 

17.2 
16.8 
19.9 

29.9 
28.3 
28.6 

28.4 
29.6 
26.1 

24.5 
25.4 
25.5 

History of lifetime smoking 100+ cigarettes     
     No 
     Yes 
     Unknown 

76,890 
39,441 

608 

17.5 
16.7 
18.3 

29.7 
30.2 
30.6 

28.3 
28.5 
31.6 

24.5 
24.6 
19.6 

Alcohol intake in the past year     
     No 
     Yes 
     Unknown 

37,041 
74,131 
5,767 

21.1 
15.2 
20.5 

30.6 
29.6 
28.4 

26.3 
29.4 
27.3 

22.1 
25.8 
23.8 

Tertiles of daily caloric intake, kcal/day      
     First 
     Second 
     Third 
     Unknown 

35,673 
35,635 
35,685 
9,946 

20.0 
16.4 
14.1 
22.4 

30.9 
30.6 
28.4 
28.9 

27.5 
28.9 
29.2 
25.8 

21.6 
24.1 
28.3 
23.0 

Oral contraceptive use      
     Never 
     Ever   
     Unknown 

35,126 
77,472 
4,341 

22.8 
15.2 
20.9 

28.8 
30.2 
30.2 

24.9 
29.7 
24.6 

23.6 
24.9 
24.4 

Body mass index, kg/m2      
     <25.0  
     25.0-29.9 

     >30.0 
     Unknown 

68,657 
28,094 
16,098 
4,090 

15.3 
18.5 
21.5 
24.3 

28.9 
30.9 
32.5 
28.2 

29.1 
28.3 
26.1 
24.8 

26.7 
22.2 
20.0 
22.8 

aVariables in table are adjusted to the age distribution (5-year age groups) of the 116,939 women ages 22-79 years who 
comprise the eligible cohort for the analysis . 
bPercentages may not sum to 100% due to rounding. 
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Table 2. CTS Table 2. Relative risks for the association between long-term and recent 
physical activity and papillary thyroid cancer in 116,939 women under 80 years of age 
in the California Teachers Study 

Adjusted relative riska (95% confidence interval) 
 Observed 

person-years 

No. cases 
Multivariable 

adjusteda 
Multivariable and 

BMIa,b adjusted 
AVERAGE ANNUAL MODERATE PHYSICAL ACTIVITY  
(MET-hours/week)c  

Long-term     
<5.5 
 
 #5.5 
 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

294,078 
 

1,194,313 
 

377,549 
387,847 
428,917 

59 
 

216 
 

70 
71 
75 

Reference 
 

0.83 (0.61-1.12) 
 

0.85 (0.60-1.21) 
0.84 (0.59-1.21) 
0.80 (0.55-1.17) 

Reference 
 

0.82 (0.61-1.12) 
 

0.85 (0.59-1.21) 
0.84 (0.58-1.20) 
0.80 (0.55-1.16) 

      Trend p   0.29 0.28 

Past 3 years     

<5.5 
 
 #5.5 
 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

382,983 
 

1,105,408 
 

310,186 
307,855 
487,367 

75 
 

200 
 

61 
53 
86 

Reference 
 

0.90 (0.68-1.18) 
 

0.98 (0.70-1.39) 
0.85 (0.59-1.22) 
0.87 (0.62-1.21) 

Reference 
 

0.89 (0.67-1.18) 
 

0.98 (0.69-1.39) 
0.84 (0.58-1.22) 
0.87 (0.62-1.21) 

      Trend p    0.32 0.32 

AVERAGE ANNUAL STRENOUS PHYSICAL ACTIVITY  
(MET-hours/week)c  

Long-term     
<5.5 
 
 #5.5 
 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

424,329 
 

1,064,062 
 

355,292 
329,012 
379,757 

73 
 

202 
 

71 
56 
75 

Reference 
 

1.03 (0.77-1.37) 
 

1.10 (0.79-1.54) 
0.91 (0.63-1.32) 
1.08 (0.75-1.56) 

Reference 
 

1.03 (0.77-1.37) 
 

1.10 (0.78-1.54) 
0.91 (0.63-1.32) 
1.08 (0.75-1.57) 

      Trend p   0.91 0.90 

Past 3 years     

<5.5 
 
 #5.5 
 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

753,141 
 

735,250 
 

231,147 
188,237 
315,866 

132 
 

143 
 

41 
33 
69 

Reference 
 

1.07 (0.83-1.38) 
 

0.97 (0.67-1.39) 
0.98 (0.66-1.45) 
1.24 (0.90-1.70) 

Reference 
 

1.07 (0.83-1.38) 
 

0.97 (0.67-1.39) 
0.98 (0.66-1.46) 
1.25 (0.91-1.72) 
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Adjusted relative riska (95% confidence interval) 
 Observed 

person-years 

No. cases 
Multivariable 

adjusteda 
Multivariable and 

BMIa,b adjusted 

      Trend p    0.24 0.23 

AVERAGE ANNUAL MODERATE+STRENUOUS PHYSICAL ACTIVITY 
(MET-hours/week) 

Long-term     

<5.5 
 
 #5.5 
 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

256,838 
 

1,231,553 
 

431,698 
417,536 
382,318 

53 
 

222 
 

77 
76 
69 

Reference 
 

0.77 (0.57-1.04) 
 

0.78 (0.55-1.11) 
0.76 (0.53-1.09) 
0.76 (0.53-1.10) 

Reference 
 

0.77 (0.57-1.04) 
 

0.78 (0.55-1.11) 
0.76 (0.53-1.09) 
0.76 (0.53-1.10) 

      Trend p   0.21 0.21 

Past 3 years     

<5.5 
 
 #5.5 
 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

453,222 
 

1,035,169 
 

394,207 
330,304 
310,658 

86 
 

189 
 

76 
54 
59 

Reference 
 

0.94 (0.73-1.22) 
 

0.99 (0.73-1.36) 
0.84 (0.60-1.19) 
0.99 (0.71-1.38) 

Reference 
 

0.94 (0.73-1.23) 
 

0.99 (0.73-1.35) 
0.84 (0.60-1.19) 
0.99 (0.71-1.39) 

      Trend p    0.67 0.70 

BMI: Body Mass Index 
aStratified by age (years) and adjusted for categories of race (non-Hispanic White, Other/unknown) and oral 
contraceptive use (ever, never, unknown).  
bAdditionally adjusted for BMI (<25, 25-29.9, >30 kg/m2, unknown). 
cModerate physical activity and strenuous physical activity mutually adjusted for each other. 
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Table 3. CTS Table 3. Relative risks for the association between physical activity and 
papillary thyroid cancer in 112,849 women aged less than 80 years with BMI reported 
in the California Teachers Study 

No. cases Adjusted relative risk 
(95% Confidence Interval)  

BMI<25kg/m2 BMI!25kg/m2 BMI<25 kg/m2 BMI!25 kg/m2 
AVERAGE ANNUAL MODERATE PHYSICAL ACTIVITY  
(MET-hours/week)b  

Long-term     

      <5.5 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

37 
40 
43 
41 

21 
28 
26 
33 

 
Reference 

0.76 (0.48-1.19) 
0.75 (0.48-1.18) 
0.62 (0.39-0.99) 

 

 
Reference 

0.97 (0.55-1.72) 
0.93 (0.52-1.68) 
1.13 (0.64-1.99) 

 

      Trend p   0.06 0.69 

      Homogeneity-of-trends p  0.12  

Past 3 years     

      <5.5 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

42 
40 
29 
50 

31 
20 
22 
35 

 
Reference 

1.10 (0.71-1.71) 
0.71 (0.44-1.15) 
0.72 (0.47-1.11) 

 

 
Reference 

0.84  (0.47-1.48) 
1.06 (0.61-1.85) 
1.23 (0.75-2.03) 

 

      Trend p    0.05 0.32 

Homogeneity-of-trends p  0.04  

AVERAGE ANNUAL STRENOUS PHYSICAL ACTIVITY  
(MET-hours/week)b  

Long-term     

      <5.5 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

44 
42 
30 
45 

28 
25 
25 
30 

 
Reference 

1.02 (0.67-1.57) 
0.73 (0.45-1.17) 
0.87 (0.55-1.37) 

 

 
Reference 

1.06 (0.61-1.84) 
1.22 (0.70-2.12) 
1.56 (0.91-2.70) 

 

      Trend p   0.34 0.10 

Homogeneity-of-trends p  0.04  

Past 3 years     

      <5.5 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

73 
23 
18 
47 

57 
16 
14 
21 

 
Reference 

0.89 (0.56-1.44) 
0.79 (0.47-1.33) 

 
Reference 

0.97 (0.55-1.70) 
1.27 (0.70-2.32) 
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No. cases Adjusted relative risk 
(95% Confidence Interval)  

BMI<25kg/m2 BMI!25kg/m2 BMI<25 kg/m2 BMI!25 kg/m2 
1.09 (0.74-1.60) 

 
1.60 (0.95-2.68) 

 

      Trend p    0.82 0.08 

Homogeneity-of-trends p  0.19  

AVERAGE ANNUAL MODERATE+STRENUOUS PHYSICAL ACTIVITY 
(MET-hours/week) 

Long-term     

      <5.5 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

30 
51 
39 
41 

21 
24 
35 
28 

 
Reference 

0.83 (0.53-1.30) 
0.59 (0.37-0.96) 
0.63 (0.39-1.02) 

 

 
Reference 

0.67 (0.37-1.20) 
1.05 (0.61-1.82) 
1.07 (0.60-1.88) 

 

      Trend p   0.03 0.35 

Homogeneity-of-trends p  0.03  

Past 3 years     

      <5.5 
      5.5-16.4 
      16.5-32.9 
      33.0+ 

49 
44 
30 
38 

37 
29 
21 
21 

 
Reference 

0.87 (0.58-1.31) 
0.62 (0.40-0.99) 
0.77 (0.50-1.18) 

 

Reference 
1.04 (0.64-1.70) 
1.12 (0.65-1.91) 
1.52 (0.89-2.61) 

Trend p    0.11 0.16 

Homogeneity-of-trends p  0.04  

BMI: Body Mass Index; number of cases are fewer than those indicated in Table 2 due to missing data on BMI 
status. 
aStratified by age (years); adjusted for race (non-Hispanic White, Other/unknown) and oral contraceptive use 
(ever, never, unknown). 
bModerate physical activity and strenuous physical activity mutually adjusted for each other. 
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Chapter II: Recent physical activity in relation to DNA 
damage and repair using the comet assay (Vitamins and 
Lifestyle study) 
 
