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The incidence of thyroid cancer has been rapidly increasing in the United States, but few risk factors have been
established. The authors prospectively examined the associations of self-reported medical history, anthropometric
factors, and behavioral factors with thyroid cancer risk among 90,713 US radiologic technologists (69,506 women
and 21,207 men) followed from 1983 through 2006. Incident thyroid cancers in 242 women and 40 men were
reported. Elevated risks were observed for women with benign thyroid conditions (hazard ratio (HR) ¼ 2.35, 95%
confidence interval (CI): 1.73, 3.20), benign breast disease (HR ¼ 1.56, 95% CI: 1.08, 2.26), asthma (HR ¼ 1.68,
95% CI: 1.00, 2.83), and body mass index�35.0 versus 18.5–24.9 kg/m2 (HR¼ 1.74, 95% CI: 1.03, 2.94; P-trend¼
0.04). Current smoking was inversely associated with thyroid cancer risk (HR ¼ 0.54). No clear associations
emerged for reproductive factors, other medical conditions, alcohol intake, or physical activity. Despite few thyroid
cancers in men, men with benign thyroid conditions had a significantly increased risk of thyroid cancer (HR¼ 4.65,
95% CI: 1.62, 13.34), and results for other risk factors were similar to those for women. Consistent with prior
studies, obesity and benign thyroid conditions increased and current smoking decreased the risk of thyroid cancer.
The novel findings for benign breast disease and asthma warrant further investigation.

body mass index; hormones; motor activity; prospective studies; reproduction; smoking; thyroid diseases; thyroid
neoplasms

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; TSH, thyroid-stimulating hormone.

Between 1996 and 2005, thyroid cancer incidence rose
annually by 5.8% among men and 7.1% among women in
the United States, a more rapid increase than for any other
cancer site (1). As a result, thyroid cancer now ranks as the
seventh most common cancer in women in the United States
(1). While some of this increase may be explained by im-
proved detection of very small papillary tumors and changes
in diagnostic criteria, changes in environmental risk factors
likely also play a role (2).

The only clearly established risk factor for thyroid can-
cer is ionizing radiation exposure, particularly in child-
hood (3). Case-control studies have shown associations
for nonradiation risk factors, including benign thyroid con-
ditions, inadequate or excess iodine intake, never smoking,
and, particularly in women, obesity (3–5). Worldwide,

women have a 3-fold higher incidence of thyroid cancer
compared with men, and their age-specific rates rise
and peak earlier (median age at diagnosis in the United
States: 47 years for women and 53 years for men) (3, 6, 7).
These factors suggest a hormonal etiology, but results
from case-control studies examining hormonal and repro-
ductive factors in relation to thyroid cancer risk for women
have been weak or inconsistent (3). Medical conditions
unrelated to the thyroid may also influence the risk of
thyroid cancer, biologically or through increased detection
(8–11). Although prospective studies avoid recall and
selection biases, nonradiation risk factors for thyroid
cancer have rarely been investigated prospectively, chiefly
because of small numbers of incident thyroid cancers in
most studies.
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We prospectively examined the associations of potential
nonradiation risk factors with thyroid cancer risk in a cohort
of more than 90,000 US radiologic technologists. Because
of the younger age distribution and the greater frequency of
thyroid cancer in women compared with men, the gender
and age structure of this cohort provides an opportunity to
prospectively examine potential risk factors for thyroid
cancer.

MATERIALS AND METHODS

Study population

Details on the study design and methods were published
previously (12). In brief, the US Radiologic Technologists
Study was initiated between 1983 and 1984 with the pri-
mary objective to investigate cancer risks associated with
occupational radiation exposure in radiologic technologists.
We identified 146,022 individuals who were registered with
the American Registry of Radiologic Technologists for at
least 2 years between 1926 and 1982 and resided in any of
the 50 US states. Between the years 1983–1984, 1994–1998,
and 2004–2006, 3 different questionnaires were mailed to
participants who were located and thought to be alive. The
third questionnaire was sent to respondents of the first or
second questionnaire. Nonrespondents to the first survey
were contacted by telephone and completed the question-
naire via telephone interview. Response rates were 68%
(n ¼ 90,305 of 132,454 radiologic technologists located and
presumed alive) for the first, 72% (n ¼ 90,972/126,628) for
the second, and 72% (n ¼ 73,489/101,694) for the third
questionnaires. Of 110,418 respondents to at least one survey,
we excluded from all analyses participants who had a medical
history of cancer other than nonmelanoma skin cancer at
baseline (n ¼ 2,808), were missing the date of any incident
cancer diagnosis over follow-up (n ¼ 144), had conflicting
cancer records (n ¼ 5), or did not respond to a second
questionnaire or could not be linked to a mortality record
with known cause of death (n ¼ 16,748). After exclusions,
the analytic cohort included 90,713 participants (69,506
women and 21,207 men). The study was approved by the
institutional review boards of the National Cancer Institute
and the University of Minnesota.

