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Abstract

Although underweight and obesity have been associated with increased risk of mortality, it
remains unclear whether the associations differ by hormone therapy (HT) use and smoking. The
authors examined the relationship between body mass index (BMI) and mortality within the
California Teachers Study (CTS), specifically considering the impact of hormone therapy (HT)
and smoking. The authors examined the associations of underweight and obesity with risks of all-
cause and cause-specific mortality, among 115,433 women participating in the CTS, and
specifically examined whether HT use or smoking modifies the effects of obesity. Multivariable
Cox proportional hazards regression provided estimates of relative risks (RRs) and 95%
confidence intervals (Cls). During follow up, 10,574 deaths occurred. All-cause mortality was
increased for underweight (BMI < 18.5; adjusted relative risk [RR] = 1.33, 95% confidence
interval [C1] =1.20-1.47) and obese participants (BMI > 30: RR = 1.27, 95% CI = 1.19-1.37)
relative to BMI of 18.5 — 24.9). Respiratory disease mortality was increased for underweight and
obese participants. Death from any cancer, and breast cancer specifically, and cardiovascular
disease was observed only for obese participants. The obesity and mortality association remained
after stratification on HT and smoking. Obese participants remained at greater risk for mortality
after stratification on menopausal hormone therapy and smoking. Obesity was associated with
increased all-cause mortality, as well as death from any cancer (including breast), and
cardiovascular and respiratory diseases. These findings help to identify groups at risk for BMI-
related poor health outcomes.

Introduction

The prevalence of obesity has been rising in the United States and other western countries,
as well as in developing nations 1=/, Previous population-based research has linked high
body mass index (BMI, kg/m?2), a measure of obesity, to all-cause mortality 814, as well as
death from all cancers combined 10 12.15-18 and cardiovascular disease

(CvD) 10.12,17,19-21 | ow BMI has been associated with deaths due to respiratory disease,
although this relationship is confounded by smoking-related morbidity 1°. BMI in adulthood
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and weight change throughout life have gender-specific effects on
mortality 2 6, 12-14,18, 22,23,

A recent collaborative cohort analysis of over 900,000 adults indicated that high BMI are
associated with statistically significant changes in blood pressure, lipoprotein levels, and
diabetes 10, Weight loss lowers blood pressure, decreases serum lipids, cholesterol, and
blood glucose 1, and the risk of vascular disease 24 25, Women with high BMI are at
increased risk of coronary heart disease 19 and colon cancer 26, and tend to have more
advanced stages of breast cancer at diagnosis 2’. Obesity is known to increase the risk of
reproductive cancers in women 28 possibly due to greater concentrations of free estradiol
and free testosterone in overweight and obese women 28, However, postmenopausal women
using menopausal hormone therapy (HT) have shown a reduction in all-cause mortality 2°.
Therefore, it is important to explicitly consider history of HT use, as well as potential
confounding factors when examining the association between BMI and mortality in women.

The aim of this paper is to investigate the relationship of BMI to all-cause and cause-specific
(CVD, any cancer, breast cancer, and respiratory disease) mortality in the California
Teachers Study (CTS). In addition we specifically looked at the impact of HT use and
smoking on the obesity and mortality relationships.

The CTS is a prospective cohort study of 133,479 female California public school teachers
and administrators who were enrolled in the California State Teachers Retirement System. A
detailed account of the methods employed by the CTS has been published elsewhere 39,
Participants completed a baseline questionnaire and returned it by mail during 1995-

1996 30, The baseline survey collected information on height, weight, history of oral
contraceptive use, HT use, reproductive history, co-morbidities (including diabetes, heart
attack, hypertension, stroke, and cancer) and family history of disease, as well as behavioral
factors such as physical activity, caloric intake, alcohol consumption, and smoking.
Institutional Review Board approval for the CTS was obtained from all participating
institutions.

Study Sample

Outcomes

CTS participants were excluded sequentially in this analysis if they did not report their
weight or height at baseline (n=6,235); if their BMI (kg/m?) value was implausibly low or
high (n=61); if they were older than 95 years at baseline (n=58); if they provided insufficient
dietary information (n=11,623); and if they asked to be included only in breast cancer
research (n=10). Participants who died within the first year of follow-up were also excluded
(n=59), since weight loss and underweight may have resulted from pre-existing illness. After
all exclusions, 115,433 participants remained eligible for this analysis.

Participants contributed person-years of follow-up from the date of baseline questionnaire
completion until the date of death or date of a censoring event (including date of a move
outside of the United States, date of a death due to accident or suicide, or the end of follow-
up on December 31, 2007). Deaths were identified via annual linkage with the State of
California mortality files, the Social Security Administration Death Master File and the
National Death Index. In this study we used cause of death information recorded on the
death certificates as follows: deaths from any cancer (International Classification of Disease
(ICD) codes: ICD-9 = 140-208, ICD-10 = C00-99.9, breast cancer (ICD-9=174,
ICD-10=C50), or respiratory disease (ICD-9=460-519, ICD-10=J00-98). Cancer, CVD, and
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respiratory illness were chosen because they are major groupings of possible causes of
death. Breast cancer was also included in this analysis because it is a particular focus of the
authors and the CTS in general.

