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Background: The prevalence of hyperthyroidism and hypothyroidism is 0.5–4% in iodine-replete communities,
but it is 5–10 times higher in women than in men. Those conditions are associated with a broad range of
metabolic disorders and cardiovascular diseases. Biological evidence of a role of thyroid hormones in carci-
nogenesis also exists. However, the association between thyroid dysfunction and cardiovascular disease or
cancer mortality risk remains controversial. In a large cohort of women, the associations of hyperthyroidism and
hypothyroidism with cause-specific mortality were evaluated after nearly 30 years of follow-up.
Methods: The prospective study included 75,076 women aged 20–89 years who were certified as
radiologic technologists in the United States in 1926–1982, completed baseline questionnaires in 1983–
1998 from which medical history was ascertained, and reported no malignant disease or benign thyroid
disease except thyroid dysfunction. A passive follow-up of this cohort was performed through the Social
Security Administration database and the National Death Index-Plus. Cause-specific mortality risks were
compared according to self-reported thyroid status, with proportional hazards models adjusted for
baseline year and age, race/ethnicity, body mass index, family history of breast cancer, and life-style and
reproductive factors.
Results: During a median follow-up of 28 years, 2609 cancer, 1789 cardiovascular or cerebrovascular, and
2442 other non-cancer deaths were recorded. Women with hyperthyroidism had an elevated risk of breast
cancer mortality after 60 years of age (hazard ratio [HR] = 2.04 [confidence interval (CI) 1.16–3.60], 13
cases in hyperthyroid women) compared to women without thyroid disease. Hypothyroid women had
increased mortality risks for diabetes mellitus (HR = 1.58 [CI 1.03–2.41], 27 cases in hypothyroid women),
cardiovascular disease (HR = 1.20 [CI 1.01–1.42], 179 cases), and cerebrovascular disease (HR = 1.45 [CI
1.01–2.08], 35 cases, when restricting the follow-up to ‡10 years after baseline). Other causes of death
were not associated with hyperthyroidism or hypothyroidism, though there was a suggestion of an elevated
risk of ovarian cancer mortality in hyperthyroid women based on very few cases.
Conclusion: The excess mortality risks observed in a large, prospective 30-year follow-up of patients with
thyroid dysfunction require confirmation, and, if replicated, further investigation will be needed because of
the clinical implications.

Keywords: hyperthyroidism, hypothyroidism, breast cancer, ovarian cancer, cardiovascular mortality,
women’s health

Introduction

Thyroid dysfunction can present with elevated (hy-
perthyroidism) or decreased (hypothyroidism) produc-

tion of hormones by the thyroid gland. The prevalence of

these conditions is 0.5–4% in iodine-replete communities,
and it is 5–10 times higher in women than in men (1,2). Both
hyperthyroidism and hypothyroidism have been associated
with an increased risk of digestive and behavioral/mental
disorders (3,4), infertility and other reproductive disorders
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(5), metabolic disorders (e.g., dyslipidemia, homocysteine
alterations), and a broad range of cardiovascular and cere-
brovascular diseases (6).

Thyroid hormones may also be involved in carcinogenesis.
In vitro and in vivo studies have showed that they play a role
in regulating cancer-cell proliferation through mechanisms
including angiogenesis, immunoreactivity, and estrogen-like
pathways (7–12). Epidemiological studies have also reported
increased risks of breast (13–19), lung (13,20–23), upper
aerodigestive tract (15), pancreas (20), stomach (14,22),
kidney (13,14), prostate (18,21), ovarian (24), and uterine
(25) cancer in individuals with hyperthyroidism, and de-
creased risks in those with hypothyroidism (17,26). However,
results have not been consistent (26–28).