Case ascertainment and follow-up

Incident thyroid cancers were identified by self-report on
the second or third questionnaire, cancer registry linkage,
and death records. Living participants who reported a diag-
nosis of thyroid cancer were contacted to obtain consent to
view their pathology reports or medical records for confir-
mation. Cases who did not consent to release medical rec-
ords, or for whom medical records could not be located,
were classified as having unconfirmed thyroid cancer. Self-
reported, but unconfirmed cancers were included in the case
definition because medical records confirmed more than
92% of cases of thyroid cancer self-reported on the second
questionnaire (13). Using information obtained from pathol-
ogy reports, medical records, and cancer registry linkage,
we further classified thyroid cancers as papillary, follicular,

medullary, or other histology according to International
Classification of Diseases for Oncology, Third Edition, mor-
phology codes. Participants were followed from the date
they responded to the first questionnaire they completed to

Table 1. Select Baseline Characteristics of Women and Men in the

US Radiologic Technologists Study, 1983–2006

Women
(n 5 69,506)

Men
(n 5 21,207)

No. % No. %

Age at study entry, years

<30 12,715 18.3 1,863 8.8

30–39 29,672 42.7 8,089 38.1

40–49 16,851 24.2 5,785 27.3

�50 10,268 14.8 5,470 25.8

Year of birth

Before 1940 13,122 18.8 6,216 29.3

1940–1949 22,539 32.4 7,351 34.7

1950 or later 33,845 48.7 7,640 36.0

Race/ethnicity

White 66,711 96.0 19,197 90.5

Black 1,707 2.5 885 4.2

Asian/Pacific Islander 470 0.7 537 2.5

American Indian/Native
Alaskan

125 0.2 116 0.6

Other/unknown 493 0.7 472 2.2

Menopausal status

Premenopausal 57,404 82.6

Postmenopausal 12,102 17.4

Smoking status

Never smoker 35,328 50.8 8,079 38.1

Former smoker 17,869 25.7 7,536 35.5

Current smoker 15,543 22.4 5,216 24.6

Unknown 766 1.1 376 1.8

Body mass index, kg/m2

<18.5 2,716 3.9 117 0.6

18.5–24.9 48,006 69.1 9,003 42.5

25.0–29.9 11,876 17.1 9,088 42.9

30.0–34.9 3,762 5.4 2,033 9.6

�35.0 1,620 2.3 486 2.3

Unknown 1,526 2.2 480 2.3

Alcohol intake

Nondrinker 12,509 18.0 4,132 19.5

<1 drink/week 29,227 42.1 6,008 28.3

1–6 drinks/week 20,397 29.4 6,702 31.6

�7 drinks/week 6,078 8.7 3,867 18.2

Unknown 1,295 1.9 498 2.4

History of any benign
thyroid condition

Yes 6,332 9.1 430 2.0

Unknown 1,276 1.8 331 1.6
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the date of death, date of any cancer diagnosis, or date of last
questionnaire completion, whichever occurred first.

In total, 282 incident thyroid cancers (242 in women and
40 in men) were diagnosed over 1,436,541 person-years of
follow-up (mean: 15.8). A total of 200 (70.9%) were clas-
sified as papillary, 15 (5.3%) as follicular, 3 (1.1%) as med-
ullary, and 16 (5.7%) as ‘‘other.’’ Histology was unavailable
for 48 (17.0%) cases. The median age at thyroid cancer
diagnosis was 46 years (range: 27–78) for women and
50 years (range: 30–75) for men.

Assessment of nonradiation exposures

Exposure data were obtained from the first and second
questionnaires, which elicited information on date of birth;
sex; race/ethnicity; height; weight; cigarette smoking; alcohol

intake; medical history of cancer, benign thyroid conditions,
and selected other diseases; reproductive and hormonal
history; and occupational and personal radiation exposures.
Some exposures were available from only the first (e.g.,
thyroiditis) or the second (e.g., thyroid adenomas/nodules,
some medical conditions, physical activity) questionnaire.
Except for alcohol intake, which was assessed separately
for beer, wine, and liquor on the second but not the first
questionnaire, the level of detail elicited on nonradiation
exposures in this analysis was generally similar for both
questionnaires.