For cause-specific mortality analyses, we excluded participants reporting a co-morbidity at
baseline (i.e., prevalent cases) relating to the cause of death in the analysis, in order to limit
survivor advantage of those cases. For CVD mortality, we excluded participants who
reported a diagnosis of heart attack, stroke, and/or high blood pressure at baseline (n=1,511).
For any cancer, we excluded participants reporting any cancer diagnosis at baseline
(n=12,318), while for breast cancer mortality we excluded participants who reported a breast
cancer diagnosis at baseline (n=5,500). For death due to respiratory illness, we did not
exclude any additional participants at baseline beyond those excluded for the all-cause
mortality analysis.

Independent variables

BMI at baseline was calculated from self-reported height and weight and was categorized
based on the World Health Organization classification 2 as <18.5 kg/m? (underweight),
18.5-24.9 kg/m? (normal weight), 25.0-29.9 kg/m? (overweight), and >30 kg/m? (obese).
Weight change from age 18 to baseline was classified into four groups: decrease of more
than 5 kg, no change (defined as +/— 5 kg), an increase of 5.1-10 kg, and >10 kg gain.

History of diabetes, hypertension, heart attack, and stroke, were obtained from self-report in
the baseline questionnaire and supplemented by diagnoses listed in California Office of
Statewide Health Planning and Development (OSHPD) hospital discharge records from
1991 until questionnaire completion 31. Prevalent cancer diagnoses were obtained from self-
report in the baseline questionnaire and supplemented by linkages with the California
Cancer Registry, which receives reports of over 99% of cancer diagnoses occurring in
California 32,

Detailed information on recreational physical activity was collected in the baseline
questionnaire. Physical activity was reported as the average number of hours per week of
strenuous or moderate exercise. Physical activity measures in the CTS have been further
described elsewhere 33,

Average daily percentage of calories from fat was determined from the food-frequency
portion of the baseline questionnaire 34, categorized into 4 groups: <25%, 25-29.9%, 30—
34.9%, and >35%. Participants were classified as never smokers, former smokers, current
smokers, or unknown smoking status. Alcohol use was based on the average number of
alcoholic drinks consumed per day, and grouped into three categories: none, <20 grams/day,
or >20 grams/day. Participants’ self-reported race/ethnicity was categorized as hon-Hispanic
white, African American, Hispanic/Latina, Native American, Asian/Pacific-Islander, or
other/unknown.

Participants were classified as either premenopausal or postmenopausal, with
perimenopausal participants included in the postmenopausal group. Participants were
classified as perimenopausal if they reported that their periods had stopped in the previous
six months. Participants were classified as postmenopausal if they: reported natural
menopause more than 6 months prior to baseline (n=34,147); had a bilateral oophorectomy
(n=11,597); were 56 years or older and did not report being premenopausal (n=7,523); or if
their periods had stopped due to other reasons including pituitary adenoma, medication,
chemotherapy, radiation treatment, or another reason (n=4,902). The criterion for classifying
women as menopausal at age 56 years or older, used in recent CTS analyses 3> 36, is based
on previous work indicating that among women with natural menopause 97% were
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postmenopausal by age 56 years 37. Postmenopausal participants were grouped according to
their HT use at baseline as never HT user, former user of any HT, current user of estrogen
only, current user of estrogen and progestin, or unknown hormone therapy use 2.

Statistical analyses

Results

Characteristics of participants at baseline were compared across the subgroups defined by
BMI at baseline (<18.5, 18.5-24.9, 25-29.9, >30 kg/m?) using the chi-square statistic.

Multivariable Cox proportional hazards regression models were used to estimate the hazard
rate ratio, a measurement of relative risk (RR), and 95% confidence intervals (CI) for the
association of BMI with all-cause and cause-specific mortality. All models used age at
cohort entry and age at death or censoring event as the time scale and were stratified by age
at cohort entry. Four models were fit to examine the association between BMI and all-cause
mortality. Model 1 was adjusted for race/ethnicity; Model 2 was additionally adjusted for
HT use); Model 3 was further adjusted for physical activity; Model 4 was additionally
adjusted for co-morbidities (including diabetes, hypertension, heart attack, stroke, and any
cancer), smoking status, alcohol consumption, and percent of daily calories from fat; and
Model 5 was further adjusted for weight change from age 18 to baseline. Finally, to examine
the impact of smoking history and use of menopausal hormone therapy on the relationship
between BMI and mortality (all-cause, and cause-specific) we stratified the analysis, using
Model 5, by smoking history (never, ever), and HT history (never, ever).

Cohort characteristics

The cohort consisted of 115,433 eligible women who were followed for 1,322,634 person-
years. Overall, 10,594 women died during the follow-up time period. Causes of death for
this study included any cancer (N=2,292); breast cancer (N=302); CVD (N=3,626); and
respiratory disease (N=946). The average age at baseline was 53.1 years (standard deviation
= 14.1 years).

