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Abstract

Purpose—Although many studies have linked obesity with increased risk of thyroid cancer, few
have investigated the role of obesity-related lifestyle characteristics and medical conditions in the
etiology of this disease. We examined the associations of self-reported physical activity and
diabetes history with thyroid cancer risk in a large pooled analysis of prospective cohort studies.

Methods—Data from five prospective studies in the U.S. (n=362,342 men, 312,149 women)
were coded using standardized exposure, covariate, and outcome definitions. Hazard ratios (HR)
and 95% confidence intervals (CI) for thyroid cancer were estimated using age as the time metric
and adjusting for sex, education, race, marital status, cigarette smoking, body mass index, alcohol
intake, and cohort. Effect modification by other risk factors (e.g. age, sex, body mass index) and
differences by cancer subtype (e.g. papillary, follicular) were also examined.

Results—Over follow-up (median=10.5 years), 308 men and 510 women were diagnosed with a
first primary thyroid cancer. Overall, subjects reporting the greatest amount of physical activity
had an increased risk of the disease (HR=1.18, 95% CI:1.00-1.39); however, this association was
restricted to participants who were overweight/obese (225 kg/m?; HR=1.34, 95% Cl:1.09-1.64) as
opposed to normal-weight (<25 kg/m?; HR=0.92, 95% CI:0.69-1.22; P-interaction=0.03). We
found no overall association between self-reported history of diabetes and thyroid cancer risk
(HR=1.08, 95% C1:0.83-1.40).

Conclusion—Neither physical inactivity nor diabetes history was associated with increased risk
of thyroid cancer. While it may have been a chance finding, the possible increased risk associated
with greater physical activity warrants further investigation.
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Thyroid cancer incidence has been increasing in the U.S. since the early 1980s, most
dramatically in the past decade [1]. These trends may be partially attributable to medical
surveillance and more widespread use of sensitive diagnostic tools as well as changes in
exposure to certain environmental factors. Obesity, which has become increasingly prevalent
in the U.S. during the same time period [2], could be one of few modifiable risk factors for
thyroid cancer considering that case-control and prospective studies have generally found
positive associations between body mass index (BMI) and risk of this malignancy [3-11],
albeit with some inconsistencies (i.e. null results in men and/or women) [9-14]. However,
few studies have investigated the associations of obesity-related behaviors and medical
conditions with thyroid cancer risk.

In the present study, we combined data from five prospective U.S. studies to examine the
associations for self-reported physical activity level and history of diabetes with thyroid
cancer risk in men and women. We previously reported a positive association between BMI
and thyroid cancer risk among both men and women in this pooled study [5].

METHODS

Study population

Study participants were enrolled in one of five U.S.-based prospective cohorts from the
National Cancer Institute: NIH-AARP Diet and Health Study (NIH-AARP), Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial (PLCO), Breast Cancer Detection and
Demonstration Project (BCDDP), Agricultural Health Study (AHS), and U.S. Radiologic
Technologists Study (USRT). The institutional review boards from the National Cancer
Institute and all participating institutions approved the use of these data. Details of this
pooled study, including methods for data standardization, outcome ascertainment, and
statistical analysis were published previously [5].

For this analysis, we redefined the USRT and BCDDP study baselines as the dates
responding to the second questionnaire, when participants were first asked to provide
information on medical history and physical activity level. We also restricted the PLCO
cohort to the intervention arm of the trial, as information on physical activity was not
collected from control arm participants. In total, there were 362,342 men and 312,149
women who responded to a baseline questionnaire, accrued follow-up time, did not have a
history of cancer other than non-melanoma skin cancer, were not missing information on the
date of diagnosis of incident cancer, physical activity level, or history of diabetes, and did
not have missing or extreme (<15 or >50 kg/m?) data on BMI. Details of the study
population are shown in Table 1.