Statistical analysis

All analyses were performed by using Stata version 9
software (Stata Corporation, College Station, Texas). Cox

Table 2. Hazard Ratios and 95% Confidence Intervals for the Association of Thyroid Cancer With Self-reported

Medical Conditions, US Radiologic Technologists Study, 1983–2006

Women Men

No. of
Casesa

HR 95% CI
No. of
Casesa

HR 95% CI

Goiterb

Never diagnosed 218 1.00 Reference 35 1.00 Reference

Ever diagnosed 20 4.10 2.58, 6.49 1 9.28 1.25, 69.17

Hyperthyroidismb

Never diagnosed 226 1.00 Reference 36

Ever diagnosed 11 2.05 1.12, 3.76 0

Hypothyroidismb

Never diagnosed 213 1.00 Reference 35 1.00 Reference

Ever diagnosed 24 1.31 0.85, 2.02 1 1.72 0.23, 12.69

Thyroiditisb,c

Never diagnosed 214 1.00 Reference 35

Ever diagnosed 3 1.69 0.54, 5.30 0

Thyroid nodule/adenomab,d

Never diagnosed 95 1.00 Reference 13 1.00 Reference

Ever diagnosed 21 6.88 4.28, 11.06 3 32.75 9.12, 117.53

Any benign thyroid conditionb,e

Never diagnosed 182 1.00 Reference 32 1.00 Reference

Ever diagnosed 56 2.35 1.73, 3.20 4 4.65 1.62, 13.34

Thyroid hormone use
in the past yearb,d

No use þ never diagnosed
with a benign thyroid conditione

80 1.00 Reference 12 1.00 Reference

No use þ ever diagnosed
with a benign thyroid conditione

15 3.93 2.26, 6.85 0

Used 21 2.89 1.77, 4.71 3 16.18 4.45, 58.89

Arthritis, rheumatoidd,f

Never diagnosed 113 1.00 Reference 26

Ever diagnosed 3 0.92 0.29, 2.90 0

Arthritis, otherd,f

Never diagnosed 94 1.00 Reference 14 1.00 Reference

Ever diagnosed 22 1.31 0.80, 2.15 2 1.10 0.24, 5.01

Table continues
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proportional hazards models with attained age as the under-
lying time variable were used to calculate hazard ratios and
95% confidence intervals for thyroid cancer. To account for
the time-dependent nature of certain variables, specifically
weight, smoking, alcohol intake, benign thyroid conditions,
and hormonal factors, we treated the follow-up times before
and after the date of completion of a second questionnaire as
separate observations. For exposures ascertained on only
one of the first 2 questionnaires (i.e., thyroiditis, thyroid
adenomas/nodules, some medical conditions, physical ac-
tivity), we restricted the analyses to participants who re-
sponded to the relevant questionnaire and began follow-up
on the date of questionnaire completion.

Sex-specific quartiles of exposure were defined based on
the entire cohort distribution. Body mass index (BMI; cal-
culated as weight in kilograms divided by height in meters
squared) was classified by using the World Health Organi-
zation categories of <18.5 (underweight), 18.5–24.9 (nor-
mal), 25.0–29.9 (overweight), 30.0–34.9 (obese), and �35.0

kg/m2 (severely obese) (14). We assigned women to be pre-
menopausal if they were younger than 53 years of age,
which was the 80th percentile of age at natural menopause
in this cohort, and were missing information on menopausal
status at either of the first 2 questionnaires (n ¼ 545) or had
reported having had a hysterectomy without a bilateral
oophorectomy (n ¼ 4,124). Information on frequency of
strenuous physical activity, walking for exercise, and walking
at home over the past year was obtained in the second
questionnaire and was categorized as never, <1 hour/week,
or�1 hours/week. Physical activity was summarized as a total
activity score by assigning a metabolic equivalent task value
for each activity and summing the metabolic equivalent task-
hours per week across all 3 activities, as described in a sepa-
rate study from this cohort (15). Unless otherwise specified,
missing values were categorized by using a missing indicator
variable.