Table 1 provides the age-adjusted distribution of several participant characteristics
according to BMI at baseline. Approximately 60% of participants with normal BMI (18.5-
24.9 kg/m?) at age 18 still had normal BMI at cohort entry. Approximately 80% of
participants who gained more than 10 kg since age 18 were overweight or obese at cohort
entry. Higher BMI was observed among African-American women (and Native American
women to a smaller extent), postmenopausal women (especially those who never used HT),
women reporting fewer than 3 hours per week of strenuous or moderate physical activity,
never drinkers of alcohol, never or former smokers, women with greater percentage of their
daily calories from fat, and women with one or more co-morbidities.

BMI and all-cause mortality

Risk for all-cause mortality was statistically significantly increased for underweight
participants (RR = 1.33, 95% CI = 1.20-1.47) and for obese participants (RR = 1.27, 95%
Cl =1.19-1.37) compared to normal weight participants after adjustment for age, race/
ethnicity, weight change from age 18 to baseline, physical activity, history of co-
morbidities, smoking status, alcohol consumption, HT, and percent daily calories from fat
(Model 5, Table 2). HT use (Table 2, Model 2 compared to Model 1) did not affect the
association between BMI and all-cause mortality for any BMI category. Overweight
participants did not significantly differ from normal weight participants with respect to all-
cause mortality.
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In a restricted model, we excluded participants who reported having had a defined co-
morbidity at baseline (diabetes, hypertension, heart attack, stroke, and cancer). Among the
71,144 remaining participants, the mortality risk estimate for underweight and for obese
participants (RR = 1.31, 95% CI = 1.09-1.58, and RR = 1.32, 95% CI = 1.15-1.53,
respectively) were only slightly attenuated (data not shown).

BMI and cause-specific mortality

Compared to normal weight participants, underweight participants were at increased risk of
death due to due to respiratory disease (RR = 1.79, 95% CI = 1.36-2.34) (Table 3). Obese
participants, compared to participants of normal weight, were at an increased risk of death
due to any cancer (RR =1.32, 95% CI = 1.14-1.53), breast cancer (RR =1.57, 95% CI =
1.07-2.31), CVD (RR =1.38, 95% CI = 1.22-1.55), and respiratory disease (RR =1.46, 95%
Cl =1.15-1.85).

After stratification by smoking status (Table 4), obese never smokers had increased risk of
all cause mortality (RR=1.32, 95% CI=1.21-1.45), any cancer (RR=1.48, 95% Cl=1.21-
1.82), and CVD (RR=1.50, 95% CI= 1.29-1.75) as compared to normal weight never
smokers; but for obese ever smokers only risk of all-cause mortality was statistically
significantly increased (RR=1.13, 95% Cl= 1.02-1.26) as compared to normal weight ever
smokers. Never smokers who were underweight were at increased risk for all-cause
mortality (RR =1.34, 95% CI = 1.17-1.54), and for CVD mortality (RR =1.34, 95% CI =
1.07-1.68), as compared to normal weight never smokers. For smokers, being underweight
was associated with risk only for all-cause mortality (RR=1.41, 95% CI = 1.21-1.65) and
respiratory disease mortality (RR = 2.22, 95% CI = 1.58-3.11). The analyses for
underweight smokers and non-smokers for any cancer and breast cancer were based on
small numbers.

After stratification by history of hormone therapy use (Table 5), obese never users of HT
had increased risk of all cause mortality (RR=1.27, 95% Cl=1.12-1.44), any cancer
(RR=1.38, 95% Cl=1.03-1.84), and CVD (RR=1.41, 95% Cl= 1.15-1.74) as compared to
normal weight never users. Obese HT users had statistically significantly increased risk of
all-cause mortality (RR=1.19, 95% CI= 1.08-1.32), and any cancer mortality (RR=1.23,
95% CI=1.00, 1.50), as compared to normal weight ever users. Never users of HT who were
underweight were at increased risk for all-cause mortality (RR =1.22, 95% CI = 1.02-1.47),
and for respiratory disease (RR =1.97, 95% CI = 1.27-3.07), as compared to normal weight
never users. For HT users, being underweight was associated with risk for all-cause
mortality (RR=1.47, 95% CI = 1.27-1.69) and respiratory disease mortality (RR = 1.90,
95% CI = 1.28-2.82).

Further stratification on current smoking status (former and current) or type of HT use
(estrogen-only and estrogen plus progestin) revealed similar associations, however the
division into more strata resulted in small numbers of events in several categories of BMI
(data not shown).

Discussion

Being underweight or obese was associated with an increased risk of all-cause mortality
among participants in the CTS. A similar U-shaped association of BMI with all-cause
mortality has been observed in other studies 8 10. 22, 38,39 Control of HT use in our
statistical models did not significantly alter the association between BMI and all-cause
mortality overall or among postmenopausal women. When we included weight change from
age 18 to baseline in our all-cause mortality analysis, the risk of death in obese participants
slightly increased above the level of the HT-adjusted model, but was not as high as in the
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unadjusted model. Obese participants also had an increased risk of death from any cancer
(including breast cancer), CVD, and respiratory disease; over weight participants (those with
BMI of 25-29.9) did not differ in mortality risk from normal weight participants;
underweight participants had increased risk of death due to respiratory disease.