The overall impact of thyroid dysfunction on mortality
remains uncertain. Recent meta-analyses of epidemiological
studies have estimated that clinically diagnosed hyperthy-
roidism (29,30) and hypothyroidism (31) are each associated
with approximately a 20% increase in all-cause and cardio-
vascular mortality. Results were inconsistent across the
studies, however, which likely reflects differences in study
designs and methods (29–31). Some studies also had insuf-
ficient statistical power to investigate cancer-specific mor-
tality (16,20,22,23,32,33). Large registry-based studies, with
diagnoses of hyperthyroidism and hypothyroidism ascer-
tained from hospital discharge claims (22,34,35) or blood
measurements recorded in laboratory databases (36,37),
provided very good statistical power but generally lacked
information on comorbidities (22,37), disease-risk factors,
and treatments (22,34–37). Those limitations make it difficult
to evaluate whether the reported excess risks of cancer and
cardiovascular mortality were attributable to thyroid dys-
function, treatments for this disorder, or confounding factors
(29–31,36).

The current study evaluated the association between self-
reported hyperthyroidism or hypothyroidism and cause-
specific mortality while accounting for potential confounding
factors and treatment by radioactive iodine among 75,000
women enrolled in the U.S. Radiologic Technologists
(USRT) cohort study (38,39).

Material and Methods

Source population

The USRT study was primarily designed to investigate
occupational radiation exposure and cancer risks. Details on
the methods and population characteristics can be found in
previous publications (38–40) and at the study Web site
(https://radtechstudy.nci.nih.gov/). Briefly, the cohort en-
rolled all radiologic technologists identified from records of
the American Registry of Radiologic Technologists during
1926–1982, who were certified for at least two years and
resided in the United States. With a participation rate of 76%,
the cohort included 110,418 individuals (83,748 women)
who responded to at least one of two baseline questionnaire
surveys administered in 1983–1989 and 1994–1998. These
questionnaires elicited information regarding employment as
a radiologic technologist, socio-demographic information,
life-style factors and other disease risk factors, and repro-
ductive and past medical history, including specific thyroid
conditions and treatments. Vital status was ascertained
through December 31, 2012, by linkage of the cohort with the

Social Security Administration database. Individuals who
died or were presumed to have died or for whom vital status
was unknown were linked with the National Death Index-
Plus (40). The study was approved by the Institutional
Review Boards of the National Cancer Institute and the
University of Minnesota.

Analytic cohort

The current analyses were conducted among women en-
rolled in the USRT cohort who were cancer free (apart from
non-melanoma skin cancer) at the time of the baseline
questionnaire (N = 80,074) to avoid the inclusion of partici-
pants with cancer-related thyroid dysfunction. Due to small
numbers of male participants and the low prevalence of
thyroid dysfunction among them, men were excluded from
the analytic population. Women who reported thyroid disease
of unknown or unspecified type (n = 3535); thyroiditis, goiter
of unknown etiology, or thyroid nodules without thyroid
dysfunction (n = 1410); and those aged ‡90 years at study
entry (n = 19) or with less than a year of follow-up (n = 34)
were also excluded. Women who reported bilateral oopho-
rectomy prior to baseline were removed in analyses of
ovarian cancer mortality (n = 4152).

After these exclusions, the analytic cohort comprised
75,076 women (70,924 in ovarian cancer analyses), of whom
62,996 responded to the first questionnaire (1983–1989) and
12,080 to the second questionnaire as baseline (1994–1998).
Participants were classified as having no thyroid disease
if they did not report any prior diagnosis of hypothyroid-
ism, hyperthyroidism, thyroiditis, goiter, malignant tumor, or
benign nodule. Hypothyroidism and hyperthyroidism were
considered mutually exclusive for the purposes of the
analysis. Women who reported both hyperthyroidism and
hypothyroidism at baseline were recoded as only having
hyperthyroidism, since hypothyroidism in these women was
likely induced by a previous treatment for hyperthyroidism
(4). Classification of the causes of death is detailed in Sup-
plementary Table S1 (Supplementary Data are available
online at www.liebertpub.com/thy).