Models were stratified by sex and were adjusted for birth
year (1-year categories with a knot at year 1947), smoking

Table 2. Continued

Women Men

No. of
Casesa

HR 95% CI
No. of
Casesa

HR 95% CI

Asthmad,f

Never diagnosed 99 1.00 Reference 14 1.00 Reference

Ever diagnosed 17 1.68 1.00, 2.83 2 1.49 0.33, 6.62

Benign breast disease
(i.e., fibrocystic)d,f

Never diagnosed 63 1.00 Reference

Ever diagnosed 53 1.56 1.08, 2.26

Cholesterol, elevated
(�240 mg/dL)d,f

Never diagnosed 110 1.00 Reference 13 1.00 Reference

Ever diagnosed 6 0.47 0.20, 1.09 3 1.63 0.45, 5.90

Chronic bronchitisd,f

Never diagnosed 108 1.00 Reference 16

Ever diagnosed 8 0.94 0.46, 1.95 0

Diabetes mellitusd,f

Never diagnosed 112 1.00 Reference 16

Ever diagnosed 4 1.37 0.49, 3.77 0

Hypertensiond,f

Never diagnosed 113 1.00 Reference 16

Ever diagnosed 3 1.02 0.32, 3.29 0

Ulcerd,f

Never diagnosed 105 1.00 Reference 14 1.00 Reference

Ever diagnosed 11 0.88 0.47, 1.65 2 0.99 0.22, 4.54

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Number of cases may be inconsistent because of missing values.
b Adjusted for birth year, smoking status, body mass index, number of personal radiographs to the head or neck,

and cumulative occupational radiation dose.
c Collected in only the first questionnaire (1983–1984) (86.8% of the study population).
d Collected in only the second questionnaire (1994–1998) (89.6% of the study population).
e Self-reported history of goiter, hyperthyroidism, hypothyroidism, thyroiditis, or benign nodules or adenomas.
f Additionally adjusted for medical history of benign thyroid conditions.
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status (never, former, current), BMI (World Health Organi-
zation categories), and history of any benign thyroid condi-
tion (i.e., goiter, hypothyroidism, hyperthyroidism,
adenoma/nodule, or thyroiditis). Although personal and oc-
cupational radiation exposures were not associated with
nonradiation factors or thyroid cancer incidence in this
study, we adjusted for number of personal radiographs to
the head or neck (in quartiles) and cumulative occupational
radiation dose to the thyroid at baseline (in quartiles) be-
cause radiation exposure is the main known risk factor for
thyroid cancer. Tests for trend were conducted by modeling
categories of exposure as continuous. Interactions were
assessed on the multiplicative scale by including cross-
product terms in the model. All tests of statistical signifi-
cance were 2-sided.

RESULTS

The majority of participants were white (94.7%) and fe-
male (76.6%) (Table 1). At study entry, men were slightly
older than women on average (mean age: 43.3 vs. 39.3
years), and a higher proportion of men than women were
born before 1940 (29.3% vs. 18.8%). Women were more
likely than men to be never smokers (50.8% vs. 38.1%),
to be in the normal BMI (18–24.9 kg/m2) range (69.1%
vs. 42.5%), and to have a history of benign thyroid con-
ditions (9.1% vs. 2.0%). In total, 23.1% of participants
were overweight, 8.7% were obese, 28.0% were former
smokers, 22.9% were current smokers, and 7.5% reported
at study entry having been diagnosed with a benign thyroid
condition.

Among women, a history of any previous thyroid condi-
tion (hazard ratio (HR) ¼ 2.35, 95% confidence interval
(CI): 1.73, 3.20), including goiter (HR ¼ 4.10), benign thy-
roid nodules/adenomas (HR ¼ 6.88), and hyperthyroidism
(HR ¼ 2.05), was associated with an increased risk of thy-
roid cancer (Table 2). Hypothyroidism was nonsignificantly
associated with thyroid cancer risk for women (HR ¼ 1.31,
95% CI: 0.85, 2.02). Thyroiditis was not associated with
a significant increased risk of thyroid cancer, but this asso-
ciation was based on only 3 exposed cases. Thyroid hor-
mone use in the past month was associated with an increased
risk, but, at least for women, this risk was not greater than
that associated with having a history of benign thyroid con-
ditions and no recent thyroid hormone use. Self-reported
history of asthma (HR ¼ 1.68, 95% CI: 1.00, 2.83) and
benign breast disease (HR ¼ 1.56, 95% CI: 1.08, 2.26) were
both associated with an increased risk of thyroid cancer in
women.

Despite small numbers of males with thyroid cancer, we
observed a significantly elevated risk of thyroid cancer for
those who reported any history of benign thyroid conditions
(n ¼ 4 cases; HR ¼ 4.65, 95% CI: 1.62, 13.34). Statistically
significant associations were found for goiter (HR ¼ 9.28,
95% CI: 1.25, 69.17) and benign nodules or adenomas
(HR ¼ 32.75, 95% CI: 9.12, 117.53).

We found no clear associations between any of the re-
productive factors and thyroid cancer incidence. Refer to
Table 3.