Abstract 

 Limited evidence suggests that very high-intensity exercise is positively associated with 

DNA damage but moderate exercise may be associated with DNA repair. Since excessive 

DNA damage is related to carcinogenesis, moderate physical activity may represent a means 

of lowering cancer risk. This study examined physical activity’s relation to DNA damage and 

repair among healthy older adults. Participants were 220 Washington State 50-76 year-olds 

in the validity/biomarker sub-study of the VITamins And Lifestyle (VITAL) cohort, who 

provided blood samples and completed questionnaires assessing recent physical activity and 

demographic and health factors. Measures included nested subsets of activity: total activity, 

moderate- plus high-intensity activity, and high-intensity activity. The comet assay was used 

to measure DNA damage (n=122) and repair (n=99). Multivariate linear regression was used 

to estimate regression coefficients and associated 95% confidence intervals (CIs) for 

relationships between MET-hours per week of physical activity and outcomes that included 

DNA damage (Olive tail moment measures) and DNA repair capacity (15-minute and 60-

minute post-irradiation). DNA damage was not associated with total activity, moderate- plus 

high-intensity activity, or high-intensity activity. However, 60-minute DNA repair was 

positively associated with both total activity ("=0.21, 95% CI: 0.0057, 0.412; p=0.044) and 

high-intensity activity ("=0.31, 95% CI: 0.20, 0.60; p=0.036), adjusting for age, sex, BMI, 

and current multivitamin use. This study is the first to assess broad ranges of activity 
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intensity levels related to DNA damage and repair. Physical activity was unrelated to DNA 

damage but was associated with increased repair. 

Introduction 

 DNA damage is associated with cancer risk53, 54; thus, preventing DNA damage and 

increasing DNA repair may enhance cancer prevention. Of the modifiable factors that may 

protect against DNA damage or impaired DNA repair, physical activity is of particular 

interest, since higher levels of physical activity are associated with lower risk of various 

types of cancers, including breast26-29, 55, colon56, 57, and thyroid30 cancers.  

Evidence from some animal studies suggests that regular exercise decreases DNA 

damage and increases DNA repair18, 58. One study found that voluntary chronic physical 

activity on an exercise wheel was associated with elevated mitochondrial DNA template 

levels in mature (adult) mice18. No effect was observed in senescent mice, which the study 

authors attributed to lower running speeds of the aged mice18. However, another study has 

shown no association between short-term spontaneous exercise wheel running and DNA 

damage in the lymphocytes of adult mice59. A third study has shown DNA damage in muscle 

tissue of adult mice two days after spontaneous exercise on a wheel for an entire night 

(intense exercise)60. In terms of DNA repair, at least one study has shown regular exercise is 

beneficial – eight weeks of treadmill running resulted in increased repair in the muscle tissue 

of middle- and older-aged rats58. 

Few studies have examined the relationship between physical activity and DNA 

damage and repair capacity in humans. In one of the first studies, white blood cells of three 

participants who ran at an increasing speed to exhaustion showed a pattern suggestive of 
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DNA damage in the single cell gel electrophoresis (SCG) assay (comet assay). On the other 

hand, when the participants were asked to run for 45 minutes at a constant speed, no DNA 

damage was observed61. The authors concluded that physical activity above the aerobic-

anaerobic threshold causes detectable white blood cell alterations61. However, since the study 

was so small the ability to draw inferences is limited. Another study examined runners during 

an ultra-marathon and found DNA damage in lymphocytes mid-race, but the effect subsided 

two hours post-race62. Thus, this evidence suggests that extremely high intensity physical 

activity may lead to DNA damage, at least in the short term. 

The possibility of a threshold effect, whereby intense but not moderate activity may 

be positively associated with DNA damage, is a consistent theme in the literature. Although 

an approximately two- to three-fold increase in oxidative damage in muscle tissue has been 

noted following exhaustive exercise,63 this is not seen with moderate activity. In a 

randomized trial of short-term moderate and high intensity exercise programs in colorectal 

cancer patients, urinary excretions of 8-oxo-7,8-dihydro-2'-deoxyguanosine (8-oxodG), a 

marker of oxidative DNA damage, were significantly decreased in the individuals completing 

the moderate intensity program and non-significantly increased in individuals completing the 

high intensity program64. Similarly, another study found that urinary 8-oxodG excretions 

were significantly decreased among individuals performing moderate exercise (<5 hours per 

week)65. In fact, investigators have proposed that exercise is related to DNA damage in a U-

shaped fashion, whereby too little exercise may not confer benefit, and excessive intense 

exercise may cause DNA damage, but moderate exercise may protect against DNA 

damage66. Body mass index (BMI) may also play a role in the relationships between physical 
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activity and DNA damage and repair. Several cross-sectional studies65, 67 and at least one 

longitudinal study68 have found that BMI and urinary 8-oxdG excretions were inversely 

associated, but these relationships are still not well-understood. 

The hypothesis of the present study was that physical activity is associated with 

reduced baseline DNA damage and increased DNA repair as measured by the comet assay in 

healthy older adults. Secondarily, an exploratory analysis investigated if these associations 

varied with BMI. 

Methods 

Study population and data collection 

The VITamins And Lifestyle (VITAL) study is a prospective cohort study of 77,738 

men and women in Washington State, aged 50-76 years at baseline, designed to examine the 

role of vitamins and other dietary supplements in relation to cancer risk. Baseline data were 

collected from October 2000 to December 2002 via a 24-page mailed, self-administered, sex-

specific questionnaire. Questions assessed use of supplements, diet, physical activity, and 

health history69. In addition, a sub-study was conducted among 220 participants and included 

a repeat baseline questionnaire, an in-home interview to obtain more detailed information on 

certain factors and collection of blood and other biospecimens for biomarkers70. Data from 

this subsample assessment are used for the present analysis. The VITAL study was approved 

by the Fred Hutchinson Cancer Research Center institutional review board and is in 

accordance with an assurance filed with and approved by the U.S. Department of Health and 

Human Service and all participants signed written informed consent. 

Assessment of physical activity 
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Physical activity data were collected via the repeat baseline questionnaire completed 

before the in-home visit. This was a version of the VITAL baseline physical activity 

questionnaire71, modified to assess recreational physical activity over the prior month. 

Participants estimated by category how many days per week (1-2, 3-4, 5-7) and minutes per 

day (10-25, 30-40, 45-55, 60+) they participated in each of 13 types of activity, plus an 

“other” category. For analyses, the midpoint value of each category was assigned (e.g., 35 

was assigned to the 30-40 minutes per day category), and a value of 65 was assigned to the 

category of 60+ minutes per week71. For walking, participants estimated pace as follows: 

casual (30 minutes per mile or more), moderate (20-29 minutes per mile), or fast (19 minutes 

per mile or less). For missing data (<5%), age- (50-64, 65-75) and sex-specific values for 

minutes per day and days per week were imputed based on the most common response (the 

mode) for each strata71. The number of flights of stairs climbed each day was also 

ascertained.   

Metabolic equivalent task (MET) values were assigned to each of the activities (e.g., 

walking, running, swimming), based on Ainsworth et al.’s Compendium of Physical 

Activities39. Activity-specific MET-hours per week for the 1-month time span were 

calculated: [(days per week)*(minutes per day)*(MET for activity)]

! 

÷[(60minutes/hour)]. 

MET-hours per week were then summed across all activities for total MET-hours per week. 

Physical activity predictors were quantified as MET-hours per week of the following five 

groupings: walking, stair climbing, moderate plus high-intensity activity (for activities with 

MET values of 4 or higher, excluding walking), high-intensity activity (for activities with 

MET values of 6 or higher), and total activity (walking, stair climbing, moderate, and high 
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intensity activities combined). 

Assessment of baseline DNA damage and repair 

Semifasting (> 6 hours) blood samples were collected from participants by 

phlebotomists at the in-home interviews. All specimens were transported to the Fred 

Hutchinson Cancer Research Center Specimen Processing Laboratory and processed within 

two hours of collection. Viable leukocytes were isolated by Ficoll-gradient centrifugation, re-

suspended, and underwent controlled step-rate freezing. The cryovials with these specimens 

were placed in a -70°C freezer overnight and were transferred to liquid nitrogen storage 

vessels within 48 hours.  

Baseline DNA damage was assessed using a single gel electrophoresis (SCG) assay 

(comet assay), which is a rapid, sensitive, and reliable technique to detect single and double 

strand breaks in DNA from individual cells72, 73. Measurement of damage varies, but one 

common technique is the Olive tail moment, which is in measured in arbitrary units but is 

expressed as the difference between the tail mean and the head mean multiplied by the 

percent of DNA and divided by 10074. A variation of the standard comet assay was used in 

this study to enable measurement of baseline DNA damage, response to oxidative stress-

induced DNA damage, and repair capacity at two time points75. Measuring both DNA 

damage and repair is an important feature, as it is ultimately the loss of equilibrium between 

damage and repair that promotes carcinogenesis76, 77. 

Cells were tested for viability using Trypan blue staining and cell morphology was 

examined. Samples were placed on ice to prevent repair until electrophoresis was conducted 

for each of the measures. Baseline DNA damage was measured for those samples having 
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viable cells, then the cells were subjected to 1.23 gray of gamma radiation at 4 degrees 

Celsius (9 seconds of exposure) to induce DNA damage.. Repair capacity measurements 

were then taken at 15 minutes and 60 minutes post-induced damage and expressed as a 

percentage. For this study, 15-minute DNA repair capacity was considered to be 1 minus (the 

Olive tail moment at 15 minutes divided by the baseline Olive tail moment after irradiation), 

based on seminal comet assay work75. An analogous calculation was made for DNA repair 

capacity at 60 minutes. Comet assays were conducted at the German Cancer Research Center 

(DKFZ), and values were measured using the Metafer4 system (MetaSystems, Altlussheim, 

Germany). 