Statistical analyses

Cumulative absolute (crude) risks of death were estimated
depending on baseline thyroid disease status (hyperthyroid-
ism, hypothyroidism, or no thyroid disease) as the probability
of dying from a specific cause between baseline and a given
attained age, accounting for competing causes of death and
the fact that cohort members had various ages at study entry.
Multivariable adjusted hazard ratios (HRs) compared the risk
of deaths from specific causes between women who reported
a history of hyperthyroidism or hypothyroidism and those
who did not. HRs were estimated in Cox proportional hazards
models fitted with age as timescale (as an adjustment for age)
and stratified on baseline year (1983–1985, 1986–1990,
1991–1995, and 1996–1998) to account for secular trends in
mortality rates and variable times since ascertainment of
thyroid status and possible confounders. Entry age was de-
fined as age at completion of the first questionnaire and exit
age as age at death, age 90, or December 31, 2012, whichever
occurred first.

Possible confounding factors were outcome specific and
defined prior to analyses. These factors included race/ethnicity,
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body mass index (BMI), smoking status, alcohol consump-
tion, first-degree family history of breast cancer and repro-
ductive factors, which included use of hormone replacement
therapy (HRT) for menopause, duration of use of oral con-
traceptives, age at menarche, and age at first live birth, de-
pending on the outcome considered (Supplementary Table S2)
(41,42). Additional adjustment for marital status, education,
and organ doses from occupational radiation exposures (as
estimated by Simon et al.) (43), for which there was no
a priori hypothesis on a potential relation to thyroid dys-
function, did not change the risk estimates for any of the
outcomes examined and were thus not included in the final
models. Results for breast and gynecological cancers also did
not change with alternative adjustment for number of preg-
nancies, number of live births, age at first use of HRT for
menopause, age at first use of oral contraception, or duration
of the reproductive life (defined as age at menopause or age
52 when age at menopause was unknown, minus age at
menarche). These factors were also not included in the final
models. BMI, race/ethnicity, smoking, alcohol consumption,
and reproductive factors were evaluated as potential effect
modifiers. Effect modification of the hyperthyroidism results
by radioactive iodine treatment was evaluated among the first
questionnaire respondents (treatment information was not
collected in the second questionnaire).

To validate the proportional hazards assumption, plots of
scaled Schoenfeld residuals for thyroid status against age
were investigated, and the correlation between these residu-
als and the natural logarithm of age was formally tested (44).
For breast cancer, the proportionality assumption was vali-
dated only after stratifying the analyses by attained age £60
or >60 years. The results are thus reported separately by at-
tained age category for this outcome. HRs are not reported for
unknown causes of death. The analyses were performed using
SAS v9.3 and ‘‘survival’’ package in R v3.1.3 software (45).

Results

In 75,076 women, baseline prevalence of hyperthyroid-
ism and hypothyroidism was 2.0% and 5.9%, respectively,
overall, with increasing rates with age (Fig. 1). At baseline
questionnaire completion, women with thyroid dysfunction
were older and more likely to be current or former smokers,

to be overweight or obese, to have had more pregnancies
(data not shown), to be postmenopausal (data not shown), to
have received HRT, and to have never used oral contracep-
tives than women without thyroid disease were (Table 1).
Hyperthyroidism and hypothyroidism were diagnosed ‡10
years before study entry in 62.1% and 67.4% of women,
respectively. Treatment by radioactive iodine was reported at
baseline in 22.8% of first questionnaire-respondents report-
ing hyperthyroidism.

During a median follow-up of 28 years (maximum 30 years),
2609 (3.5%) women died from cancer, 1789 (2.4%) from
cardiovascular or cerebrovascular disease, 2442 (3.3%) from
other non-cancer causes, and 177 (0.2%) from unknown cau-
ses. Overall, cumulative absolute risks of cancer (14–16%) and
non-cancer (43–50%) mortality by the age of 90 years varied
little with thyroid status (Supplementary Table S3). However,
cumulative absolute risks of death from breast (4.2%) and
ovarian (1.6%) cancer by 90 years of age was almost twice as
high among women with hyperthyroidism than it was among
women with hypothyroidism or no thyroid disease (Fig. 2 and
Supplementary Table S3). Conversely, cumulative absolute
risks of death from diabetes mellitus (2.2%) or cardiovascular
disease (19.1%) by 90 years of age were the highest among
women with hypothyroidism.