Height was not significantly associated with thyroid
cancer risk for women or men (Table 4). Greater weight
modestly increased risk for women (P-trend ¼ 0.04).
BMI �35 kg/m2 (vs. 18.5–24.9 kg/m2) was associated with
an elevated risk, particularly for women (HR ¼ 1.74, 95%
CI: 1.03, 2.94; P-trend ¼ 0.04). Compared with never smok-
ing, current cigarette smoking was associated with a reduced
risk (HR for women ¼ 0.54, 95% CI: 0.35, 0.82; HR for
men ¼ 0.31, 95% CI: 0.09, 1.04). There was some evidence
that greater smoking intensity, but not duration (data not
shown), was associated with a lower risk of thyroid cancer
within groups of former and current smokers. Alcohol
intake was not clearly associated with risk.

Table 3. Hazard Ratios and 95% Confidence Intervals for the

Association of Thyroid Cancer With Reproductive and Hormonal

Factors, US Radiologic Technologists Study, 1983–2006a

No. of
Casesb

HRc 95% CI

No. of births

Nulliparous 59 1.00 Reference

1 39 0.95 0.63, 1.42

2 85 0.97 0.69, 1.36

�3 50 0.87 0.59, 1.29

P-trend* 0.61

Age at menarche, years

<12 71 1.00 Reference

12–13 122 0.65 0.49, 0.88

14–15 35 0.63 0.42, 0.94

�16 9 1.45 0.72, 2.92

P-trend* 0.14

Oral contraceptive use

Never user 44 1.00 Reference

Ever user 197 1.28 0.91, 1.82

<5 years of use 100 1.29 0.89, 1.87

�5 years of use 90 1.24 0.84, 1.81

Menopausal status

Premenopausal 196 1.00 Reference

Natural menopause 18 0.69 0.37, 1.28

Hysterectomy, both
ovaries removed

18 0.85 0.49, 1.45

Hysterectomy, still
has �1 ovaries/unknown

4 0.65 0.21, 1.96

Other/unknown reason 6 1.49 0.64, 3.46

Menopausal hormone
therapy used

Never user 13 1.00 Reference

Ever user 33 1.16 0.61, 2.24

Abbreviations: CI, confidence interval; HR, hazard ratio.

*P-trend based on ordinal score variable.
a Women only (n ¼ 69,506).
b Number of cases may be inconsistent because of missing values.
c Adjusted for birth year, smoking status, body mass index, number

of personal radiographs to the head or neck, cumulative occupational

radiation dose, and medical history of benign thyroid conditions.
d Among postmenopausal women only.
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Table 4. Hazard Ratios and 95% Confidence Intervals for the Association of Thyroid Cancer

With Anthropometric Factors, Smoking, and Alcohol Intake, US Radiologic Technologists Study,