Exposure assessment and data standardization

Each study utilized self-administered questionnaires, which elicited information on general
demographics, certain health behaviors and lifestyle characteristics, including physical
activity level, and personal medical history, including medical history of diabetes. The level
of detail elicited for most of these exposures was similar for each cohort. Only the AHS,
BCDDP, and USRT cohorts had information on age or date of diagnosis of diabetes. Height
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and weight were self-reported at each cohort baseline. The level of detail on light, moderate,
or vigorous activities, including whether the questionnaire specified or differentiated
between leisure-time or occupational activity, and whether the directions inquired about
current physical activity level or the average level over the previous 12 months, differed by
cohort (Table 2). Where possible, weighted summary variables for total physical activity
were calculated in cohorts that assessed various recreational, household, or occupational
activities separately (USRT and BCDDP). In three of the cohorts (NIH-AARP, PLCO, and
AHS), physical activity was defined as the average time spent engaging in vigorous or
strenuous leisure-time or occupational activity; these cohorts did not inquire about low-
intensity or moderate activity. We assigned study subjects to one of three categories of
physical activity, either “low,” “medium,” or “high,” based on cohort-specific tertiles.

Outcome assessment

Participants were followed from the date of questionnaire completion to the date of any
cancer diagnosis other than non-melanoma skin cancer, death, or last date of follow-up,
whichever came first. Thyroid cancer cases were defined as participants who were diagnosed
with a malignant first primary thyroid neoplasm during follow-up. Cancer information was
obtained through different sources: self-report (USRT, PLCO, BCDDP), cancer registry
linkage (NIH-AARP, USRT, AHS, BCDDP), death certificates (USRT, PLCO, BCDDP),
and/or the National Death Index (NIH-AARP, USRT, BCDDP). Any self-reported thyroid
cancers that were de-confirmed during medical record or pathology review (USRT, PLCO,
BCDDP) were excluded from our case definition. Using information from medical and
pathology records and cancer registry linkage, we further classified cases by histology
according to the International Classification of Diseases for Oncology morphology codes:
papillary (8050, 8052, 8130, 8260, 8340-8344, 8450, and 8452) and follicular (8290, 8330,
8331, 8332, 8335) [15].

Statistical analysis

We used Cox proportional hazards models to calculate study-specific hazard ratios (HR) and
95% confidence intervals (CI) for thyroid cancer using attained age as the underlying time
metric as an adjustment for age. Minimally-adjusted models were adjusted for sex, and
multivariable-adjusted models were adjusted for sex, education (high school or less, post-
high school or college, post-college, missing), race (white, black, American Indian/Alaskan
Native, Asian/Pacific Islander, other, missing), marital status (married/living together,
divorced/separated, widowed, single/never married, missing), BMI (15.0-18.5, 18.5-24.9,
25.0-29.9, 30.0-50.0 kg/m?), cigarette smoking (never, former, current, missing), and usual
alcohol intake during the previous 12 months (hone, <1 drink/week, 1-6 drinks/week, =7
drinks/week, missing). Heterogeneity in the HRs between studies was assessed using the 12
index [16, 17].

Data from all five cohorts were subsequently combined into one aggregate dataset to
estimate the pooled HR for thyroid cancer, overall, by histological type, and by age at
diagnosis. These models were additionally adjusted for cohort. We evaluated effect
modification by other thyroid cancer risk factors, including baseline age, sex, education,
BMI, smoking status, and alcohol intake, by comparing models with cross-product terms to
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models without cross-product terms using the likelihood ratio test. Differences by thyroid
cancer histology (e.g., papillary and follicular) and age at diagnosis were evaluated using the
Mantel-Haenszel test for heterogeneity. We also excluded the first two years of follow-up to
evaluate possible bias due to changes in physical activity level among participants with
undiagnosed disease at baseline.

All analyses were conducted using Stata software (version 9.2, College Station, TX). All
statistical tests were two-sided and were considered statistically significant if A<0.05.