In multivariable-adjusted models, hyperthyroidism was
associated with a significantly higher risk of breast cancer
mortality after 60 years of age (HR = 2.04 [confidence interval
(CI) 1.16–3.60]), but not at younger ages, and a non-significant
increased risk of ovarian cancer mortality (HR = 1.65 [CI
0.81–3.37]; Table 2). Hypothyroidism was associated with
a significantly higher risk of death from diabetes mellitus
(HR = 1.57 [CI 1.03–2.40]) and cardiovascular disease (HR =
1.21 [CI 1.04–1.42]). No other increased risks were observed
for either hyperthyroidism or hypothyroidism.

No evidence was observed of effect modification of these
associations by BMI, race/ethnicity, smoking, alcohol con-
sumption, or reproductive factors. The association between
hyperthyroidism and breast cancer mortality was not modi-
fied by radioactive iodine treatment (Table 3). However, the
positive association with ovarian cancer mortality appeared
to be restricted to women treated with radioactive iodine
(HR = 5.33 [CI 2.17–13.08]), based on 5 and 143 cases in the
exposed and unexposed groups, respectively.

In sensitivity analyses, the results were mostly confirmed
after excluding the first 10 years of follow-up (to reduce the
probability of reverse association due to prior disease or
treatment; n = 74,014), with the exception that the risk of
death from cerebrovascular disease was significantly in-
creased in women with hypothyroidism (HR = 1.45 [CI 1.01–
2.08]; 35 cases). The risk estimates were unchanged when
excluding women with hypothyroidism who reported treat-
ment with radioactive iodine (n = 18), which likely reflects
prior unreported hyperthyroidism, or who had missing
treatment information (n = 173; results not shown).

Discussion

In this large cohort, an increase in breast cancer mortality
after 60 years of age was found among women with hyper-
thyroidism and increases in diabetes mellitus, cardiovascu-
lar disease, and cerebrovascular disease mortality among
women with hypothyroidism. No significant association was

FIG. 1. Baseline prevalence of self-reported thyroid dys-
function by age group.
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Table 1. Main Baseline Characteristics of the Study Population (%)

No thyroid
disease

(N = 69,119)

Hyperthyroidism
(N = 1501)

Hypothyroidism
(N = 4456)

% % p % p

Socio-demographic characteristics
Year of study entry 1983–1985 59 53 <0.001 55 <0.001

1986–1990 25 23 23
1991–1995 8 12 10
1995–1998 8 12 12

Age at baseline (years) <30 19 9 <0.001 6 <0.001
30–39 43 32 32
40–49 24 31 34
50–59 9 17 18
‡60 5 12 11

Age at study exit (years) <60 38 22 <0.001 19 <0.001
60–69 41 40 41
‡70 21 38 40

Race/ethnicity White 96 93 <0.001 97 <0.001
Black 3 5 1
Others/unknown 2 2 2

Life-style factors and medical history
Smoking status Never smoked 51 43 <0.001 46 <0.001

Former smoker <10 pack-years 16 15 17
Former smoker ‡10 pack-years 8 13 14
Current smoker <10 pack-years 7 7 5
Current smoker ‡10 pack-years 14 19 16
Unknown status,

quantity or duration
2 3 3

Alcohol consumption Never or <1 drink a week 60 62 <0.001 64 <0.001
1–6 drinks a week 30 26 25
>6 drinks a week 9 9 9
Unknown 2 4 3

Body-mass index (kg/m2) <18.5 4 4 NS 3 <0.001
18.5–24.9 69 66 52
25.0–29.9 17 18 25
‡30.0 7 9 18
Unknown 3 3 3