1983–2006

Women Men

No. of
Casesa

HRb 95% CI
No. of
Casesa

HRb 95% CI

Height quartilec

1 70 1.00 Reference 13 1.00 Reference

2 47 1.08 0.74, 1.56 13 1.08 0.50, 2.33

3 66 1.19 0.85, 1.67 9 0.73 0.31, 1.71

4 58 1.10 0.78, 1.56 5 0.58 0.20, 1.63

P-trend* 0.46 0.22

Weight quartiled,e

1 52 1.00 Reference 10 1.00 Reference

2 47 1.00 0.67, 1.49 10 1.21 0.49, 2.96

3 69 1.26 0.86, 1.84 6 0.70 0.24, 2.01

4 68 1.43 0.97, 2.11 14 1.81 0.73, 4.50

P-trend* 0.04 0.33

Body mass index, kg/m2

<18.5 6 0.96 0.42, 2.18 0

18.5–24.9 144 1.00 Reference 13 1.00 Reference

25.0–29.9 44 0.90 0.64, 1.27 15 0.89 0.42, 1.90

30.0–34.9 26 1.41 0.92, 2.16 9 1.91 0.80, 4.56

�35.0 16 1.74 1.03, 2.94 3 2.14 0.60, 7.67

P-trend* 0.04 0.11

Smoking status

Never smoker 147 1.00 Reference 21 1.00 Reference

Former smoker 64 0.91 0.67, 1.22 13 0.79 0.39, 1.61

Current smoker 26 0.54 0.35, 0.82 3 0.31 0.09, 1.04

Smoking intensity

Former, <20 cigarettes/day 48 0.99 0.71, 1.37 8 0.96 0.42, 2.21

Former, �20 cigarettes/day 15 0.69 0.40, 1.18 4 0.50 0.17, 1.51

Current, <20 cigarettes/day 19 0.64 0.40, 1.04 2 0.43 0.10, 1.86

Current, �20 cigarettes/day 7 0.38 0.18, 0.82 1 0.20 0.03, 1.49

Alcohol intake

Nondrinker 57 1.00 Reference 10 1.00 Reference

<1 drink/week 95 0.86 0.62, 1.20 13 1.03 0.45, 2.38

1–6 drinks/week 66 0.86 0.60, 1.23 9 0.62 0.25, 1.54

�7 drinks/week 18 0.84 0.49, 1.45 7 0.95 0.35, 2.54

P-trend* 0.45 0.50

Abbreviations: CI, confidence interval; HR, hazard ratio.

*P-trend based on ordinal score variable.
a Number of cases may be inconsistent because of missing values.
b Adjusted for birth year, smoking status, body mass index, number of personal radiographs to

the head or neck, cumulative occupational radiation dose, and medical history of benign thyroid

conditions.
c Height quartiles (cm)—women: <161, 161–164, 165–167, �168; men: <173, 173–178,

179–183, �184.
d Weight quartiles (kg)—women: <54.5, 54.5–60.9, 61.0–68.1,�68.2; men: <73.0, 73.0–79.9,

80.0–88.5, �88.6.
e Also adjusted for height.
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None of the types of physical activity we examined were
significantly associated with risk. Refer to Table 5.

In sex-specific analyses, we did not observe statistically
significant interactions for any of our exposures with smok-
ing status (ever vs. never) or obesity (<30 vs. �30 kg/m2).
When we used more specific endpoints, such as confirmed
or papillary thyroid cancer, none of our results changed
markedly. Because hormonal factors around the time of
menopause may play a role in thyroid cancer, we also ex-
amined the results for women separately by cancer diag-
nosed before and after age 50 years. We observed slightly
stronger associations for a medical history of benign thyroid
conditions for thyroid cancers diagnosed at younger versus
older ages. In contrast, the inverse association for cigarette
smoking was slightly stronger for cancer diagnosed at older
ages. No differences by age at cancer diagnosis were ob-
served regarding other exposures in this study.

DISCUSSION

In this prospective study of US radiologic technologists,
we found that a self-reported history of goiter or benign

thyroid adenomas and nodules significantly elevated the risk
of thyroid cancer for women and men. A significant in-
creased risk was also observed for women reporting hyper-
thyroidism, asthma, and benign breast disease. Greater
weight and obesity were positively associated, while smok-
ing was inversely associated, with thyroid cancer risk for
women. Similar associations were observed among men,
although they were based on few incident cases. We did
not find significant associations for thyroiditis, hyperten-
sion, diabetes, reproductive factors, height, alcohol intake,
or physical activity.

Because thyroid cancer is a relatively rare malignancy
(1–3, 7), most of the epidemiologic studies of nonradiation
risk factors for thyroid cancer have used a case-control de-
sign. A pooled analysis of 14 thyroid cancer case-control
studies, including 2,725 cases and 4,776 controls, investi-
gated a number of factors, including BMI (5), reproductive
and hormonal factors (16, 17), benign thyroid conditions (18),
diet (19, 20), smoking (21), and alcohol consumption (21)
across diverse populations. The strongest and most consistent
results from this international pooled case-control analysis

Table 5. Hazard Ratios and 95% Confidence Intervals for the Association of Thyroid Cancer

With Physical Activity Level Over the Past Year, US Radiologic Technologists Study, 1983–2006

Women Men

No. of
Casesa

HRb 95% CI
No. of
Casesa

HRb 95% CI

Strenuous exercisec

None 57 1.00 Reference 9 1.00 Reference

<1 hour/week 26 0.96 0.60, 1.53 3 0.58 0.15, 2.16

�1 hours/week 29 0.81 0.51, 1.29 6 0.77 0.26, 2.23

P-trend* 0.40 0.59

Walking/hiking for exercisec

None 24 1.00 Reference 5 1.00 Reference

<1 hour/week 27 0.79 0.45, 1.37 6 0.93 0.28, 3.08

�1 hours/week 64 0.92 0.58, 1.49 6 0.59 0.18, 1.97

P-trend* 0.94 0.37

Walking at home or workc

None 3 0.52 0.16, 1.64 1 0.86 0.11, 6.65

<1 hour/week 18 1.05 0.64, 1.74 4 1.37 0.44, 4.23

�1 hours/week 95 1.00 Reference 13 1.00 Reference

P-trend* 0.47 0.82

Total MET-score tertilec,d

1: Low activity 31 1.00 Reference 7 1.00 Reference

2: Medium activity 38 1.33 0.83, 2.14 3 0.50 0.13, 1.94

3: High activity 40 1.37 0.85, 2.20 7 1.11 0.38, 3.20

P-trend* 0.19 0.92

Abbreviations: CI, confidence interval; HR, hazard ratio; MET, metabolic equivalent task.