A variety of biological mechanisms may be responsible for linking obesity with mortality. A
large prospective cohort study recently linked high BMI with high systolic blood pressure
and high lipoprotein levels 19, and several other studies have linked high BMI to vascular
disease 24 25,40, Obesity has also been linked to increased risk of cancer 26:41. 42, Strategies
to reduce obesity, such as through physical exercise, also have apparent anti-carcinogenic
effects by decreasing fat deposits, changing sex-hormone levels, improving immune
function, and/or reducing inflammation 43. Obesity in postmenopausal women is associated
with an increased risk of breast cancer 4+ 4° perhaps because overweight and obese
postmenopausal women have higher levels of circulating estrogens and androgens 4648,
Cancers of the endometrium, large intestine, pancreas, and kidney, have also been associated
with obesity, implicating a variety of biologic pathways in which body adiposity can impact
apoptosis and cell proliferation in target cells 10: 48, Beyond cancer risk, high BMI is a risk
factor for cancer mortality 1°. On the other hand, low BMI and decreased adiposity has been
implicated in increased mortality from respiratory illness (especially chronic obstructive
pulmonary disease or COPD) 4°.

We addressed smoking as a possible confounder by adjusting for smoking status in our
multivariate models. The CTS is largely a non-smoking cohort (only about 5% of
participants were current smokers at baseline and about 30% were former smokers), so the
adjustment had little impact on risk estimates. However, we did look at the effect of BMI on
mortality separately for smokers (current and former combined) and for never smokers. A
similar U-shaped all cause mortality curve for never smokers and smokers was found, likely
due to large number of former smokers in the smoking category. Moreover, we observed
that history or type of HT use did not modify risk of mortality among post-menopausal
women.

Limitations of the present study include possible misclassification of exposures collected by
self-report, including BMI at baseline and at age 18, smoking status, HT use, recreational
physical activity, nutritional intake, and co-morbid conditions. However, any
misclassification should be non-differential with respect to mortality outcomes because
these data were collected before the patients who died were even diagnosed with the
diseases of interest. A second limitation is that changes in BMI occurring after baseline, but
before death or end of follow-up were not available and BMI at baseline may not reflect
BMI at the time of diagnosis. Third, the CTS represents a sample of California women who
are public school professionals and may not be fully representative of women across the
United States. For example, the mean BMI in the CTS is slightly lower than that of a
comparable age and race-matched California population (24.8 versus 25.7 kg/m?,
respectively) and fewer CTS participants were current smokers compared to this same
population 30, Fourth, our co-morbidity variables are based on self-report at baseline and
diagnoses listed in California OSHPD hospital discharge records from 1991 through
baseline. Using the OSHPD data to supplement reported co-morbidities may miss the
diagnoses that did not require hospitalization. Fifth, cause of death may not be assigned in a
consistent manner across the cohort. Finally, some of the stratified analyses were based on
small numbers. Based on considerations of sample size in cohort studies by Breslow and
Day 29, we can detect relative risks of around 1.30 with significance level at 5% and power
at 80% in strata with about 200 events, indicating that all of our all-cause and cause-specific
analyses, and most of the smoking- and HT- stratified analyses are sufficiently powered.
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However, for less common outcomes such as breast cancer, some of the smoking- and HT-
stratified analyses may be underpowered in BMI categories with few events, thus formal
tests of interaction may also be underpowered. Nevertheless, the large and well-
characterized CTS cohort provided a resource of women in which BMI could be assessed in
relation to mortality after adjusting for potentially relevant confounding exposures including
HT, diet, smoking and alcohol use.

This analysis confirms an increased risk of all-cause mortality for underweight and obese
women in the CTS, that is independent of HT use and smoking history; further neither of
exposures served to modify the main effects of BMI on risk of dying. Low BMI was
associated with increased risk of death due to cancer and respiratory disease, while obesity
was associated with increased risk of death from all cancers combined, breast cancer, CVD,
respiratory disease, and diabetes. Further evaluation of modifiable risk factors contributing
to women’s BMI and risk of mortality from specific causes is warranted. This information
may help inform groups who are at risk for CVD, cancer, respiratory disease and diabetes
that may benefit from careful monitoring for these conditions as well as preventive
interventions. With increasing obesity in the United States we may begin to see diminishing
life expectancy in the future, further implicating obesity as a major contemporary public
health problem.

Acknowledgments

The authors would like to thank the California Teachers Study Steering Committee who are responsible for the
formation and maintenance of the cohort within which this study was conducted but who did not directly contribute
to the current paper: Ellen T. Chang, Christina A. Clarke, Dennis Deapen, Pamela L. Horn-Ross, James V. Lacey
Jr, David O. Nelson, Susan L. Neuhausen, Rich Pinder, Peggy Reynolds, Fredrick Schumacher, Daniel O. Stram,
Giske Ursin, and Sophia S. Wang.