1st-degree family history
of breast cancer

No 94 93 NS 93 <0.01
Yes 6 7 7

Reproductive factors
Age at menarche (years) <12 20 20 <0.01 24 <0.001

12–14.9 70 67 65
‡15 9 11 9
Unknown 2 3 2

Age at first live birth (years) No live birth 23 21 NS 19 <0.001
<21 18 17 17
21–25.9 30 29 31
26–30.9 13 14 16
‡31 6 8 9
Unknown 11 12 9

Use of oral contraceptives Never took
oral contraceptives

23 32 30

>0–2 years 21 20 <0.001 23 <0.001
3–4 years 16 14 13
5–9 years 25 20 19
‡10 years 11 11 10
Unknown 4 4 5

Use of hormone replacement
therapy for menopause

No 77 60 <0.001 56 <0.001
Yes 22 39 43
Unknown 1 2 1

N, number of women; %, column percentages; p, p-value for heterogeneity; NS, not significant ( p ‡ 0.05).
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FIG. 2. Cumulative absolute risks of death from specific cause depending on baseline thyroid dysfunction.
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found between hyperthyroidism or hypothyroidism and other
causes of death, although there was a suggestion of an ele-
vated risk of ovarian cancer mortality among women with
hyperthyroidism based on very few cases. These results
provide evidence linking thyroid dysfunction with cause-
specific mortality outcomes. The multivariable-adjusted risk
of breast cancer mortality (cumulative absolute risk: 4%) was

estimated to be about twofold higher among women with
hyperthyroidism compared to women without thyroid dis-
ease. In hypothyroid women, the risk of dying from diabetes
mellitus, cerebrovascular disease, or cardiovascular disease
(cumulative absolute risks: 2%, 5%, and 19%, respectively)
was respectively about 60%, 30%, and 20% higher than
among women without thyroid disease.

Table 2. Cause-Specific Hazard Ratios of Mortality Associated with Thyroid Dysfunction

Versus no Thyroid Disease

No thyroid disease
(N = 69,119)

Hyperthyroidism
(N = 1501)

Hypothyroidism
(N = 4456)

Cases Cases HR CI Cases HR CI

Cancer mortality
Colon and rectum 201 1 0.15 [0.02–1.07] 12 0.61 [0.34–1.09]
Pancreas 144 3 0.60 [0.19–1.89] 9 0.65 [0.33–1.27]
Digestive system

(except colon, rectum, pancreas)
118 4 1.00 [0.37–2.72] 15 1.30 [0.76–2.25]

Lung and bronchus 568 19 0.87 [0.55–1.37] 59 1.07 [0.82–1.40]
Breast (age £60 years)a 251 4 0.85 [0.32–2.28] 10 0.74 [0.39–1.39]
Breast (age >60 years)a 183 13 2.04 [1.16–3.60] 26 1.30 [0.86–1.97]
Ovaryb 172 8 1.65 [0.81–3.37] 15 0.96 [0.55–1.67]
Female genital system (except ovary) 85 2 0.82 [0.20–3.36] 6 0.72 [0.31–1.67]
Brain and other nervous system 94 2 0.83 [0.20–3.37] 7 0.92 [0.42–1.99]
Hematopoietic tumor 213 4 0.59 [0.22–1.60] 20 0.91 [0.57–1.44]
Other malignant cancer 304 9 0.89 [0.46–1.74] 28 0.92 [0.62–1.36]

Non-cancer mortality
Infectious and parasitic diseases 124 3 0.70 [0.22–2.21] 16 1.20 [0.71–2.03]
Diabetes mellitus 130 6 1.34 [0.59–3.06] 27 1.57 [1.03–2.40]
Alzheimer’s disease 98 2 0.43 [0.11–1.75] 11 0.85 [0.46–1.59]
Cerebrovascular disease 308 14 1.08 [0.63–1.86] 43 1.28 [0.92–1.76]
Cardiovascular disease 1197 48 0.97 [0.73–1.30] 179 1.21 [1.04–1.42]
Pneumonia and influenza 108 3 0.67 [0.21–2.10] 15 1.23 [0.71–2.13]
Chronic obstructive pulmonary disease 288 15 1.13 [0.67–1.90] 38 1.13 [0.80–1.59]
Chronic liver disease and cirrhosis 88 3 1.27 [0.40–4.02] 4 0.49 [0.18–1.34]
Nephritis, nephrotic syndrome

and nephrosis
73 1 0.31 [0.04–2.23] 6 0.59 [0.25–1.36]