In total, 308 men and 510 women were diagnosed with a first primary thyroid cancer over a
median follow-up of 10.5 years. Of the 285 cases in men and 462 cases in women with
complete histology, papillary thyroid cancer accounted for 200 (70%) of the cases in men
and 374 (81%) of the cases in women, while follicular thyroid cancer accounted for 68
(24%) and 63 (14%) of the cases in men and women, respectively.

In the four largest cohorts (NIH-AARP, USRT, PLCO, and AHS), HRs comparing the
highest to lowest cohort-specific tertile of physical activity were above unity in both the
minimally- and multivariable-adjusted models (Table 3). For multivariable-adjusted models,
the test for heterogeneity between studies was borderline-significant (12=53%, A-
heterogeneity=0.07). We found no clear pattern between the level of detail on physical
activity collected at baseline (Table 2) and the cohort-specific results (Table 3). There was
less heterogeneity after excluding BCDDP, the cohort with the smallest number of cases
(multivariable-adjusted HR=1.21, 95% CI: 1.02-1.43; 12=30%, P-heterogeneity=0.23). After
combining all five cohorts, the overall minimally-adjusted HR for “high” versus “low”
physical activity was 1.12 (95% ClI: 0.96-1.32, P-trend=0.16). The magnitude of this
association was slightly stronger in the multivariable-adjusted model (HR=1.18, 95% CI:
1.00-1.39, P-trend=0.06). The influence of finer adjustment for BMI as well as smoking
intensity (i.e., number of cigarettes smoked per day) and smoking duration (i.e., number of
years smoked) on these results was negligible (data not shown). Exclusion of the first two
years of follow-up also had little influence on the results (data not shown).

We found some differences in the multivariable-adjusted results within strata of certain
thyroid cancer risk factors, as well as by histology (Figure 1). For instance, the association
for “high” versus “low” physical activity was significantly stronger among participants who
were overweight (BMI =25 kg/m2, HR=1.34, 95% CI: 1.09-1.64) compared to those who
were normal-weight (BMI <25 kg/m?2, HR=0.92, 95% CI: 0.69-1.22; P-interaction=0.03).
The association was non-significantly stronger in men (HR=1.40, 95% CI: 1.06-1.86)
compared to women (HR=1.07, 95% CI: 0.87-1.32; P-interaction=0.21), in subjects who had
a post-high school education (HR=1.29, 95% CI: 1.29, 95% CI: 1.05-1.58) compared to
those who did not (HR=0.93, 95% CI: 0.67-1.29; P-interaction=0.10), and current smokers
(HR=1.89, 95% CI: 1.11-3.22) compared to former (HR=1.19) or never smokers (HR=1.07;
P-interaction=0.12). The association was also non-significantly stronger for follicular
(HR=1.55, 95% ClI: 1.03-2.35) compared to papillary (HR=1.18, 95% CI: 0.97-1.44; P-
interaction=0.24) thyroid cancer. We also observed significant differences according to age
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at diagnosis (P-interaction=0.03), whereby the association was strongest for thyroid cancers
diagnosed before age 50 (80 cases, HR=2.58, 95% ClI: 1.41-4.74, P-trend=0.002) compared
to thyroid cancers diagnosed at ages 50 to 59 (127 cases, HR=1.09, 95% CI: 0.72-1.66, ~-
trend=0.68) or at ages 60 or older (611 cases, HR=1.11, 95% CI: 0.92-1.34, P-trend=0.28).

Overall, we found a non-significant positive association between history of diabetes and
thyroid cancer risk in minimally-adjusted models (HR=1.22, 95% CI: 0.95-1.58) (Table 4).
After additional covariate adjustment, this association became attenuated (HR=1.08, 95%
Cl: 0.83-1.40), and no statistically-significant results were observed within any of the five
cohorts. There was no evidence of significant heterogeneity between cohorts (12=11%, -
heterogeneity=0.33). There were also no clear or suggestive differences according to
baseline age, sex, education, BMI, smoking status, or alcohol intake, by age at diagnosis, or
by thyroid cancer histology. The influence of finer adjustment for BMI as well as smoking
intensity (i.e., number of cigarettes smoked per day) and smoking duration (i.e., number of
years smoked) on these results was negligible (data not shown). Exclusion of the first two
years of follow-up also had little influence on the results (data not shown).