*P-trend based on ordinal score variable.
a Number of cases may be inconsistent because of missing values.
b Adjusted for birth year, smoking status, body mass index, number of personal radiographs to

the head or neck, cumulative occupational radiation dose, and medical history of benign thyroid

conditions.
c Collected in only the second questionnaire (1994–1998) (89.6% of the study population).
d MET tertiles—women: <20, 20–55, �56; men: <18, 18–49, �50.
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were in relation to benign thyroid conditions, particularly
goiter, benign nodules/adenomas, and hyperthyroidism, but
no association was observed for hypothyroidism (18); the re-
sults did not differ according to histology, and relative risks
were generally stronger for men.

A prospective study in San Francisco, California, found
no association for hypothyroidism and hyperthyroidism,
but, similar to our study, goiter increased the risk more than
3-fold (relative risk ¼ 3.36, 95% CI: 1.82, 6.20) (22). Goiter
and thyroid nodules are strongly and consistently associated
with thyroid cancer in epidemiologic studies and may share
similar risk factors with thyroid cancer, including diet,
smoking, and iodine deficiency (23). The association we
observed for hyperthyroidism may reflect more frequent
thyroid examinations among participants with a history of
goiter or benign thyroid nodules; in fact, the association was
attenuated after excluding participants who also reported
a history of goiter (HR ¼ 1.90, 95% CI: 0.94, 3.86) or
nodules (HR ¼ 1.73, 95% CI: 0.63, 4.69). Nonetheless,
we did not have information on the type of hyperthyroidism
or the treatments given for thyroid diseases, and, without
diagnostic confirmation, some of these conditions may be
subject to misclassification.

We observed a significant increased risk of thyroid cancer
for women with a medical history of asthma. However, re-
sults from other epidemiologic studies are equivocal. Two
case-control studies showed no associations for medical
history of asthma (9, 10) or other allergic conditions (10).
Inverse associations for history of asthma and other allergic
disorders were observed in a Swedish case-control study,
particularly among women (11), and a positive association
between history of allergies and medullary thyroid cancer
risk was shown in the pooled case-control study (8). A his-
tory of allergies has been suggested to reduce cancer risk
through a heightened immunologic response, but this hy-
pothesis has received little support and is considered con-
troversial (24). Although smoking is less common among
individuals with asthma (24), adjustment for smoking did
not change the results. Restricting the results to never
smokers did attenuate the association for asthma slightly
among women (HR ¼ 1.43, 95% CI: 0.73, 2.81), but the
number of cases also decreased appreciably (119 to 79).
Similar to patients with thyroid disease, asthma patients
may be under close medical surveillance and therefore
may have a greater chance than the general population of
thyroid cancer being diagnosed.

Our finding of an association between benign breast dis-
ease and thyroid cancer risk, if not the result of detection bias,
may provide further evidence of a common underlying mech-
anism for breast and thyroid diseases. An increased risk of
breast cancer has been observed for individuals with a history
of thyroid cancer (25) and certain types of benign breast
disease (26). Currently, it is unclear whether the association
between benign breast disease and thyroid cancer in this
study is attributable to a biologic exposure, such as circulat-
ing hormone levels (27), or to greater medical surveillance.
Misclassification of benign breast disease was also a concern
in this study; benign breast disease encompasses a wide range
of conditions (27), and we did not have detailed information
on the specific types of benign breast disease.

While most (10, 28–30), but not all (9, 31, 32), case-
control studies of thyroid cancer and cigarette smoking,
including the pooled case-control study (21), support an
inverse association, prospective studies have been less con-
sistent (22, 33, 34). This difference may reflect a greater
potential for residual confounding in most prospective stud-
ies, which are less likely to have information on thyroid
cancer risk factors, including benign thyroid conditions
and radiation exposure. In our prospective study, which
had detailed covariate information, current smoking was
associated with a reduced risk of thyroid cancer, and there
was some evidence that the risk decreased with greater
intensity, but not duration, of smoking.