Suicide and external cause 303 11 1.31 [0.72–2.41] 28 1.14 [0.77–1.68]
Other non-cancer causes 892 37 1.13 [0.81–1.57] 112 1.16 [0.95–1.41]

aRight (age £60 years) or left (age >60 years) truncature to fulfill the assumption of hazards proportionality.
bExcluding women who had undergone a bilateral oophorectomy before study entry. Bold indicates that CI does not include 1.
HR, hazard ratio; CI, confidence interval.

Table 3. Cause-Specific Hazard Ratios of Mortality Associated with Hyperthyroidism

Versus no Thyroid Disease in Women who Had Ever or Never Been Treated

by Radioactive Iodine at the Baseline Questionnaire in 1983–1989

No thyroid disease
(N = 58,362)

Hyperthyroidism

Not treated by radioactive iodine
(N = 818)

Treated by radioactive iodine
(N = 261)

Cases Cases HR CI Cases HR CI

Breast cancer (age £60 years)a 233 2 0.66 [0.16–2.66] 0 0.00 N/A
Breast cancer (age >60 years)a 165 8 2.29 [1.12–4.67] 2 1.48 [0.37–6.02]
Ovary cancerb 143 2 0.79 [0.19–3.18] 5 5.32 [2.16–13.08]
Other cancer site 1492 25 0.75 [0.50–1.11] 10 0.92 [0.50–1.72]
All non-cancer causes 3062 79 1.05 [0.84–1.32] 27 1.10 [0.75–1.61]

aRight (age £60 years) or left (age >60 years) truncature to fulfill the assumption of hazards proportionality.
bExcluding women who had undergone a bilateral oophorectomy before study entry. Bold indicates that CI does not include 1.
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Breast cancer

Because thyroid hormone regulates normal breast tissue
development (46) and also plays a role in regulating sex
steroid hormone levels (47), the possible association be-
tween thyroid dysfunction and risk of breast cancer has been
extensively studied. A recent meta-analysis found an overall
null association between breast cancer risk and hypothy-
roidism (28). Another meta-analysis analysis investigating
hyperthyroidism concluded that there is inconsistent evi-
dence demonstrating an increased risk of breast cancer as-
sociated with hyperthyroidism (27). This conclusion was,
however, based on only four case-control studies that met
the authors’ selection criteria among many other published
findings. The present results are in line with recent pro-
spective studies (14,16,48,49). In particular, a nationwide
registry-based study in Denmark showed a significantly
increased risk with hyperthyroidism (N = 80,343; 2122 cases)
but not with hypothyroidism (N = 61,873; 970 cases), which
persisted after exclusion of women with obesity or alcohol-
related disease diagnoses (17). In this study, the overall
relative risk (RR = 1.1) was lower than in the present study
(HR = 2.0), even in subgroups of age, which was likely influ-
enced by a shorter median duration of follow-up (7 vs. 28 years
in the present study). Two other prospective studies have
shown a positive and strong association between free thy-
roxine (fT4) (49) or triiodothyronine (T3) levels (16,48)
and breast cancer incidence and mortality in postmeno-
pausal women, but no significant association in premeno-
pausal women (16,48). No association was found, however,
with thyrotropin (TSH) levels (21,48,49). The authors sug-
gested that the apparently conflicting results for fT4 and
TSH may have been due to naturally altered regulation in
the hypothalamic–pituitary–thyroid axis with age (49).