Grant support: This work was supported by a National Cancer Institute grants [grant numbers R01 CA77398 and
RO1 CA 58860].The collection of cancer incidence data used in this study was supported by the California
Department of Health Services as part of the statewide cancer reporting program mandated by California Health
and Safety Code Section 103885; The ideas and opinions expressed herein are those of the authors. Endorsement by
the National Cancer Institute and the State of California, Department of Health Services, is not intended nor should
be inferred.

References

1. Clinical guidelines on the identification, evaluation, and treatment of overweight and obesity in
adults: executive summary. Expert Panel on the Identification, Evaluation, and Treatment of
Overweight in Adults. Am J Clin Nutr. 1998; 68:899-917. [PubMed: 9771869]

2. WHO. Global Database on Body Mass Index. Vol. vol. 2009. 2000. BMI Classification World
Health Organization.

3. Caballero B. The global epidemic of obesity: an overview. Epidemiol Rev. 2007; 29:1-5. [PubMed:
17569676]

4. Freedman DM, Ron E, Ballard-Barbash R, Doody MM, Linet MS. Body mass index and all-cause
mortality in a nationwide US cohort. Int J Obes (Lond). 2006; 30:822-829. [PubMed: 16404410]

5. Misra A, Misra R, Wijesuriya M, Banerjee D. The metabolic syndrome in South Asians: continuing
escalation & possible solutions. Indian J Med Res. 2007; 125:345-354. [PubMed: 17496360]

6. Wang Y, Lobstein T. Worldwide trends in childhood overweight and obesity. Int J Pediatr Obes.
2006; 1:11-25. [PubMed: 17902211]

7. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of
overweight and obesity in the United States, 1999-2004. Jama. 2006; 295:1549-1555. [PubMed:
16595758]

Int J Cancer. Author manuscript; available in PMC 2012 November 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bessonova et al.

Page 8

8. Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K, van der Schouw YT,
Spencer E, Moons KG, Tjonneland A, Halkjaer J, Jensen MK, et al. General and abdominal
adiposity and risk of death in Europe. N Engl J Med. 2008; 359:2105-2120. [PubMed: 19005195]

9. Wandell PE, Carlsson AC, Theobald H. The association between BMI value and long-term
mortality. Int J Obes (Lond). 2009; 24:24.

10. Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, Qizilbash N, Collins R,
Peto R. Body-mass index and cause-specific mortality in 900 000 adults: collaborative analyses of
57 prospective studies. Lancet. 2009; 373:1083-1096. [PubMed: 19299006]

11. Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths associated with underweight,
overweight, and obesity. Jama. 2005; 293:1861-1867. [PubMed: 15840860]

12. Must A, Strauss RS. Risks and consequences of childhood and adolescent obesity. Int J Obes Relat
Metab Disord. 1999; 23(Suppl 2):S2-S11. [PubMed: 10340798]

13. Shimazu T, Kuriyama S, Ohmori-Matsuda K, Kikuchi N, Nakaya N, Tsuji I. Increase in body mass
index category since age 20 years and all-cause mortality: a prospective cohort study (the Ohsaki
Study). Int J Obes (Lond). 2009; 17:17.

14. Nieto FJ, Szklo M, Comstock GW. Childhood weight and growth rate as predictors of adult
mortality. Am J Epidemiol. 1992; 136:201-213. [PubMed: 1415142]

15. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity, and mortality from
cancer in a prospectively studied cohort of U.S. adults. N Engl J Med. 2003; 348:1625-1638.
[PubMed: 12711737]

16. Reeves GK, Pirie K, Beral V, Green J, Spencer E, Bull D. Cancer incidence and mortality in
relation to body mass index in the Million Women Study: cohort study. Bmj. 2007; 335:1134.
[PubMed: 17986716]

17. Gunnell DJ, Frankel SJ, Nanchahal K, Peters TJ, Davey Smith G. Childhood obesity and adult
cardiovascular mortality: a 57-y follow-up study based on the Boyd Orr cohort. Am J Clin Nutr.
1998; 67:1111-1118. [PubMed: 9625081]

18. Okasha M, McCarron P, McEwen J, Smith GD. Body mass index in young adulthood and cancer
mortality: a retrospective cohort study. J Epidemiol Community Health. 2002; 56:780-784.
[PubMed: 12239205]

19. Manson JE, Colditz GA, Stampfer MJ, Willett WC, Rosner B, Monson RR, Speizer FE,
Hennekens CH. A prospective study of obesity and risk of coronary heart disease in women. N
Engl J Med. 1990; 322:882-889. [PubMed: 2314422]

20. Flegal KM, Graubard BI, Williamson DF, Gail MH. Cause-specific excess deaths associated with
underweight, overweight, and obesity. Jama. 2007; 298:2028-2037. [PubMed: 17986696]

21. Rexrode KM, Hennekens CH, Willett WC, Colditz GA, Stampfer MJ, Rich-Edwards JW, Speizer
FE, Manson JE. A prospective study of body mass index, weight change, and risk of stroke in
women. Jama. 1997; 277:1539-1545. [PubMed: 9153368]