Although serum specimens were obtained for all 220 subsample participants, 35 were 

excluded from the comet assay analysis due to a previous cancer diagnosis (reported on their 

baseline questionnaire). There remained 122 participants with valid baseline DNA damage 

data after excluding 63 samples with non-viable lymphocytes or samples deemed ineligible 

for baseline damage analysis because fewer than 60 cells could be scored, >50% of cells 

were ‘ghost’ cells meaning no viable cells were present 24 hours after thawing. DNA repair 

capacity was not calculated when either the baseline damage or the residual damage from the 

induced damage was higher than the induced damage, because these measures were 

considered unreliable and likely due to laboratory measurement error. Of the 122 participants 

with baseline damage measures, all had data for at least one physical activity variable, and 99 

had data available for the 15- and 60-minute DNA repair capacity assessments. The 23 

individuals who had baseline damage measures but not repair measures were dropped from 

analyses due to the aforementioned exclusions at the repair measure time point. 
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Statistical analyses 

Descriptive statistics were used to characterize the study population. Linear 

regression was used to estimate adjusted $-coefficients and 95% confidence intervals (95% 

CIs) for associations between MET-hours per week of physical activity and Olive tail 

moment measures of baseline DNA damage, 15-minute DNA repair, and 60-minute DNA 

repair. Total physical activity was considered the primary predictor, and components of total 

activity were also explored. Although there is no consensus on which repair measure (15-

minute or 60-minute) is better, it has been observed in at least one study that cells can take as 

long as 30 minutes or more to repair78; thus, the 60-minute repair measure was emphasized a 

priori as the primary repair outcome, in order to capture as much repair as possible.  

All models were a priori adjusted for age, sex, and BMI (continuous) given that they 

are known to be independently associated with both physical activity and DNA damage and 

repair68, 79. For participants missing BMI (n=7), the BMI from their original baseline 

questionnaire was used if available (n=3). Additional covariates were evaluated in groups in 

order to construct a more parsimonious multivariate model and to have finals models that 

were more comparable to each other. Groups were formed by clustering similar variables and 

were included as follows: 1) demographic/behavioral: race (White, non-White), education 

(college or higher, less), current cigarette smoking (Y/N), current alcohol use (Y/N); 2) 

current multivitamin use (Y/N); 3) current antioxidant use: vitamin C (mg), vitamin E (mg 

dL alpha tocopherol), selenium (mcg); 4) current use of minerals/pro-oxidants: iron (mg), 

zinc (mg); 5) current use of fish oil, EPA, omega 3, or cod liver oil (Y/N), and 6) history of 

cardiovascular disease or diabetes (Y/N). Dose calculations for each of the vitamins and 
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supplements included amounts supplied by a multivitamin. The correlation matrix for 

variables within groups was examined to ensure that included variables were not highly 

correlated with each other. Each covariate group was added to the model for total activity and 

60-minute DNA repair (main analysis) and evaluated for significance using a Likelihood 

ratio test. Only significant groups of variables were included in final models. For the main 

analysis of total activity and 60-minute DNA repair, the only additional predictor was 

multivitamin use; thus, all “final adjusted” analyses are adjusted for age, sex, BMI 

(continuous), and multivitamin use (Y/N). 

In an exploratory analysis, BMI (<30.0, >30.0 kg/m2) was examined as a potential 

effect modifier. Multiplicative interaction terms were generated by creating a cross-product 

term between each physical activity measure and each BMI category and tested for 

significance in the univariate model using a likelihood ratio test. 

All statistical significance levels (P values) reported are two-sided. P values of "0.05 

were considered statistically significant. Statistical analyses were conducted using Stata/SE 

(version 11.0; StataCorp LP, College Station, TX). 

Results 

Demographic and health information for the 122 participants with complete 

information on at least one measure of reported physical activity and a measure of baseline 

DNA damage in the study sample are shown in Table 1 by sex. The majority of participants 

were non-Hispanic White (95.0%) and non-smokers (93.0%). Men were slightly more 

physically active than women; differences were most apparent for moderate-intensity, high-

intensity, and total activity, while stair climbing and walking were similar between men and 



 

31 

women (Table 1). Men had a slightly higher mean BMI, and a higher proportion of men had 

a history of cardiovascular disease or diabetes (Table 1).  

Table 2 displays the results of each of the five physical activity predictors and their 

relation to baseline DNA damage and 15-minute and 60-minute DNA repair capacity. 

Associations between baseline DNA damage and total activity, moderate- plus high-intensity 

activity, and high-intensity activity were small and not statistically significant.  

Physical activity was not significantly associated with 15-minute DNA repair; 

however, total activity and high-intensity activity were each significantly associated with 60-

minute DNA repair. When adjusting for age, sex, BMI, and current multivitamin use, total 

activity was positively associated with 60-minute DNA repair (p=0.044); for each additional 

MET-hour of physical activity per week, the mean DNA repair capacity was 0.21% higher 

("=0.21, 95% CI: 0.0057, 0.42). Similarly, when adjusting for age, sex, BMI, and current 

multivitamin use, high-intensity activity was positively associated with 60-minute DNA 

repair (p=0.036); for each additional MET-hour of high-intensity activity per week, the mean 

DNA repair capacity was 0.31% higher ("=0.31, 95% CI: 0.20, 0.60). Moderate- plus high-

intensity activity was associated with a non-significant 25% higher 60-minute DNA repair 

capacity ("=0.25, 95% CI: -0.0098, 0.51). 

Given the small sample size of this study, there was limited power to detect effect 

modification by BMI. Thus, overall results (not separated by BMI status) have been 

presented. 
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Discussion 

In this study of generally healthy, older adults in Washington State, physical activity 

was not associated with overall baseline DNA damage, but was associated with enhanced 

DNA repair. Meeting physical activity recommendations of 150 minutes per week80, which is 

approximately equivalent to 7.5 MET-hours per week, would be associated with a 1.6% 

higher DNA repair capacity at 60 minutes. The benefit of total physical activity for DNA 

repair appears to be driven primarily by higher-intensity activities, such as running, 

swimming laps, or fast cycling. Given that DNA repair counteracts DNA damage, and 

excessive DNA damage is involved in carcinogenesis, these results are important because 

they demonstrate that physical activity may be beneficial for cancer prevention in older, 

healthy adults. Previous studies examining physical activity and DNA damage and repair 

have either used exhaustive treadmill tests to measure physical activity, or they have focused 

on aerobically trained individuals; however, this study used a measure of usual physical 

activity that allows for varying intensities of recreational physical activity. While a previous 

study showed that DNA damage was significantly decreased among individuals performing 

moderate exercise (<5 hours per week)65, no association was observed in the present study. 

This study, however, is the first study to examine physical activity and DNA repair in 

humans and show that physical activity is associated with increased repair. These results are 

similar to the aforementioned study showing that eight weeks of treadmill training resulted in 

increased DNA repair in the muscle tissue of middle- and older-aged rats, which are more 

likely to perform moderate-intensity activity compared to high-intensity activity58. The 

results of the present study are also consistent with another study showing that levels of 8-
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oxoG-DNA glycosylase (OGG1), a base excision repair enzyme, increased in moderately- 

and strenuously-trained rats but not in rats trained at a higher intensity81. 

This study is one of only a handful of studies that have considered BMI as a potential 

confounding factor in the relationship between physical activity and DNA damage and 

repair. In one of the first small studies, BMI was accounted for via a crossover design; 

however this study only included three people61. Allgayer et al.64 examined BMI as a 

potential confounder but it was not associated with their measure of DNA damage and thus 

was not considered a confounder. Kasai et al.65 included BMI in their multivariate analysis of 

moderate physical activity and urinary 8-oxodG excretion, but their study was restricted to 

men.  

Biologically, physical activity may impact DNA repair through the creation and 

stimulation of oxygen radical scavenger enzymes and repair enzymes65. It is possible that the 

action of such enzymes is delayed, which may help explain why an effect of physical activity 

on DNA repair was observed at 60 minutes but not at 15 minutes. The hypothesis of a non-

immediate effect is consistent with the report from Mastaloudis et al.62 who observed that 

any damage induced during an ultra-marathon subsided to baseline levels two hours after the 

event.  

This study has several strengths. It is the first study to assess how usual physical 

activity with a range of intensity and duration relates to baseline DNA damage and repair 

using the comet assay among older, more “average” activity level individuals. It is also the 

largest study to date to examine physical activity and baseline DNA damage and repair 

capacity in both men and women. The comet assay has been used extensively in 
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biomonitoring studies73, 82, 83 and more recently in epidemiologic investigations with reliable 

and reproducible results75, 84.  

Nonetheless, this study has several limitations. Data on physical activity, BMI, and 

other demographic variables and potential confounders were assessed by self-report, and as 

such are subject to reporting error, including that due to social desirability85, 86. This is an 

observational, cross-sectional study, and it is possible that the observed association could be 

due to residual confounding. The sample size was too small to effectively examine effect 

modification by BMI. Finally, the majority of VITAL participants are non-Hispanic White 

and non-smokers, so results may not be generalizable to other subgroups of the population; 

however, the homogeneity offers a degree of control for confounding. 

Although there are many assays available to assess DNA damage and the comet assay 

has its limitations, only one assay was able to be used in the present study, and the ability of 

the (relatively inexpensive) comet assay to rapidly and reliably simultaneously assess DNA 

damage and repair was an important feature in the current study. The statistical power to 

assess baseline DNA damage and repair was somewhat limited by the number of individuals 

with viable lymphocytes suitable for the comet assay. Nevertheless, an association was 

detected between physical activity and 60-minute DNA repair, and it was determined that 

participants who were included in the final analytic sample (i.e. those who had at least one 

comet assay measure) did not differ from participants who were excluded (i.e. those who did 

not have a comet assay measure) in terms of physical activity, demographics, and other 

measured characteristics.  
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In summary, recent physical activity does not appear to be associated with increased 

DNA damage as has been suggested by limited evidence in the literature. In fact, usual 

exercise may stimulate DNA repair, possibly though an oxygen radical scavenger enzyme or 

repair enzyme mechanism. In order to better assess the relationship between physical activity 

and DNA damage and repair, larger studies are needed, and particularly those that address 

remaining questions, including whether or not the associations observed vary by BMI. 