The pooled thyroid cancer case-control study found a pos-
itive, but small, association for BMI, particularly among
women (highest to lowest tertile, odds ratio ¼ 1.2, 95%
CI: 1.1, 1.5) (5). A positive association between BMI and
thyroid cancer risk was also observed in several subsequent
case-control (28, 35, 36) and prospective (37–39) studies,
including those restricted to men (38, 39). However, no clear
association was observed among Swedish male construction
workers (�30 vs. 18.5–24.9 kg/m2; relative risk ¼ 0.98,
95% CI: 0.49, 1.96; P-trend ¼ 0.48) (40). There was also
no association between BMI (�25 vs. <25 kg/m2) and thy-
roid cancer risk for men and women in the San Francisco
study (relative risk ¼ 1.08, 95% CI: 0.74, 1.56) (22). None-
theless, our results are supported by a recent meta-analysis
based on prospective observational studies, which found
a relative risk of 1.33 (95% CI: 1.04, 1.70) for men and
1.14 (95% CI: 1.06, 1.23) for women for each 5-unit in-
crease in BMI (41). Assuming a causal relation between
obesity and thyroid cancer, we estimate that 6% of thyroid
cancer is attributable to obesity in this cohort, based on our
results and the 11% prevalence of obesity. In the general US
adult population, where the prevalence of obesity was 33%
in 2004 (42), this figure translates to a population attribut-
able risk of 17% (43). The increasing prevalence of obesity
may be one explanation for the increasing incidence of thy-
roid cancer in the United States over the past 3 decades, but
this hypothesis should be explored in future prospective
studies.

Some biologic mechanisms have been proposed that may
explain the associations we observed in this cohort. In lab-
oratory studies, thyroid-stimulating hormone (TSH) has
been shown to regulate the growth and differentiation of
thyroid cells (44). Current smokers may have lower levels
of TSH compared with former or never smokers (45, 46),
and TSH levels may be elevated in people who are obese
(47–51). TSH may also increase during puberty, during
pregnancy, or while taking oral contraceptives (23, 52).
Nonetheless, prospective studies examining levels of TSH
in relation to thyroid cancer risk for humans are lacking. In
addition, prospective studies on the association of TSH with
potential thyroid cancer risk factors, particularly obesity
(47), are needed to elucidate whether TSH is a cause or
a consequence of these conditions. Estrogen may also play
a role in thyroid carcinogenesis given the large sex differ-
ence in thyroid cancer incidence; however, epidemiologic
evidence linking reproductive or hormonal factors to thyroid
cancer has been inconsistent (16, 17, 22, 33, 53–57).
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Although estrogen receptors have been found on thyroid
tumors (58), and estrogen promotes thyroid carcinogenesis
in rats (59), studies of circulating estrogens and thyroid
cancer risk have not been conducted to our knowledge.
Our study generally does not support a clear role for repro-
ductive or hormonal factors in thyroid carcinogenesis. How-
ever, we had limited numbers of thyroid cancer cases to
assess the risk for menopausal status and use of hormone
therapy.

Despite the relatively large size of this prospective study,
the number of male cases was still small. The fairly young
age distribution of the cohort also resulted in a limited num-
ber of postmenopausal women in this study. A strength of
this study compared with several previous prospective stud-
ies (33, 34, 37–40) is the availability of information on
several established and potential thyroid cancer risk factors,
including benign thyroid conditions, radiation exposure,
cigarette smoking, and BMI, as well as information on thy-
roid cancer histology. Furthermore, because of their train-
ing, radiologic technologists may more accurately report
medical history information compared with the general pop-
ulation. For instance, although studies relying primarily on
self-report may underestimate the number of incident cases,
the accuracy of self-reported thyroid cancers was high in
this cohort (positive predictive value ¼ 92.3%) (13). Mis-
classification over the follow-up period is a potential limi-
tation given the approximate 10-year interval between
questionnaires, but we had updated exposure information
for participants who responded to a second questionnaire.

Internal comparisons within this cohort showed that oc-
cupational radiation generally did not increase thyroid can-
cer risk (60), and personal and occupational radiation
exposures were not associated with the nonradiation factors
examined in this study. The relative homogeneity of this
group with regard to socioeconomic status, occupational
exposures, and thyroid cancer screening most likely reduced
the potential for bias within the study. However, because
radiologic technologists may be monitored more closely
for thyroid abnormalities, the generalizability of these
findings may be limited.

Some findings from this prospective study warrant further
investigation, particularly the positive associations for his-
tory of asthma and benign breast disease. Consistent with
previous studies, we found that benign thyroid conditions
(except thyroiditis) and obesity increase and current smok-
ing reduces the risk of thyroid cancer in men and women.
These findings provide additional evidence that obesity may
partially contribute to the rising frequency of thyroid cancer.
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