22. Zhu S, Heo M, Plankey M, Faith MS, Allison DB. Associations of body mass index and
anthropometric indicators of fat mass and fat free mass with all-cause mortality among women in
the first and second National Health and Nutrition Examination Surveys follow-up studies. Ann
Epidemiol. 2003; 13:286-293. [PubMed: 12684196]

23. Nilsson PM, Nilsson JA, Hedblad B, Berglund G, Lindgarde F. The enigma of increased non-
cancer mortality after weight loss in healthy men who are overweight or obese. J Intern Med.
2002; 252:70-78. [PubMed: 12074741]

24. Turnbull F. Effects of different blood-pressure-lowering regimens on major cardiovascular events:
results of prospectively-designed overviews of randomised trials. Lancet. 2003; 362:1527-1535.
[PubMed: 14615107]

25. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, Kirby A, Sourjina T, Peto R,
Collins R, Simes R. Efficacy and safety of cholesterol-lowering treatment: prospective meta-
analysis of data from 90,056 participants in 14 randomised trials of statins. Lancet. 2005;
366:1267-1278. [PubMed: 16214597]

26. Maclnnis RJ, English DR, Hopper JL, Gertig DM, Haydon AM, Giles GG. Body size and
composition and colon cancer risk in women. Int J Cancer. 2006; 118:1496-1500. [PubMed:
16187280]

Int J Cancer. Author manuscript; available in PMC 2012 November 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bessonova et al.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 9

Cui Y, Whiteman MK, Langenberg P, Sexton M, Tkaczuk KH, Flaws JA, Bush TL. Can obesity
explain the racial difference in stage of breast cancer at diagnosis between black and white
women? J Womens Health Gend Based Med. 2002; 11:527-536. [PubMed: 12225626]

Siiteri PK. Adipose tissue as a source of hormones. Am J Clin Nutr. 1987; 45:277-282. [PubMed:
3541569]

Hodis HN. Assessing benefits and risks of hormone therapy in 2008: new evidence, especially with
regard to the heart. Cleve Clin J Med. 2008; 75(Suppl 4):S3-S12. [PubMed: 18697261]

Bernstein L, Allen M, Anton-Culver H, Deapen D, Horn-Ross PL, Peel D, Pinder R, Reynolds P,
Sullivan-Halley J, West D, Wright W, Ziogas A, et al. High breast cancer incidence rates among
California teachers: results from the California Teachers Study (United States). Cancer Causes
Control. 2002; 13:625-635. [PubMed: 12296510]

development OoShpa, ed. Sacramento, California: 2007. Patient discharge data file documentation:
January—December 2006.

Kwong, S.; Perkin, C.; Morris, C., et al. Cancer in California: 1988-1999. Sacramento, CA: Cancer
Surveillance Section, California Department of Health Services; 2001.

West-Wright CN, Henderson KD, Sullivan-Halley J, Ursin G, Deapen D, Neuhausen S, Reynolds
P, Chang E, Ma H, Bernstein L. Long-term and recent recreational physical activity and survival
after breast cancer: the California Teachers Study. Cancer Epidemiol Biomarkers Prev. 2009;
18:2851-2859. [PubMed: 19843680]

Horn-Ross PL, Hoggatt KJ, West DW, Krone MR, Stewart SL, Anton H, Bernstei CL, Deapen D,
Peel D, Pinder R, Reynolds P, Ross RK, et al. Recent diet and breast cancer risk: the California
Teachers Study (USA). Cancer Causes Control. 2002; 13:407-415. [PubMed: 12146845]

DelLellis Henderson K, Duan L, Sullivan-Halley J, Ma H, Clarke CA, Neuhausen SL, Templeman
C, Bernstein L. Menopausal Hormone Therapy Use and Risk of Invasive Colon Cancer: The
California Teachers Study. Am. J. Epidemiol. 2010; 171:415-425. [PubMed: 20067917]

Ma H, Henderson KD, Sullivan-Halley J, Duan L, Marshall SF, Ursin G, Horn-Ross PL, Largent J,
Deapen DM, Lacey JV Jr, Bernstein L. Pregnancy-related factors and the risk of breast carcinoma
in situ and invasive breast cancer among postmenopausal women in the California Teachers Study
cohort. Breast Cancer Res. 12:R35. [PubMed: 20565829]

Weiss LK, Burkman RT, Cushing-Haugen KL, Voigt LF, Simon MS, Daling JR, Norman SA,
Bernstein L, Ursin G, Marchbanks PA, Strom BL, Berlin JA, et al. Hormone replacement therapy
regimens and breast cancer risk(1). Obstet Gynecol. 2002; 100:1148-1158. [PubMed: 12468157]
Baumgartner RN, Heymsfield SB, Roche AF. Human body composition and the epidemiology of
chronic disease. Obes Res. 1995; 3:73-95. [PubMed: 7712363]