Nonetheless, our results are consistent with US Centers for Disease Control and Prevention 

physical activity guidelines for adults and older adults that a mix of moderate and vigorous 

physical activities is beneficial for health, and that some physical activity is better than 

none87. 
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Tables 

Table 4. VITAL Table 1. Characteristics by sex for 122 participants with at least one 
physical activity measure and a measure of DNA damage in the VITAL study 
validity/biomarker sub-study 

a N’s may not sum to 122 due to missing data, %’s may not sum to 100% due to rounding 
BMI: Body Mass Index

 Males 
N=67 

Females                
N=55  

 N (%)a N (%)a 
Race 
     Non-Hispanic White 
     Other 

 
63 (94.0) 

4 (6.0) 

 
53 (96.4) 

2 (3.8) 

Education 
     Less than college graduate 
     College graduate or advanced degree 

 
24 (35.8) 
43 (64.2) 

 
30 (54.6) 
25 (45.5) 

Current Cigarette smoker   
     Yes                
     No    

 
3 (4.5) 

64 (95.5) 

 
5 (9.1) 

50 (90.9) 

Alcohol in the past month 
     Any 
     None 

 
50 (75.8) 
16 (24.2) 

 

37 (67.3) 
18 (32.7) 

History of diabetes or cardiovascular disease 
     Yes       
     No 

 
12 (17.9) 
55 (82.1) 

 
3 (5.5) 

52 (94.5) 

Current multivitamin use 
     Yes       
     No 

 
33 (49.3) 
34 (50.8) 

 
39 (70.9) 
16 (29.1) 

 Mean (SD) Mean (SD) 

Age (years) 59.9 (7.5) 62.2 (7.8) 

BMI (kg/m2) 27.6 (4.3) 25.3 (4.5) 

MET-hours per week of walking 4.1 (5.0) 4.6 (5.1) 

MET-hours per week of stair-climbing 2.3 (1.7) 1.9 (1.9) 

MET-hours per week of moderate+high intensity activity  9.9 (14.7) 5.9 (9.2) 

MET-hours per week of high intensity activity  6.8 (12.4) 3.3 (7.1) 

MET-hours per week of total activity  18.7 (17.7) 13.5 (11.1) 

Olive tail moment for baseline DNA damage 
 
Olive tail moment for 15-minute DNA repair capacity (%) 
 
Olive tail moment for 60-minute DNA repair capacity (%) 

3.0 (2.7) 
 

38.4 (12.3) 
 

61.5 (13.9) 

3.5 (3.7) 
 

40.1 (18.7) 
 

64.2 (15.7) 
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Table 5. VITAL Table 2. Adjusted beta coefficients and 95% confidence intervals for 
the association between MET-hours per week of physical activity and baseline DNA 
damage and DNA repair capacity in the VITAL validity/biomarker sub-study 

  " (95% confidence interval) 
Average MET-hours per week of 

physical activity 
Model 1 –  

a priori adjusted a 
Model 2 –  

final adjusted b  
Baseline DNA damage 
 
Walking 
  (n=120) 
 
Stairs 
  (n=122) 
 
Moderate-+high-intensity activity  
  (n=120) 
 
High-intensity activity  
  (n=120) 
 
Total activity  
   (n=120) 
  

 
 

0.08 (-0.08, 0.24) 
p=0.32 

 
0.14 (-0.18, 0.46) 

p=0.38 
 

-0.02 (-0.06, 0.02) 
p=0.28 

 
-0.02 (-0.06, 0.02) 

p=0.29 
 

-0.01 (-0.03, 0.02) 
p=0.70  

 

 
 

0.08 (-0.08, 0.23)  
p=0.33 

 
0.14 (-0.18, 0.46) 

p=0.39 
 

-0.02 (-0.06, 0.01) 
p=0.20 

 
-0.03 (-0.07, 0.01) 

p=0.20 
 

-0.01 (-0.04, 0.02) 
p=0.62 

 
 
15-minute DNA repair capacity 
 
Walking 
  (n=97) 
 
Stairs 
  (n=99) 
 
Moderate-+high-intensity activity  
  (n=97) 
 
High-intensity activity  
  (n=97) 
 
Total activity  
  (n=97) 
 

 
 
 

0.24 (-0.33, 0 .82) 
p=0.40 

 
0.35 (-1.52, 2.22) 

p=0.71  
 

0.06 (-0.20, 0.33) 
p=0.65 

 
0.07 (-0.25, 0.38) 

p=0.67 
 

0.02 (-0.20, 0.25) 
p=0.86  

 

 
 
 

0.26 (-0.27, 0.80) 
p=0.33 

 
0.40 (-1.44, 2.25) 

p=0.67  
 

0.09 (-0.17, 0.36) 
p=0.48  

 
0.10 (-0.21, 0.42) 

p=0.53 
 

0.03 (-0.20, 0.27) 
p=0.78   

 
60-minute DNA repair capacity 
 
Walking  
  (n=97) 
 
Stairs 
  (n=99) 
 
Moderate-+high-intensity activity  
  (n=97) 
 

 
 

0.40 (-0.16, 0.94) 
p=0.16  

 
1.09 (-0.49, 2.67) 

p=0.17  
 

0.19 (-0.07, 0.46) 
p=0.15  

 

   
 

0.42 (-0.11, 0.95) 
p=0.12  

 
1.15 (-0.46, 2.75) 

p=0.16  
 

0.25 (-0.01, 0.51) 
p=0.059  
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High-intensity activity  
  (n=97) 
 
Total activity  
  (n=97) 

 
0.25 (-0.05, 0.56) 

p=0.10  
 

0.19 (-0.01, 0.39) 
p=0.065  

 

 
0.31 (0.20, 0.60) 

p=0.036  
 

0.21 (0.01, 0.41) 
p=0.044  

 
BMI: Body Mass Index 
aAdjusted for age, sex, and BMI (continuous) 
bAdjusted for age, sex, and BMI (continuous), and multivitamin use (Y/N) 
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Chapter III: Associations of physical activity and sedentary 
behavior with obesity-specific quality of life: differences in 
associations by ethnicity/acculturation (the SESO Study) 
 
Abstract 

Obesity is associated with impaired health-related quality of life, but to what extent does this 

association apply to obesigenic behaviors such as physical activity? The Socioeconomic 

Status and Obesity (SESO) is a cohort study with 498 non-Hispanic White (NHW) women 

and 490 Hispanic women (of whom 79 were English- (ESH), and 392 were Spanish-speaking 

(SSH) in the home) who were aged 30-50 years at baseline. Demographic and behavior 

characteristics were assessed by self-administered questionnaire. Body mass index (BMI) 

was calculated from measured height and weight. In this analysis, multivariate linear 

regression was used to estimate associations between physical activity and sedentary time 

measures and log-transformed Obesity and Weight Loss Quality of Life (OWLQOL) scores 

adjusting for age and education, and additionally adjusting for dietary behaviors and BMI. 

Godin leisure-time activity score was positively associated with OWLQOL score in both 

NHW women and ESH women when controlling for age and education; using ordinal 

categories  (<14, 14-23, and >23 units), a one-category increase in Godin score was 

associated with a geometric mean OWLQOL score 12% higher (95% CI: 5%, 20%; p=0.001) 

for NHW women and 22% higher (95% CI: 7%, 39%; p=0.004) for ESH women. Weekday 

sedentary time was negatively associated with OWLQOL score, after adjusting for age and 

education, among NHW women (p=0.019), and weekend sedentary time was negatively 

associated among both NHW women (p<0.001) and ESH women (p=0.039). Many of these 

associations were attenuated or accounted for when additionally adjusting for dietary 
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behaviors or BMI. Higher levels of physical activity and lower levels of sedentary time 

appear to be associated with higher obesity-specific quality of life to varying degrees among 

NHW, ESH, and SSH women. This is the first study to investigate ethnic differences in the 

relationship between physical activity and obesity-specific quality of life. 

Introduction 

The health benefits of physical activity have been recognized for decades, and 

researchers are now also beginning to appreciate the risks associated with sedentary 

behavior, even among those who are physically active88; however, a vast majority of the 

literature regarding physical activity and sedentary behavior focuses on physical health and 

neglects outcomes such as quality of life. As such, Healthy People 201089 expanded its 2000 

goal of longevity to include increased quality of life (QoL) and overall well-being90, and 

Healthy People 202091 has emphasized this goal by including the promotion of health-related 

quality of life (HRQoL) as an overarching theme and new topic area92.  

Measures of quality of life are intended to capture aspects of life experienced only by 

the individual reporting them, and represent how one feels his/her goals, standards, and 

concerns are affected by specific conditions and circumstances93. Several studies have found 

that obesity is associated with lower perceived QoL94-98, and a higher Body Mass Index 

(BMI) has been shown to be associated with impaired physical, social, and emotional 

domains of QoL90, 98. Furthermore, measures specific to weight, such as the Impact of Weight 

on Quality of Life-Lite instrument99, have been used to demonstrate that individuals with 

higher BMIs were more likely to report impaired  weight-related HRQoL96, 100 and that 

weight loss is strongly related to improved weight-related HRQoL101. The relationship 
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between obesity and QoL may be bi-directional, in that obesity negatively affects perceived 

QoL, but lower perceived QoL can also predict future weight gain98. 

Physical activity may be one way to modify QoL (e.g. through weight loss)102-104. 

Data from the 2001 Behavioral Risk Factor Surveillance System survey indicate that 

individuals who meet physical activity recommendations had significantly lower odds of 

reporting 14 or more mental and physical unhealthy days103. Although anthropometric 

measures such as BMI, weight, and body fat may account for some portion of the 

relationship between physical activity and quality of life, data also suggest that physical 

activity is associated with improved QoL independent of BMI105. For example, additional 

BRFSS data indicate that regardless of BMI, individuals who reported moderate or vigorous 

physical activity reported fewer physical and mental unhealthy days when compared to 

individuals reporting light physical activity106. Similarly, a recent study examining physical 

activity and BMI in combination found that physical activity was the more important 

predictor of QoL, regardless of weight status107, and in another study, adjustment for BMI 

merely attenuated the effect of physical activity on QoL108 Furthermore, stratified analyses 

have shown that even among overweight/obese individuals, those who meet recommended 

physical activity levels report higher QoL compared to their inactive counterparts109. 

Nonetheless, studies regarding the association between physical activity and obesity-specific 

quality of life are few, but may provide important detail in interpreting the association with 

health-related variables, beyond the broad general construct of QoL.  

Research also suggests that ethnic differences in reporting of QoL and body 

satisfaction exist106, 110-112. A recent study in adolescents demonstrated that Caucasians are at 
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an elevated risk of reporting lower weight-related quality of life compared to Mexican-

Americans110. Another study showed that among obese individuals, Hispanics report fewer 

mental and physical unhealthy days than their non-Hispanic White (NHW) counterparts, with 

the difference being more pronounced at higher BMIs106, suggesting one interpretation that 

weight may have a larger impact on quality of life for NHWs compared to Hispanics. 