Ovarian cancer

Few previous studies have investigated the relation be-
tween thyroid dysfunction and ovarian cancer (24,25,50).
Ness et al. found an almost twofold increased risk in women
aged 20–69 years with prior hyperthyroidism, but no asso-
ciation with hypothyroidism, while accounting for a wide
range of life-style and reproductive factors in a case-control
study of 767 ovarian tumors (24). Conversely, two pro-
spective studies reported no association between thyroid
disease and ovarian cancer. Those studies nevertheless
focused on premenopausal women (25), had limited in-
formation on potential confounders (25), and included
very few cases of ovarian cancers in hyperthyroid women
(25,50). Previous studies also lacked treatment informa-
tion (24,25,50). The present study also has limited informa-
tion on treatment and included few cases of ovarian cancer
in women with hyperthyroidism. Thus, the finding of an in-
creased risk of ovarian cancer mortality after radioactive
iodine treatment should be interpreted cautiously. Increased
risk of ovarian cancer has been documented after exter-
nal radiation exposure (51), but the existence and magnitude
of risk after treatment with radioactive iodine is unknown.
Previous studies investigating long-term outcomes related
to this treatment have studied all gynecological or geni-
tourinary cancers combined together as a single outcome
(13,14,22,23,52,53), and to the authors’ knowledge, none has
reported associations with risk of ovarian cancer alone.

Cardiovascular and cerebrovascular diseases

Evidence on the association between hypothyroidism and
cardiovascular mortality is conflicting (54). Though lacking
information on life-style factors, consistent with the present
findings, a large registry-based study found an increased car-
diovascular mortality in hypothyroid individuals (N = 15,889;
251 cases) but not in hyperthyroid individuals (N = 3888; 11
cases) compared to the general population (55). The study
reported, however, no excess cerebrovascular mortality in re-
lation to thyroid dysfunction, with a maximal follow-up of
eight years. Another prospective study with baseline mea-
surements of serum TSH levels and information on major risk
factors showed no association between hypothyroidism and
mortality from cardiovascular or cerebrovascular disease in
older individuals, but the study had a very small sample size
(51 individuals with overt hypothyroidism) (56). Numerous
studies investigating subclinical hypothyroidism suggested an
increased cardiovascular mortality overall, especially in pop-
ulations with a mean baseline age of <65 years (57,58).

Two meta-analyses estimated a 20% increase in cardiovas-
cular mortality associated with treated (30) or subclinical (29)
hyperthyroidism but noted that the results were very heteroge-
neous across studies due to differences in sample sizes, follow-
up times, definitions of thyroid dysfunction and outcomes, data
collected on comorbidities, and potential confounders. Very few
have considered major risk factors such as obesity and smoking
(56,59). In contrast to the lack of association of hyperthyroidism
with cardiovascular or cerebrovascular disease in the present
investigation, Bauer et al. estimated a 46% increase in mortality
from cardiovascular and cerebrovascular diseases (all taken
together) in 900 white women aged >65 years at diagnosis of
hyperthyroidism and followed for 12 years on average com-
pared to 8600 without this condition (59). It is hypothesized that
those conflicting results might reflect differences in the age of
participants (mean baseline age = 72 years in the study by Bauer
et al. vs. 39 years in the present population) or in treatment
modalities of hyperthyroidism (33).

Diabetes mellitus

Higher mortality from diabetes mellitus in women with
thyroid dysfunction compared to those with normal thyroid
function is not surprising considering that endocrine pathol-
ogies often coexist, with a high prevalence of thyroid dys-
function in women with diabetes (10–40% depending on type
of diabetes) (60). This can result from autoimmune pathways
(diabetes type 1) or impaired glucose metabolism and insulin
resistance worsened by, or coexisting with, thyroid dys-
function (diabetes type 2) (60,61). Obesity, dyslipidemia, and
cardiovascular disease can be mediating factors. Overall,
hyperthyroid individuals have been reported to have a 45%
increase of risk of prevalent or subsequent diabetes mellitus
(62), and a 50–75% increased risk of diabetes mellitus has
also been reported in hypothyroid individuals (63). Literature
on mortality from complications of diabetes in hypo- or
hyperthyroid individuals is, however, very sparse, diabetes
being often analyzed as a comorbid condition for cardio-
vascular mortality (31,35,56,59). The reliability of mor-
tality analyses based on death certificates can indeed been
questioned, since diabetes has been found to be coded as the
underlying cause of death in <10% of diabetic individu-
als, while the remaining often have cardiovascular disease
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recorded as the main death cause (64). The estimates for the
mortality risk from or associated with diabetes mellitus in
women with hypothyroidism are thus likely underesti-
mates.