Corrada MM, Kawas CH, Mozaffar F, Paganini-Hill A. Association of body mass index and
weight change with all-cause mortality in the elderly. Am J Epidemiol. 2006; 163:938-949.
[PubMed: 16641311]

Turnbull F, Neal B, Ninomiya T, Algert C, Arima H, Barzi F, Bulpitt C, Chalmers J, Fagard R,
Gleason A, Heritier S, Li N, et al. Effects of different regimens to lower blood pressure on major
cardiovascular events in older and younger adults: meta-analysis of randomised trials. Bmj. 2008;
336:1121-1123. [PubMed: 18480116]

Martinez ME, Giovannucci E, Spiegelman D, Hunter DJ, Willett WC, Colditz GA. Leisure-time
physical activity, body size, and colon cancer in women. Nurses' Health Study Research Group. J
Natl Cancer Inst. 1997; 89:948-955. [PubMed: 9214674]

Rapp K, Schroeder J, Klenk J, Stoehr S, Ulmer H, Concin H, Diem G, Oberaigner W, Weiland SK.
Obesity and incidence of cancer: a large cohort study of over 145,000 adults in Austria. Br J
Cancer. 2005; 93:1062-1067. [PubMed: 16234822]

Thompson, HJ.; Jiang, W.; Zhu, Z. Obesity as a cancer risk factor: potential mechanisms. In:
Awad, A.; Bradford, P., editors. Nutrition and Cancer Prevention. Boca Raton, FL: Taylor &
Francis; 2005. p. 565-578.

Carpenter CL, Ross RK, Paganini-Hill A, Bernstein L. Effect of family history, obesity and
exercise on breast cancer risk among postmenopausal women. Int J Cancer. 2003; 106:96-102.
[PubMed: 12794763]

Int J Cancer. Author manuscript; available in PMC 2012 November 15.



1duosnuey Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bessonova et al.

45.

46.

47.

48.

49.

50.

Page 10

La Vecchia C, Negri E, Franceschi S, Talamini R, Bruzzi P, Palli D, Decarli A. Body mass index
and post-menopausal breast cancer: an age-specific analysis. Br J Cancer. 1997; 75:441-444,
[PubMed: 9020494]

McTiernan A, Rajan KB, Tworoger SS, Irwin M, Bernstein L, Baumgartner R, Gilliland F,
Stanczyk FZ, Yasui Y, Ballard-Barbash R. Adiposity and sex hormones in postmenopausal breast
cancer survivors. J Clin Oncol. 2003; 21:1961-1966. [PubMed: 12743149]

Kroenke CH, Chen WY, Rosner B, Holmes MD. Weight, weight gain, and survival after breast
cancer diagnosis. J Clin Oncol. 2005; 23:1370-1388. [PubMed: 15684320]

Fair AM, Montgomery K. Energy balance, physical activity, and cancer risk. Methods Mol Biol.
2009; 472:57-88. [PubMed: 19107429]

Schols AM, Broekhuizen R, Weling-Scheepers CA, Wouters EF. Body composition and mortality
in chronic obstructive pulmonary disease. Am J Clin Nutr. 2005; 82:53-59. [PubMed: 16002800]
Breslow, NE.; Day, NE. The design and analysis of cohort studiesed. VVol. Volume 2. Lyon; New
York: International Agency for Research on Cancer; Distributed in the U.S. by Oxford University
Press; 1987. International Agency for Research on C. Statistical methods in cancer research.

Int J Cancer. Author manuscript; available in PMC 2012 November 15.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Bessonova et al.

Table 1

Page 11

Baseline characteristics of 115,433 participants from the California Teachers Study by body mass index (BMI,

in kg/m?2) at baseline

BMI at baseline, n (%2)

<185 18.5-24.9 25-29.9 230
BMI at age 18, kg/m?
<185 757(7.3) 6062 (69.9) 1541 (17.1) 493 (5.6)
18.5-24.9 2117 (2.1) 56349 (58.8) 24839 (26.3) 11524 (12.9)
25-29.9 163 (2.1) 3502 (41.1) 1929 (20.7) 3091 (36.2)
>30 41 (1.3) 1240 (42.7) 594 (19.0) 1191 (36.9)
p<.0001
Weight change from age 18 to baseline
>5 kg loss 1351 (11.5) 8496 (77.0) 1066 (9.1) 291 (2.4)
No change: +/-5 kg 1675 (4.4) 32207 (89.1) 2150 (5.6) 344 (1.0)
5.1-10 kg gain 51(0.2) 16906 (78.8) 4486 (19.3) 396 (1.7)
>10.0 kg gain 1(<0.01) 9544 (21.0) 21201 (45.3) 15268 (33.7)
p<.0001
Race/Ethnicity
White 2667 (2.4) 59289 (58.4) 25207 (24.8) 13967 (14.4)
African American 23(0.8) 1031 (37.9) 934 (34.1) 749 (28.3)
Hispanic/Latina 100 (2.0) 2486 (52.1) 1181(27.2)  789(18.7)
Native American 36 (3.2) 460 (47.0) 255 (27.9) 177 (21.9)
Asian/Pacific Islander 194 (4.4) 2678 (67.8)  783(20.6) 266 (7.2)
Other/Unknown 58 (2.6) 1209 (54.2) 543 (25.5) 351 (17.7)
p<.0001
Hormone therapy use
None 444 (25) 8147 (50.2) 4618 (27.9) 2969 (19.5)
Past hormone therapy use 235(2.1) 4977 (50.1) 2974 (30.0) 1578 (17.9)
Current estrogen use 360 (2.0) 9303 (53.3) 5051 (28.8) 2602 (15.9)
Current estrogen and progestin use 466 (2.3) 11917 (60.0) 5085 (25.2) 2399 (12.5)
Progestin only 24 (2.0) 537 (52.2) 254 (24.0) 236 (21.8)
Premenopausal 1397 (2.8) 28826 (62.7) 9081 (21.2) 5631 (13.3)
Unknown 152 (2.1) 3446 (54.8) 1840 (285) 884 (14.6)
p<.0001
Smoking status
Never 2167 (2.7) 44465 (58.2) 18432 (24.4) 10518 (14.7)
Former 685(1.9) 18913(56.9) 8803(25.9) 4973 (15.3)
Current 202(3.0)  3359(57.3) 1520(26.6) 729 (13.1)
Unknown 24 (3.6) 416 (62.0) 148 (21.3) 79 (13.1)
p<.0001
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BMI at baseline, n (%2)