Similarly, Lopez et al.111 found that while non-Hispanic White and more acculturated 

Hispanic women reported a similar degree of body dissatisfaction, less acculturated Hispanic 

women reported decreased body dissatisfaction compared to White women111. The authors 

concluded that as Hispanic women acculturate, their behavior and body image may be more 

strongly influenced by the dominant culture, and their level of body dissatisfaction may 

increase111.Indeed, body image, acceptance, and ideals of individuals in a specific race or 

ethnic group are likely related to broader, culture-wide beliefs and norms. Researchers have 

found that the perception of normal body weight within low-SES Puerto Rican women  

greatly exceeds the definition of normal weight according to medical standards113, and larger  

women are considered healthy and more attractive in many Latin American and African 

traditional cultures compared to European and European descendant cultures114.  

To date, only one study has examined ethnic differences in the relationship between 

physical activity and QoL; Luncheon and Zack (2011)115 found that physical activity was 

associated with fewer reported physical unhealthy, mental unhealthy, recent activity 

limitation, and overall unhealthy days in White women, compared to only fewer reported 

overall unhealthy days in Latinas, independent of BMI115; however, no formal interaction test 

results were reported, and the study measured general quality of life rather than obesity-
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specific quality of life. Thus, the present study aims to fill some of these gaps by examining 

the association between physical activity and obesity-specific quality of life in a population 

of NHW and Hispanic adult women. In particular, it further evaluates any change in effect 

estimate when adjusting for BMI. The hypothesis is that higher levels of physical activity and 

lower levels of sedentary time are associated with higher reported obesity-specific quality of 

life, and that this relationship persists even when adjusting for BMI. Secondarily, potential 

differences in observed associations based on levels of ethnicity/acculturation, as measured 

by ethnicity and language spoken in the home, will be investigated. The hypothesis is that the 

associations of physical activity and sedentary time with obesity-specific quality of life 

would be stronger for non-Hispanic White women, for whom lean body mass appears to be 

more desirable.   

Methods 

Study population and data collection 

The Socioeconomic Status and Obesity (SESO) study is a longitudinal cohort study 

aiming to elucidate the pathways between socioeconomic status (SES) and obesity by 

examining social, environmental, psychological, and biological factors in relation to weight 

and weight change. Non-Hispanic White (NHW) (n=510) and Hispanic (n=530) Seattle 

women were recruited through multi-stage sampling, using block groups stratified by income 

and education  as of the 2000 census as primary sampling unit. Segments of contiguous 

dwelling units were defined within block groups, and segments were sampled for the next 

stage. Within the selected segments, more than 25,000 households were approached by study 

staff, and approximately 20,000 households were screened, and eligible women were 
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stratified by years of education. Eligibility criteria included being 30-50 years old and an 

expectation that women would not move their home residence for three years. A stratified 

sample of eligible and interested women was drawn, with sampling fractions dependent on 

ethnicity and education stratum. Because women with fewer years of education had a higher 

sampling fraction within the NHW ethnicity, the overall eligibility rate was 10.5%, but the 

cooperation rate116 was 72.5% yielding a joint response rate of 41.9%. 1,040 women were 

successfully enrolled in the study, exceeding the target of 1,000 women. In these analyses, 

women were excluded from analyses if they did not fall within the target age range of 30-50 

years at the time of the baseline survey (n=22) or if they had missing information for age 

(n=30). This resulted in an analytic sample of 988 women.  

The SESO study includes a baseline assessment and two annual follow-up assessments, each 

of which involves the following: wearing an accelerometer for a 7-day period; completion of 

a comprehensive self-administered questionnaire assessing physical activity, dietary, 

psychosocial, health, and demographic factors; and measured height and weight. The 

questionnaire was offered in both English and Spanish versions. Data for the present study 

used only baseline data, collected from May 2010 through September 2011. 

Assessment of physical activity and sedentary time 

A number of physical activity measures were assessed in the baseline questionnaire. 

The primary measure of physical activity for this study was leisure-time activity of at least 10 

minutes, assessed using a modified Godin leisure-time exercise questionnaire117, which asked 

about the frequency during a typical 7-day period of strenuous, moderate, and mild exercise 

(assessed separately), which were then weighted using approximate metabolic equivalents 
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(METs) of 9, 5, and 3 respectively117-119. A total weighted score can be calculated by 

summing weighted frequencies across all three categories; however, given that mild activity 

contributes minimally to various health outcomes, we calculated a total score based on the 

contributions of moderate and strenuous activity only, in accordance with Godin’s updated 

recommendation119. This approach has also been used by others120, 121. It was assumed that a 

woman may not have filled in responses for categories for which she did no activity; thus for 

a woman who answered either moderate or strenuous activity an overall score was calculated  

using the reported frequency for the completed, and zero frequency for the missing, response. 

Godin score was also categorized according to the following recommended cutpoints by 

Godin119 based on the Surgeon General’s recommended physical activity levels122: <14 units 

(<7 kcal/kg/week), 14-23 units (7-13.9 kcal/kg/week), and >23 units (>14 kcal/kg/week). A 

separate question, not factored into the total score, asked about frequency of engaging in 

sweat-inducing free-time activity in a typical 7-day period (often, sometimes, 

never/rarely)123. Godin and Shephard have demonstrated the reliability and validity of their 

measure of leisure-time activity in relation to maximal oxygen consumption (VO2 max)118.  

Total walking was assessed using two questions from the short-form International 

Physical Activity Questionnaire, a reliable and valid measure of physical activity124. A 

primary question asked about the number days per week during the past 7 days a woman 

walked for a least 10 minutes at a time for any purpose (e.g. recreation, transportation). A 

secondary question asked how many hours and minutes she usually walked on one of those 

days. Reported hours were multiplied by 60 minutes and summed with reported minutes to 

create a variable for minutes per day. This minutes per day variable was multiplied by days 
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per week to create a total minutes per week variable. As per the International Physical 

Activity Questionnaire (IPAQ) scoring protocol, for minutes per day, values above 180 were 

truncated to 180. Similarly, values for minutes per week above 1,260 (based on 180 minutes 

per day for 7 days a week) were truncated to 1,260.  

Time spent sitting (sedentary time) was evaluated using two questions from the long-

form IPAQ124, 125. Participants reported hours and minutes usually spent sitting in a day 

during the past 7 days. One question asked about weekday sitting and the other asked about 

sitting on weekend days. Similar to the IPAQ-short walking questions, reported hours were 

multiplied 60 and summed with reported minutes to create a variable for minutes spent sitting 

per day. This variable was created separately for weekdays and for weekend days. As per 

IPAQ scoring protocol, values for sitting minutes per day above 960 were truncated to 960, 

based on the assumption that 16 hours of the day could be spent doing activities other than 

sleeping (8 hours). 

Walking in the neighborhood was also assessed using a slightly modified version of 

Giles-Corti et al.’s Neighborhood Physical Activity Questionnaire, a reliable and valid 

measure of walking in the neighborhood126. Test-retest reliability was reported to be strong 

(kappa=0.84, percent agreement = 94%)126. In the current study, questions about days per 

week and minutes per day of walking in the neighborhood were modified to ask about 

walking during the last 7 days, rather than usual activity, to be more comparable to the IPAQ 

walking questions. Analyses of the IPAQ have shown that reliability and validity estimates 

are comparable for the “usual week” and “7 days” versions124. A separate question also 

assessed how many minutes per day a woman walked in her neighborhood on a typical day.  
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Assessment of obesity-specific quality of life 

Obesity-specific quality of life was measured using the Obesity and Weight Loss 

Quality of Life (OWLQOL) Questionnaire127, 128, a 17-item self-administered questionnaire 

developed cross-culturally based on Maslow’s theory of human needs129. All items address 

unobservable but fundamental needs such as freedom from stigma and attainment of 

culturally-appropriate goals. For example, the OWLQOL asks the degree to which weight 

affects respondent’s energy. Reliability and validity are well-established and have exceeded 

recommended minimum values within obese populations130. The Guttman-Cronbach’s % of 

0.96, indicates high internal consistency, and factor analyses supports a single factor130. The 

overall OWLQOL score, the primary outcome measure, was calculated and used in 

continuous form after log-transformation to reduce skewness for analyses; the values were 

then back-transformed for presentation.  

Assessment of demographic and health factors 

During the screening interview, participants reported information on ethnicity (NHW, 

Hispanic) and highest level of education completed (less than high school (HS), HS graduate 

or equivalent, some college, bachelor’s degree, graduate or professional degree). If screening 

data were not available for these variables, baseline survey responses were substituted (n=15, 

1.4% for ethnicity; n=118, 11.3% for race; and n=14, 1.3% for education) in the analysis. No 

participant lacked information on ethnicity, since it was an important factor in defining the 

eligible cohort. Data on additional demographic factors were collected in the baseline survey 

and included date of birth (from which age was calculated), country of birth, and primary 

language spoken. A combined ethnicity/acculturation variable was defined and referred to in 
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this paper as a woman’s ethnicity and “acculturation” status, which was defined by primary 

language spoken in the home (English, Spanish); resulting categories for this 

ethnicity/acculturation variable were as follows: NHW women, English-speaking Hispanic 

women, and Spanish-speaking Hispanic women. 

Health and dietary behaviors were also collected in the baseline survey. Participants 

were asked whether or not they had smoked at least 100 cigarettes in their lifetime. Dietary 

factors such as servings of fruits and vegetables per day, fast food meals per month, 

frequency of consuming soft drinks (diet or regular), and frequency of eating while engaging 

in another activity (e.g. watching television, working) were also assessed. Body Mass Index 

(BMI, kg/m2) was calculated using height and weight measured in the home with a calibrated 

study stadiometer and scale. 

Statistical analyses  

Linear regression was used to estimate regression coefficients and 95% confidence 

intervals (CIs) between each of the continuous physical activity variables and continuous, 

log-transformed OWLQOL score. The interpretation of regression results that use a log-

transformed outcome is that a particular unit change in the predictor is associated with a 

particular unit change in the geometric mean of the outcome, where the geometric mean is 

simply the mean of a log-transformed variable. Regression results using this method are 

hereafter referred to as the linear effect estimate. The interquartile range (IQR) for each 

physical activity predictor was calculated for the overall study sample (NHWs and Hispanics 

combined), and regression results are presented as the back-transformed version of the 
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product between the beta coefficient and the IQR, with similar calculations conducted for the 

lower and upper CI limits.  