Strengths and limitations

The major strengths of the present study are the prospec-
tive nature and large population size, the inclusion of a broad
range of ages at baseline, a long follow-up (>60% of the
cohort members were >60 years old at study exit), the com-
pleteness of follow-up through the National Death Index (the
death cause was known for 97.4% of cases), and the avail-
ability of information on major disease risk factors, including
life-style characteristics and reproductive history, which
were unavailable in many previous studies. Unlike registry-
based studies, which provide medically confirmed diagnoses
(often from hospital discharge information) (15,17,18,22,
34,36,37) but have very limited information about potential
confounding exposures, the questionnaire-based study in-
cluded collection of detailed information on a broad range of
risk factors. This population-based study, albeit in an occu-
pational worker cohort, also provides more generalizable
results than a hospital-based study, as thyroid dysfunctions
were found to act differently in people with severe co-
morbidities or past history of cardiovascular events (29).
Selection bias was minimized due to a recruitment of par-
ticipants independent of thyroid disease status and a high
participation rate.

The main limitation of this study is the small numbers of
cases for studying specific cancer sites, such as ovarian
cancer, and other infrequent outcomes, especially for sub-
groups, for example ovarian cancer patients who received
radioactive iodine treatment. Considering the limited statis-
tical power and the multiple comparisons that were per-
formed, the preliminary results reported in the present study
must be interpreted cautiously and replicated in other study
populations. Another limitation is the reliance on self-
reported medical history information. However, compared to
the general population, radiologic technologists would gen-
erally be expected to have a greater understanding and recall
of previously diagnosed medical conditions, which is sup-
ported by similarities in the self-reported prevalence of hy-
perthyroidism (2.0%) and hypothyroidism (5.9%) in the
USRT cohort and prevalence estimates based on blood
measurements of thyroid hormones in community-based sur-
veys conducted in the United States and Europe (hyperthy-
roidism: 0.3–1.4%; hypothyroidism: 5.1–5.5%) (1,2). The
high level of agreement in the cohort between self-reported
thyroid dysfunction and radioactive iodine treatment (22.8%
of women with hyperthyroidism, 0.5% of women with hy-
pothyroidism, and 0.0% of women with no thyroid disease
reported radioactive iodine treatment) also suggests a low
proportion of misclassification. The present study, however,
lacks information on thyroid HRT, antithyroid drugs or sur-
gery, reverse over- or under-production of thyroid hormones,
and radioactive iodine treatment for second questionnaire
respondents. The unavailability of repeatedly administered
questionnaires also prevented considering the possible
modification of thyroid status and life-style factors over time,
which is likely to have occurred considering the very long
study period.

Further directions

After nearly 30 years of follow-up, this large prospective
study suggests an elevated risk of breast cancer mortality in
hyperthyroid women, and increased risks of diabetes mellitus
and cardiovascular or cerebrovascular disease mortality in
hypothyroid women. A possible increase of ovarian cancer
mortality was also found in hyperthyroid women based on
very few cases. However, while current epidemiological and
clinical evidence on the relation between hyperthyroidism, or
its treatment, and the development and progression of ovar-
ian tumor remains weak, further investigations are needed to
confirm this finding because of the important clinical impli-
cations. More generally, further studies should investigate the
role of thyroid dysfunction across the natural history of these
conditions to gain a better understanding of the underlying
mechanisms. Specific analyses on cancer incidence and sur-
vival with adequate sample sizes are necessary to clarify the
role of thyroid dysfunction on tumor initiation, aggressive-
ness, progression and prognosis, and modification by age and
menopausal status.
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