DISCUSSION

Many [3-11], though not all [12-14], case-control and prospective studies have shown
positive associations between BMI and thyroid cancer risk. Few studies have examined the
associations between other modifiable lifestyle exposures and medical conditions associated
with BMI and the risk of this disease. In this pooled analysis of five large prospective
studies, we found an overall positive association with greater physical activity, though the
results were heterogeneous across cohorts, and no evidence of an association with history of
diabetes.

We had hypothesized that greater physical activity would be associated with reduced risk of
thyroid cancer, while a previous diagnosis of diabetes would be associated with increased
risk. Physical activity improves insulin sensitivity and subsequent risk of diabetes through
several different, independent mechanisms, including through the enhancement of glucose
uptake in skeletal muscle and reduction in the amount of body fat mass [18]. Insulin
resistance, a common metabolic consequence of both obesity and physical inactivity, is
characterized by elevated levels of both insulin and glucose due to a reduction in tissue
responsiveness to the physiologic effects of insulin [19]. Insulin could conceivably promote
thyroid cancer growth directly through enhanced cancer cell proliferation or reduced
apoptosis or indirectly by stimulating the production of other hormones, including insulin-
like growth factor-1, estrogen, or thyroid stimulating hormone [19, 20]. This hypothesis is
supported by previous evidence from a large prospective study in Austria showing that
higher fasting glucose levels were associated with increased risk of thyroid cancer
independent of BMI [21].

That our results failed to support this hypothesis is consistent with the limited number of
epidemiologic studies of thyroid cancer that have utilized self-reported information on
physical activity and diabetes. Previous, more detailed analyses conducted in the NIH-
AARP and USRT cohorts, based on smaller sample sizes, showed no clear association
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between physical activity and thyroid cancer risk [22, 23]. One U.S. case-control study
found that regular versus no recreational physical activity two years before diagnosis was
associated with a significant decreased risk of papillary thyroid cancer, but no clear
associations with number of hours of exercise were observed [24]. No association was
previously observed between history of diabetes and thyroid cancer risk in the USRT cohort
[23], while a significant positive association was previously shown in women but not men in
the NIH-AARP cohort [25].