Multiple imputation (m=20) using iterative Markov chain Monte Carlo methods was 

employed to impute values for missing physical activity and sedentary time variables based 

on models that included OWLQOL score and all aforementioned covariates; this method has 

been shown to be less biased than complete case analysis approaches131. Missingness was 

most problematic for Spanish-speaking Hispanic women, and ranged from 1.8% to 21.7% 

depending on the physical activity measure of interest (Supplementary Table 1). Missingness 

in physical activity and sedentary time variables was not assumed to be Missing Completely 

at Random (MCAR), but was assumed to be Missing at Random (MAR) given that 

missingness was associated with factors such as Hispanic ethnicity, education, and primary 

language spoken. Similar observations and decisions have been noted in at least one other 

study132. Imputation accounted for factors observed to be associated with missingness. We 

acknowledge that this is an assumption that inherently presumes no additional selection bias 

impacted missing data.  

Age (continuous) and education (less than high school, high school graduate or 

equivalent, some college or associates degree, bachelor’s degree, graduate or professional 

degree) were considered a priori confounders. Additional covariates, which were selected 

based on factors associated with both physical activity and quality of life in the literature, 

were then tested in groups for significant (Wald p<0.05) contribution to the a priori model 

between Godin score and log-transformed, continuous OWLQOL score using a multiply 

imputed data post-estimation F-test. Variables were clustered according to the following 



 

50 

groups: 1) additional demographic variables: marital status (never married, divorced or 

separated, widowed or presently married, or living in a marriage-like relationship) and 

household income (<$25,000, $25,000-$49,999, $50,000-$74,999, $75,000-$99,999, 

$100,000+, don’t know); 2) dietary behaviors: servings of fruits and vegetables (<1, 1-2, 3-4, 

5+), fast food meals per month (zero, 1-4, 5-9, 10+), frequency of drinking regular or diet 

soft drinks/soda (never, less than once a week, about once a week, 2-5 times per week, about 

once a day, 2+ times a day), and eating while doing another activity (never, seldom, 

sometimes, most of the time/always); and 3) smoking history: smoked 100 cigarettes in 

lifetime (yes, no). BMI was also considered a covariate in the final model. Main analyses 

were conducted as follows: 1) adjusted for a priori demographic covariates (Model 1); 2) 

Model 1 additionally adjust for dietary behavior covariates found to be significant additions 

to Model 1; 3) Model 1 plus BMI; and 4) Model 1 plus significant dietary predictors and 

BMI. 

In exploratory analyses, effect modification was investigated using a Wald test to test 

the coefficient of a multiplicative term between categorical Godin score (the primary 

physical activity predictor) and ethnicity/acculturation in a univariate model (not adjusting 

for covariates). A likelihood ratio test was not used given that physical activity values were 

imputed prior to testing for effect modification and running analyses, and the use of 

likelihood estimation in a multiple imputation setting does not have clear interpretation133. 

Analyses were restricted to women with complete information on OWLQOL score and 

ethnicity/acculturation (n=969) and were conducted separately for NHW women (n=498), 

English-speaking Hispanic women (n=79), and Spanish-speaking Hispanic women (n=392), 
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since ethnicity/acculturation modified the association between categorical Godin score and 

continuous, log-transformed OWLQOL score. 

 All statistical tests were two-sided. Statistical analyses were conducted using 

Stata/IC (version 11.0; StataCorp LP, College Station, TX). 

Results 

Demographic information and behavioral and health characteristics for the 969 

women with complete information for an Obesity and Weight Loss Quality of Life 

(OWLQOL) score, primary language spoken, and at least one measure of reported physical 

activity prior to imputation, are shown in Table 1. All results are presented separately for 

NHW women, English-speaking Hispanic women, and Spanish-speaking Hispanic women 

since ethnicity/acculturation modified the association between categorical Godin leisure time 

exercise score and continuous, log-transformed OWLQOL score (Wald test: p=0.031. Non-

Hispanic White (NHW) women had more years of education and higher household incomes 

compared to Hispanic women (Table 1). NHW women were primarily born in the United 

States, whereas Spanish-speaking Hispanic women were primarily born in Mexico; similarly, 

the proportion of English-speaking Hispanic women born in the US was higher than that for 

English-speaking Hispanic women born in Mexico. A lower proportion of Spanish-speaking 

Hispanic women than NHW women had smoked 100 cigarettes and a higher proportion were 

overweight or obese. Godin leisure-time exercise scores and walking were similar between 

NHW and English-speaking Hispanic women, but NHW women reported greater sitting 

time.  
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Table 2 displays the results of each of the Godin physical activity predictors (after 

imputation) and their relation to OWLQOL score. Godin score was positively associated with 

OWLQOL score in both NHW women and English-speaking Hispanic women when 

controlling for age and education. Comparing two NHW women in adjacent categories of 

ordinal Godin score (<14, 14-23, and >23 units), women who performed activity consistent 

with a higher category had a 12% higher linear effect estimate of OWLQOL score (95% CI: 

5%, 20%; p=0.001) than women who performed activity consistent at one category lower. 

However, this significant association disappeared when additionally adjusting for either BMI 

or dietary behaviors. Similarly, comparing two English-speaking Hispanic women in 

adjacent categories of ordinal Godin score as above, women who performed activity 

consistent with a higher category had a 22% higher linear effect estimate of OWLQOL score 

(95% CI: 7%, 39%; p=0.004) than the women who performed activity consistent at one 

category lower; unlike NHW, this association persisted when additionally adjusting for BMI 

or dietary behaviors. For Spanish speaking women, only frequency of engaging in sweat-

inducing activity was associated with OWLQOL score when adjusting for age and education; 

comparing two women engaging in sweat-inducing exercise “often” compared to 

“sometimes”, or “sometimes” compared to “never/rarely”, the woman with a higher 

frequency of sweat-inducing had a linear effect estimate of OWLQOL score that was 10% 

higher (95% CI: 2%, 19%; p=0.010) than that for the women engaging in sweat-inducing 

exercise less often. This association was independent of BMI but not independent of dietary 

behaviors. 
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Table 3 displays the results of walking and sedentary time predictors (after 

imputation) and their relation to OWLQOL score. Minutes of neighborhood walking in a 

typical day was not associated with OWLQOL score in NHW women, but was positively 

associated with OWLQOL score in English-speaking Hispanic women; an additional 25 

minutes of neighborhood walking per day was associated with a 12% higher OWLQOL 

linear effect estimate (95% CI: 1%, 24%; p=0.040). This association persisted when 

adjusting for BMI but disappeared when adjusting for dietary behaviors.  

Weekday sedentary time was negatively associated with OWLQOL score among 

NHW women when controlling for age and education; an additional 300 minutes (5 hours) of 

sedentary time per weekday was associated with a 9% lower linear effect estimate (95% CI: 

2%, 16%; p=0.019) for NHW women. Weekend sedentary time was negatively associated 

with OWLQOL score among both NHW women and English-speaking Hispanic women 

when controlling for age and education; an additional 180 minutes (3 hours) of weekend day 

sitting time was associated with a linear effect estimate that was 10% lower (95% CI: 5%, 

15%; p<0.001) for NHW women and 13% lower (95% CI: 1%, 24%; p=0.039) for English-

speaking Hispanic women. However, the only significant association that was independent of 

dietary behaviors was that observed within NHW women, and significant associations 

disappeared when adjusting for BMI. 

Among Spanish-speaking Hispanic women, total walking and neighborhood walking 

were not significant predictors of OWLQOL score in models that only adjusted for age and 

education. When further adjusting only for BMI, weekly neighborhood walking time 

(p=0.045), typical daily neighborhood walking time (p=0.035), weekday sedentary time 



 

54 

(p=0.022), and weekend sedentary time (p=0.016) became statistically significant. For 

example, daily neighborhood walking was positively associated with OWLQOL score when 

controlling for age, education, and BMI; an additional 25 minutes of daily neighborhood 

walking was associated with a 5% higher linear effect estimate for OWLQOL score (95% CI: 

0%, 10%; p=0.035) within Spanish-speaking Hispanic women. However, these significant 

associations disappeared when further adjusting for dietary behaviors. 

Discussion  

In this study of 969 women in the SESO Study, higher levels of physical activity and 

lower levels of sedentary time were associated with higher obesity-specific quality of life 

independent of age and education. These associations were stronger among Non-Hispanic 

White (NHW) women and English-speaking Hispanic women than among Spanish-speaking 

Hispanic women. For Godin measures of physical activity, associations in NHW largely 

disappeared when adjusting for body mass index (BMI), associations in Spanish-speaking 

women largely disappeared when adjusting for dietary predictors, and associations in 

English-speaking Hispanic women persisted independent of both dietary behaviors and BMI. 

Similarly, any associations for walking or sedentary time were diminished when adjusting for 

dietary behaviors or BMI. The results presented demonstrate that while physical activity and 

reduced sedentary time are likely important correlates of higher quality of life, much of the 

inverse association, if causal, may operate through BMI for NHW women; in contrast, there 

may be a residual association between physical activity and higher quality of life for English-

speaking Hispanic women that is independent of BMI and dietary behaviors. 
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Previous studies examining physical activity and quality of life have either not 

examined obesity-specific quality of life or have not investigated potential ethnic and 

acculturation differences in associations. This study contributes important information about 

how the associations between physical activity or sedentary behavior and obesity-specific 

quality of life differ based on combined ethnicity/acculturation. Furthermore, the data 

presented here provide support for the contention that any association of physical activity is 

accounted for by BMI among NHW women, but not necessarily among Hispanic women. 

Results from this study are similar to those of Luncheon and Zack(2011)115 who 

examined ethnic differences in the relationship between physical activity and generic health-

related QoL and found that physical activity was associated more with measures of unhealthy 

days in White women compared to Latinas; however, their study showed that the association 

of physical activity with measures of quality of life after adjustment for BMI, whereas in the 

present study, this was largely only true for English-speaking Hispanic women. In addition, 

the present study reported formal interaction test results, whereas Luncheon and Zack115 did 

not. 

This study has several strengths. It is the first study to assess how activity is related to 

obesity-specific quality of life in a large cohort study of both NHW and Hispanic women. 

The large number of women in the study allowed for investigation of differences in 

associations based on a measure that combines ethnicity/ and acculturation (combined 

ethnicity and primary language spoken). By using a number of various physical activity 

measures, the baseline survey was able to capture associations with a range of activities, 

including sweat-inducing activities, walking (both total walking and neighborhood walking), 
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and sitting behavior. 