<185 18.5-24.9 25-29.9 230
Strenuous or moderate physical activity
0-0.509 hrs/week 448 (2.9) 7204 (50.8) 3860 (27.7) 2426 (19.1)
0.51-3.00 hrs/week 1398 (2.2) 32562 (56.6) 14779 (25.7) 8593 (15.5)
> 3.01 hrs/week 1214 (2.6) 27124 (61.6) 10127 (23.2) 5219 (12.6)
Unknown 18 (3.0) 263 (55.7) 137 (28.2) 61 (13.1)
p<.0001
Average percent calories from fat
<25 641(2.7)  14742(65.1) 5294 (22.9)  2118(9.4)
25-29.9 577 (2.1)  14845(60.2) 6173 (25.4) 2903 (12.3)
30-34.9 743 (2.4) 16907 (57.9) 7323 (25.2) 4013 (14.5)
>35 1117 (2.6) 20659 (52.1) 10113 (25.7) 7265 (19.7)
p<.0001
Average alcohol consumption, g/day
None 1182 (2.7) 20549 (52.2) 9951 (25.6) 7065 (19.5)
<20 1643 (2.3) 40574 (60.3) 16388 (24.4) 8332 (13.0)
> 20 253 (2.5) 6030 (61.7) 2564 (26.3) 902 (9.5)
p<.0001
History of diabetes
No 3025 (2.5) 66155 (58.6) 27916 (24.9) 14994 (14.0)
Yes 53 (1.3) 998 (27.7) 087(28.1) 1305 (42.9)
p<.0001
Number of existing co-morbidities?
None 2042 (2.6) 44143 (61.4) 16565 (23.6) 8394 (12.3)
1 849 (2.2) 19212 (53.3) 9644 (26.7) 5997 (17.8)
>2 178 (1.8) 3614 (40.7) 2628 (31.1) 1878 (26.4)
Unknown 9(2.8) 184 (60.3) 66 (25.4) 30 (11.5)
p<.0001

a . .
All percentages are standardized by 5-year age categories.

b S . .
Self-reported co-morbidities include diabetes, hypertension, heart attack, stroke, and any cancer
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Multivariable adjusted™ relative risks (RR) and 95% confidence intervals (Cl) for cause-specific mortality
associated with body mass index (BMI) at baseline?

Cardiovascular  Respiratory
Any Cancer Breast Cancer Disease Disease
Total Deaths 2291 302 3626 946
BMI at baseline, Kg/m? <18.5 (under weight)
Deaths 64 7 139 65
Person-years 31026 32956 33632 34032
RR 1.05 1.28 1.15 1.79
95% ClI 0.81, 1.36 0.58, 2.79 0.96, 1.38 1.36, 2.34
18.5-24.9 (normal weight)
Deaths 1178 141 1939 545
Person-years 698848 739182 763980 771411
RR 1.0 1.0 1.0 1.0
25-29.9 (over weight)
Deaths 665 89 1005 191
Person-years 295044 314483 326320 330721
RR 111 1.14 1.06 0.79
95% ClI 0.99, 1.25 0.82, 1.58 0.96, 1.16 0.65, 0.96
>30 (obese)
Deaths 384 65 543 145
Person-years 167779 178572 184067 186470
RR 1.32 1.57 1.38 1.46
95% ClI 1.14,1.53 1.07,2.31 1.22,1.55 1.15,1.85

aStratified by age (in years) at baseline and adjusted for hormone therapy, weight change (in Kg) from age 18 to baseline, physical activity, co-
morbidities (incl. diabetes, hypertension, heart attack, stroke, and any cancer), smoking status, alcohol consumption, and percent daily calories

from fat.
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