While there were several strengths of this pooled analysis, including the large sample size,
ability to compare the results across five different types of cohorts, and the availability of
data on several potential confounding factors, there were some important limitations. In
particular, the pooled estimate for the association between physical activity and thyroid
cancer risk should be interpreted cautiously considering the differences in the definition and
range of physical activity levels across the five cohorts and the between-cohort heterogeneity
that was observed. This heterogeneity could be explained, in part, by the degree of
measurement error in self-reported physical activity for each of the cohorts [26]. For
instance, there may have been greater potential for measurement error for physical activity
level in cohorts for which information on light, moderate, and vigorous activity was
combined into an overall activity score, or which combined leisure-time and occupational
activity, as opposed to those inquiring about only one type of activity. Interestingly, the
strongest positive association was observed in the AHS cohort, which may be considered to
have the most narrow physical activity assessment, focusing only on vigorous physical
activity in leisure-time. Other sources of heterogeneity may include differences in exposures
specific to, or the type and amount of physical activity conducted by, participants belonging
to a particular type of cohort (i.e. occupational [AHS, USRT] or screening [PLCO,
BCDDP]) or differences in demographics or other characteristics of the study populations,
particularly those that were found to modify the associations between physical activity and
thyroid cancer risk in the aggregate dataset (e.g. BMI, smoking, education, age at diagnosis).
The stronger positive associations observed among participants with greater education, those
who were overweight/obese or current smokers at baseline, or who were diagnosed at
younger ages may be attributable to greater residual confounding by these factors (i.e. if they
imperfectly measured) or by other, related factors that were either not measured or were not
considered for inclusion in the analysis. For instance, the positive association for physical
activity, particularly among more highly-educated participants in this study, may be
attributable to greater likelihood of detection of thyroid cancer in physically active versus
inactive adults. However, we lacked information on frequency of thyroid check-ups, other
socioeconomic indicators besides education, and stage at tumor diagnosis, all of which could
have been used to evaluate the possible influence of a detection bias. Misclassification of
diabetes history (i.e. due to undiagnosed disease) may explain the lack of association with
thyroid cancer risk in this study. In addition, self-reported history of diabetes may not have
been an adequate surrogate for insulin resistance and hyperinsulinemia, conditions that may
long precede the onset of type 2 diabetes and may be more germane to the development of
thyroid cancer [27]. We were also unable to investigate the association between diabetes and
thyroid cancer risk by age at diabetes diagnosis, which may act as a proxy for exposure to
circulating insulin or glucose, due to the small number of exposed cases identified in cohorts
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that collected these data (AHS, BCDDP, and USRT). The reliance on self-reported diabetes
may explain the difference in results between this pooled analysis and the strong positive
dose-response relationship between fasting glucose and thyroid cancer risk observed in a
prospective study in Austria [21]. Additional studies with more objective measures of both
physical activity and diabetes and with more comprehensive data on potential confounding
factors, including screening practices, are needed before a potentially causal relationship
with thyroid cancer can be ruled out.

In addition, it is not clear whether the results from this study are applicable to thyroid
cancers diagnosed in young-to-middle adulthood, which may differ etiologically, or which
may have been diagnosed at earlier stages on average, compared to cancers diagnosed later
in life. For instance, because the majority of participants enrolled in the cohorts during
middle-to-older adulthood, the median age of thyroid cancer diagnosis in this population
was 65 in women and 68 in men, in contrast to median ages at diagnosis of 47 in women and
53 in men in the general U.S. population [28]. While we found that the positive association
for physical activity was strongest for thyroid cancers diagnosed before age 50, the number
of cases belonging to this age group was small. Studies with larger numbers of thyroid
cancers diagnosed at earlier ages will be needed to more precisely evaluate effect
modification by age at diagnosis.

In summary, despite generally consistent evidence of a positive association between BMI
and thyroid cancer risk in this and previous studies, we found that neither physical inactivity
nor a history of diabetes increased the risk of this disease. In contrast, we observed an
increased risk of thyroid cancer for subjects reporting greater physical activity. Considering
some of the limitations of this analysis, particularly the reliance on self-reported physical
activity level and medical history, studies with more accurate exposure information on
physical activity, energy expenditure, and obesity-related medical conditions, including
hyperinsulinemia and diabetes, are still needed and may help to address a potential role of
insulin resistance in thyroid cancer etiology.
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Figure 1.

Multivariable-adjusted HRs (adjusted for sex, education, race, marital status, cigarette
smoking, body mass index, alcohol intake, and cohort) and 95% Cls for self-reported
physical activity level (“high” versus “low”) and thyroid cancer risk, stratified by select risk
factors: aggregate analysis of the five cohorts. *Test for interaction calculated using the
likelihood ratio test comparing a model with a cross-product term to a model without. **Test
for interaction calculated using the Mantel-Haenszel test for heterogeneity.
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Figure 2.

Multivariable-adjusted HRs (adjusted for sex, education, race, marital status, cigarette
smoking, body mass index, alcohol intake, and cohort) and 95% Cls for self-reported
medical history of diabetes (ever versus never) and thyroid cancer risk, stratified by select
risk factors: aggregate analysis of the five cohorts. *Test for interaction calculated using the
likelihood ratio test comparing a model with a cross-product term to a model without. **Test
for interaction calculated using the Mantel-Haenszel test for heterogeneity.
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