Nonetheless, this study has several limitations. Physical activity in the current study 

was assessed by self-report survey data and is thus subject to reporting error; on the other 

hand, physical activity questions included in the surveys were well-validated118, 124, 126. 

Missingness was high for some physical activity measures, particularly for Spanish-speaking 

Hispanic women; however, multiple imputation was used, and sensitivity analyses revealed 

that results from multiply-imputed data models were similar to those without imputation that 

excluded women with missing data. This study did not assess occupational or household 

physical activity, which could be important determinants of total energy expenditure28, 52. 

Data are cross-sectional, limiting our ability to draw inferences about causality. Finally, it 

should be noted that findings are restricted to women, and should not be generalized to men.    

In summary, physical activity appears to be positively associated with obesity-

specific quality of life independent of age and education. This association is strongest in 

NHW women, but disappears when adjusting for BMI, perhaps speaking to the importance of 

body image among NHW women. On the other hand, for English-speaking Hispanic women, 

physical activity is positively associated with quality of life independent of BMI and dietary 

behaviors, perhaps due to mechanisms not involving actual weight or obesity status. In order 

to better understand the mechanisms behind improved obesity-specific quality of life, 

longitudinal analyses are needed to assess whether increasing physical activity levels and 

reducing sedentary time can be used to increase obesity-specific quality of life, particularly 

among Non-Hispanic Whites and Hispanics. 
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Tables 
 
Table 6. SESO Table 1. Baseline characteristics for 969 women in the SESO Study with 
data on ethnicity/acculturation, at least one measure of reported physical activity (prior to 
imputation), and a measure of Obesity and Weight Loss Quality of Life (OWLQOL)  

  
Non-

Hispanic 
White 
women 
N=498 

English-
speaking 
Hispanic 
women 
N=79 

Spanish-
speaking 
Hispanic  
women 
N=392 

  
N (%)a 

 
N (%)a 

 
N (%)a 

Education (highest level completed) 
     Less than high school 
     High school graduate or equivalent 
     Some college / associates degree 
     Bachelor’s degree 
     Graduate or professional degree 
 

 
10 (2.0) 
94 (18.9) 

146 (29.3) 
146 (29.3) 
102 (20.5) 

 

6 (7.6) 
19 (24.1) 
29 (36.7) 
18 (22.8) 
7 (8.9) 

 
228 (58.2) 
100 (25.5) 
35 (8.9) 
27 (6.9) 
2 (0.50) 

 
Annual household income 
     <$25,000                
     $25,000-$49,999 
     $50,000-$74,999 
     $75,000-$99,999 
     $100,000+ 
     Don’t know 
                                           

83 (16.9) 
89 (18.1) 

101 (20.5) 
89 (18.1) 

114 (23.2) 
16 (3.3) 

16 (21.3) 
15 (20.0) 
21 (28.0) 
11 (14.7) 
7 (9.3) 
5 (6.7) 

168 (45.8) 
120 (32.7) 
17 (4.6) 
2 (0.54) 
2 (0.27) 
59 (16.1) 

Marital status 
     Never married                
     Divorced or separated 
     Presently married or widowed  
     Living in a marriage-like relationship 
                                         

80 (16.1) 
60 (12.1) 

292 (58.9) 
64 (12.9) 

14 (18.0) 
11 (14.1) 
43 (55.1) 
10 (12.8) 

30 (7.7) 
46 (11.8) 

244 (62.4) 
71 (18.2) 

Country of birth 
     United States 
     Mexico 
     Other 
 

473 (95.0) 
1 (0.2) 

24 (4.8) 

55 (69.6) 
14 (17.7) 
10 (12.7) 

8 (2.1) 
314 (84.2) 
51 (34.7) 

Smoked at least 100 cigarettes in lifetime 
     No 
     Yes 

 
248 (50.2) 
246 (49.8) 

 
 

40 (51.3) 
38 (48.7) 

 

324 (87.1) 
48 (12.9) 
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Servings of fruits and vegetables per day 
     <1       
     1-2 
     3-4 
     5+ 

 
4 (0.8) 

153 (30.9) 
208 (42.0) 
130 (26.3) 

 
0 (0.0) 

29 (36.7) 
35 (44.3) 
15 (19.0) 

 
9 (2.4) 

206 (54.2) 
118 (31.1) 
47 (12.4) 

Fast food meals per month 
     Zero 
     1-4 
     5-9 
     10+ 
 

178 (36.0) 
238 (48.1) 
44 (8.9) 
35 (7.1) 

23 (30.0) 
38 (49.4) 
11 (14.3) 
5 (6.5) 

 
49 (13.4) 

262 (71.4) 
32 (8.7) 
24 (6.5) 

Frequency of drinking soft drinks/soda      
(regular or diet) 
     Never  
     Less than once a week 
     About once a week 
     2-5 times per week 
     About once a day 
     2+ times per day 

 
97 (19.5) 

172 (34.6) 
53 (10.7) 
66 (13.2) 
56 (11.3) 
53 (10.7) 

 
12 (15.4) 
23 (29.5) 
12 (15.4) 
17 (21.8) 
6 (7.7) 

8 (10.3) 

 
 

42 (11.1) 
86 (22.6) 
98 (25.8) 
74 (19.5) 
53 (14.0) 
27 (7.1) 

 
Frequency of eating while doing another 
activity 
     Never       
     Seldom 
     Sometimes 
     Most of the time / always 
 

 
10 (2.0) 
73 (14.7) 

216 (43.6) 
197 (39.7) 

 
4 (5.1) 

15 (19.0) 
36 (45.6) 
24 (30.4) 

 
50 (13.3) 

117 (31.2) 
147 (39.2) 
61 (16.3) 

BMI (kg/m2) 
     <25.0  
     25.0-29.9  
     >30.0  
 

188 (37.8) 
112 (22.5) 
197 (39.6) 

15 (19.0) 
26 (32.9) 
38 (48.1) 

 
46 (11.8) 

153 (39.2) 
191 (49.0) 

Godin leisure-time exercise score b 
     <14 units (<7 kcal/kg/week) 
     14-23 units (7-13.9 kcal/kg/week) 
     >23 units (>14 kcal/kg/week) 
 

114 (23.7) 
107 (22.2) 
261 (54.2) 

19 (26.0) 
11 (15.1) 
43 (58.9) 

124 (38.5) 
66 (20.5) 

132 (41.0) 

Godin frequency of engaging in sweat-
inducing exercise b 
     Never/rarely 
     Sometimes 
     Often 
 

 
143 (29.1) 
244 (49.7) 
104 (21.2) 

 
20 (26.0) 
33 (42.9) 
24 (31.2) 

 
143 (37.1) 
170 (44.2) 
72 (18.7) 
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Median 
(IQR) 

 
Median 
(IQR) 

 
Median 
(IQR) 

Age (years) 39.1 (10.5) 36.1 (7.6) 38.2 (9.0) 

Godin leisure-time exercise score b 24.0 (27.0) 30.0 (26.0) 15.0 (28.0) 
Minutes per week of total walking in past 
7 days b 140.0 (315.0) 202.5 (320.0) 140.0 (420.0) 

Minutes per week of neighborhood 
walking in past 7 days b 20 (100.0) 27.5 (127.5) 60.0 (122.5) 

Minutes per day of neighborhood walking 
in a typical day b 0.0 (20.0) 0.0 (20.0) 15.0 (30.0) 

Minutes per day of weekday sitting in past 
7 days b 390.0 (360.0) 345.0 (240.0) 180.0 (210.0) 

Minutes per day of weekend day sitting in 
past 7 days b 300.0 (276.0) 240.0 (180.0) 210.0 (180.0) 

Obesity and Weight Loss Quality of Life 
(OWLQOL) score 63.2 (33.3) 59.8 (32.4) 65.6 (31.4) 

BMI (kg/m2) 27.4 (11.4) 29.7 (9.7) 29.9 (7.7) 
    
a N’s may not sum to 969 due to missing data, %’s may not sum to 100% due to rounding 
b N’s and %’s do not take into account imputed values, as imputation and regression analyses 
occurred simultaneously (see Tables 2 and 3) 
IQR = Interquartile Range; BMI: Body Mass Index
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Table 7. SESO Table 2. Multivariate linear regression results for associations between 
Godin physical activity measures (imputed values included) and Obesity and Weight 
Loss Quality of Life (OWLQOL) score among 969 women in the SESO Study with data 
on ethnicity/acculturation, at least one measure of reported physical activity, and an 
OWLQOL score 

 Godin leisure-time 
exercise score 
(continuous) a 

Godin leisure-time 
exercise score  

(ordinal categories: 
<14 units, 14-23 

units, >23 units) b 

Godin frequency of 
engaging in sweat-
inducing exercise 

(ordinal categories: 
never/rarely, 

sometimes, often) b 

Non-Hispanic White 
(NHW) women (N=498)    

Model 1 (adjusted for a      
priori demographic 

variables) c 

1.09 
(1.01, 1.17) 

n=494 

1.12 
(1.05, 1.20) 

n=494 

1.13 
(1.04, 1.22) 

n=496 

Model 2 (adjusted for a 
priori demographic 

variables and dietary 
behaviors) d 

1.03 
(0.95, 1.10) 

N=487 

1.06 
(0.99, 1.12) 

N=487 

1.07 
(0.99, 1.16) 

N=487 

Model 3 (adjusted for a 
priori demographic 

variables and BMI) e 

1.18 
(0.81, 1.71) 

n=493 

1.05 
(0.99, 1.10) 

n=493 

1.07 
(1.01, 1.14) 

n=495 

Model 4 (adjusted for a 
priori demographic 
variables, dietary 

behaviors, and BMI) f 

0.97 
(0.66, 1.42) 

n=486 

1.02 
(0.96, 1.07) 

n=486 

1.05 
(0.98, 1.12) 

n=486 

English-speaking 
Hispanic women (N=79)    

Model 1 (adjusted for a      
priori demographic 

variables) c 

1.16 
(1.01, 1.33) 

n=79 

1.22 
(1.07, 1.39) 

n=79 

1.18 
(1.01, 1.38) 

n=79 

Model 2 (adjusted for a 
priori demographic 

variables and dietary 
behaviors) d 

1.11 
(0.97, 1.27) 

N=67 

1.16 
(1.02, 1.32) 

N=76 

1.12 
(0.95, 1.31) 

N=76 

Model 3 (adjusted for a 
priori demographic 

variables and BMI) e 

1.99 
(0.84, 4.70) 

N=79 

1.18 
(1.04, 1.33) 

N=79 

1.15 
(0.99, 1.33) 

n=79 
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Model 4 (adjusted for a 
priori demographic 
variables, dietary 

behaviors, and BMI) f 

1.65 
(0.72, 3.73) 

n=76 

1.14 
(1.01, 1.29) 

n=76 

1.08 
(0.93, 1.26) 

n=76 

Spanish-speaking 
Hispanic women (N=392)    

Model 1 (adjusted for a      
priori demographic 

variables) c 

1.06 
(0.98, 1.14) 

n=359 

1.04 
(0.97, 1.10) 

n=359 

1.10 
(1.02, 1.19) 

n=388 

Model 2 (adjusted for a 
priori demographic 

variables and dietary 
behaviors) d 

0.99 
(0.91, 1.09) 

N=327 

1.00 
(0.93, 1.07) 

N=327 

1.07 
(0.99, 1.16) 

N=341 

Model 3 (adjusted for a 
priori demographic 

variables and BMI) e 

1.34 
(0.82, 2.18) 

n=359 

1.04 
(0.98, 1.11) 

n=359 

1.10 
(1.03, 1.17) 

n=386 

Model 4 (adjusted for a 
priori demographic 
variables, dietary 

behaviors, and BMI) f 

0.96 
(0.59, 1.57) 

n=327 

1.01 
(0.94, 1.07) 

n=327 

1.07 
(0.99, 1.15) 

n=340 

BMI: Body Mass Index 
a Associations for continuous Godin score are presented as the exponentiated (back-
transformed) version of the product of the slope (beta coefficient) and the interquartile range 
(IRQ) (IQR=28) 
b Associations for categorical predictors are presented as the exponentiated (back-
transformed) slope (beta coefficient).  
c Adjusted for age and education; N’s may not sum to 988 due to missing data on covariates 
other than physical activity (post-imputation) or OWLQOL score. 
d Adjusted for age, education, and dietary behaviors (servings of fruits and vegetables per 
day, fast food meals per month, frequency of soda consumption, and frequency of eating 
while doing another activity); N’s may not sum to 988 due to missing data on covariates 
other than physical activity (post-imputation) or OWLQOL score. 
e Adjusted for age, education, and BMI (continuous); N’s may not sum to 988 due to missing 
data on covariates other than physical activity (post-imputation) or OWLQOL score. 
f Adjusted for age, education, dietary behaviors (servings of fruits and vegetables per day, 
fast food meals per month, frequency of soda consumption, and frequency of eating while 
doing another activity), and BMI (continuous); N’s may not sum to 988 due to missing data 
on covariates other than physical activity (post-imputation) or OWLQOL score. 
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Table 8. SESO Table 3. Multivariate linear regression results for associations between walking and sitting measures (imputed 
values included) and Obesity and Weight Loss Quality of Life (OWLQOL) score among 969 women in the SESO Study with 
data on ethnicity/acculturation, at least one measure of reported physical activity, and an OWLQOL score 

 Minutes per week 
of total walking a 

Minutes per week 
of neighborhood 

walking a 

Minutes per day 
of neighborhood 

walking in a 
typical day a 

Minutes per day 
of weekday  

sitting a 

Minutes per day 
of weekend day 

sitting a 

Non-Hispanic White 
(NHW) women (N=498)    

  

Model 1 (adjusted for a 
priori demographic 

variables) b 

1.02 
(0.98, 1.06) 

n=496 

1.02 
(0.97, 1.06) 

n=496 

1.04 
(0.98, 1.11) 

n=495 

0.91 
(0.84, 0.98) 

n=494 

0.90 
(0.85, 0.95) 

n=494 

Model 2 (adjusted for a 
priori demographic 

variables and dietary 
behaviors) c 

1.01 
(0.97, 1.05) 

N=487 

1.00 
(0.94, 1.05) 

N=487 

1.01 
(0.95, 1.07) 

N=486 

0.96 
(0.88, 1.04) 

N=486 

0.93 
(0.88, 0.98) 

N=486 

Model 3 (adjusted for a 
priori demographic 

variables and BMI) d 

1.01 
(0.98, 1.04) 

n=495 

1.01 
(0.98, 1.05) 

n=495 

1.03 
(0.98, 1.09) 

n=494 

0.98 
(0.92, 1.05) 

n=493 

0.98 
(0.93, 1.02) 

n=493 

Model 4 (adjusted for a 
priori demographic 

variables, dietary behaviors, 
and BMI) e 

1.00 
(0.97, 1.03) 

n=486 

1.01 
(0.97, 1.04) 

n=486 

1.01 
(0.96, 1.07) 

n=485 

1.01 
(0.94, 1.08) 

n=485 

0.99 
(0.95, 1.04) 

n=485 
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English-speaking Hispanic 
women (N=79) 
 

Model 1 (adjusted for a 
priori demographic 

variables) b 

1.04 
(0.95, 1.13) 

n=79 

1.08 
(1.00, 1.17) 

n=78 

1.12 
(1.01, 1.24) 

n=79 

0.90 
(0.73, 1.11) 

n=78 

0.87 
(0.76, 0.99) 

n=78 

Model 2 (adjusted for a 
priori demographic 

variables and dietary 
behaviors) c 

1.03 
(0.95, 1.12) 

n=76 

1.06 
(0.98, 1.14) 

n=75 

1.07 
(0.97, 1.19) 

n=76 

0.94 
(0.78, 1.14) 

n=76 

0.93 
(0.81, 1.05) 

n=76 

Model 3 (adjusted for a 
priori demographic 

variables and BMI) e 

1.02 
(0.94, 1.11) 

n=79 

1.07 
(1.00, 1.16) 

n=78 

1.11 
(1.00, 1.22) 

n=79 

0.93 
(0.77, 1.13) 

n=78 

0.90 
(0.80, 1.03) 

n=78 

Model 4 (adjusted for a 
priori demographic 

variables, dietary behaviors, 
and BMI) d 

1.02 
(0.94, 1.10) 

n=76 

1.05 
(0.98, 1.13) 

n=75 

1.07 
(0.98, 1.18) 

n=76 

0.95 
(0.80, 1.14) 

n=76 

0.97 
(0.86, 1.09) 

n=76 

Spanish-speaking Hispanic 
women (N=392)    

  

Model 1 (adjusted for a 
priori demographic 

variables) b 

1.00 
(0.97, 1.02) 

n=375 

1.02 
(0.98, 1.07) 

n=370 

1.02 
(0.96, 1.08) 

n=370 

0.93 
(0.86, 1.01) 

n=369 

0.95 
(0.89, 1.00) 

n=370 

Model 2 (adjusted for a 
priori demographic 

variables and dietary 
behaviors) c 

0.99 
(0.96, 1.02) 

n=336 

1.00 
(0.96, 1.05) 

n=329 

0.99 
(0.93, 1.05) 

n=334 

0.96 
(0.88, 1.04) 

n=334 

0.96 
(0.91, 1.02) 

n=335 
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Model 3 (adjusted for a 
priori demographic 

variables and BMI) d 

1.01 
(0.99, 1.03) 

n=373 

1.04 
(1.00, 1.08) 

n=368 

1.05 
(1.00, 1.10) 

n=368 

0.92 
(0.86, 0.99) 

n=367 

0.94 
(0.89, 0.99) 

n=370 

Model 4 (adjusted for a 
priori demographic 

variables, dietary behaviors, 
and BMI) e 

1.00 
(0.98, 1.03) 

n=335 

1.02 
(0.98, 1.06) 

n=328 

1.00 
(0.95, 1.06) 

n=329 

0.94 
(0.88, 1.01) 

n=333 

0.95 
(0.90, 1.00) 

n=334 

BMI: Body Mass Index 
a Associations for continuous predictors are presented as the exponentiated (back-transformed) version of the product of the slope 
(beta coefficient) and the interquartile range (IRQ) for each predictor: minutes per week of total walking (IQR=360), minutes per 
week of neighborhood walking (IQR=110), minutes per day of neighborhood walking on a typical day (IQR=25), minutes per day of 
weekday sitting (IQR=300), and minutes per day of weekend day sitting (IQR=180).  
b Adjusted for age and education; N’s may not sum to 988 due to missing data on covariates other than physical activity (post-
imputation) or OWLQOL score. 
c Adjusted for age, education, and dietary behaviors (servings of fruits and vegetables per day, fast food meals per month, frequency of 
soda consumption, and frequency of eating while doing another activity); N’s may not sum to 988 due to missing data on covariates 
other than physical activity (post-imputation) or OWLQOL score. 
d Adjusted for age, education, and BMI (continuous); N’s may not sum to 988 due to missing data on covariates other than physical 
activity (post-imputation) or OWLQOL score. 
e Adjusted for age, education, dietary behaviors (servings of fruits and vegetables per day, fast food meals per month, frequency of 
soda consumption, and frequency of eating while doing another activity), and BMI (continuous); N’s may not sum to 988 due to 
missing data on covariates other than physical activity (post-imputation) or OWLQOL score. 
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Table 9. SESO Supplementary Table 1. Missingness (N’s and %’s) in physical activity 
measures by ethnicity/acculturation  

  
Non-

Hispanic 
White 
women 
N=498 

English-
speaking 
Hispanic 
women 
N=79 

Spanish-
speaking 
Hispanic  
women 
N=392 

Physical activity measure N (%) N (%) N (%) 

Godin leisure-time exercise score (both 
continuous and categorical versions) 16 (3.2) 6 (7.8) 70 (17.9) 

Godin frequency of engaging in sweat-
inducing exercise (ordinal categories: 
Never/rarely, Sometimes, Often) 

7 (1.4) 2 (2.5) 7 (1.8) 

Minutes per week of total walking 17 (3.4) 6 (7.6) 55 (14.0) 

Minutes per week of neighborhood 
walking 

 
22 (4.4) 

 
3 (3.8) 57 (14.5) 

Minutes per day of neighborhood walking 
in a typical day 16 (3.2) 2 (2.5) 85 (21.7) 

Minutes per day of weekday sitting 7 (1.4) 5 (6.3) 33 (8.4) 

Minutes per day of weekend day sitting 5 (1.0) 5 (6.3) 31 (7.9) 
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Appendix A: California Teachers Study (CTS) 
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Appendix B: Vitamins And Lifestyle (VITAL) Study 
Questionnaire 
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Appendix C: Longitudinal Study of Women’s Health 
(LSWH) Questionnaire  
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