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ORIGINAL ARTICLE

Thyroid hypofunction in aging testicular cancer survivors

Ragnhild V. Nomea,b, Milada Cvancarova Småstuenc, Sophie D. Fossåb,d, Cecilie E. Kiserudd, Bjørn Olav Åsvolde,f

and Trine Bjøroa,b

aDepartment of Medical Biochemistry, Oslo University Hospital, Oslo, Norway; bFaculty of Medicine, Institute of Clinical Medicine, University
of Oslo, Oslo, Norway; cOslo Metropolitan University, Oslo, Norway; dDepartment of Oncology, Oslo University Hospital, Oslo, Norway;
eDepartment of Public Health and Nursing, Faculty of Medicine and Health Sciences, K.G. Jebsen Center for Genetic Epidemiology, NTNU,
Norwegian University of Science and Technology, Trondheim, Norway; fDepartment of Endocrinology, Clinic of Medicine, St Olavs Hospital,
Trondheim University Hospital, Trondheim, Norway

ABSTRACT
Purpose: Thyroid hypofunction is a late effect observed in several groups of cancer survivors, but has
to date not been evaluated in-depth in testicular cancer survivors (TCSs). We investigated the preva-
lence of thyroid hypofunction in long-term TCSs and compared the findings with those of a compari-
son group from the general population.
Patients and Methods: Norwegian TCSs diagnosed with unilateral testicular cancer in the period
1980–1994 (N¼ 1,436) were grouped according to their cancer treatment (Surgery only; Radiotherapy only;
Cisplatin-based chemotherapy, eventually combined with radiotherapy). They were invited to participate in
three surveys covering up to three decades post-diagnosis. Serum thyrotropin (s-TSH) from samples col-
lected from the last survey were analyzed. S-TSH results were also available from a health survey of the
general population performed in a county in mid-Norway (the HUNT3 Survey [comparison group]). Data
on the prescription of thyroid hormone replacement therapy (levothyroxine) from the Norwegian
Prescription Database were obtained for the TCSs and the comparison group’s participants. Thyroid hypo-
function was defined as ‘untreated’ (overt or subclinical) hypothyroidism (with s-TSH �3.5 mIU/L and no
regular prescription of levothyroxine) or ‘treated’ hypothyroidism with regular prescription of levothyroxine.
Results: Three decades after diagnosis the prevalence of thyroid hypofunction (i.e., both treated and
untreated) was 11% in the TCSs and the prevalence ratio was 1.9 indicating an almost doubled preva-
lence in the TCSs compared to the comparison group (prevalence ratio 1.91, 95% CI [1.54; 2.38]).
However, there were no significant differences in the risk of thyroid hypofunction related to the TCSs’
treatment modality.
Conclusion: TCSs may have an increased prevalence of thyroid hypofunction compared to the general
population. Hypothyroidism has negative consequences related both to primary hypogonadism and to
cardiovascular disease. As both conditions are overrepresented in TCSs, regular monitoring of thyroid
hormones may be advisable.
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Introduction

Testicular Cancer Survivors (TCSs) have an increased risk of
several treatment-related side effects, and these conditions
are often similar to those developing during the physio-
logical aging process [1]. These Adverse Health Outcomes
(AHOs) may include disturbances of hormonal axes, in par-
ticular the pituitary-gonadal axis. However, the prevalence of
thyroid dysfunction in this group of cancer survivors is
largely unknown, except for a few studies with conflicting
results [2–5]. Thyroid hypofunction is an AHO encountered
after radiotherapy (RT) in Hodgkin’s lymphoma and breast
cancer survivors where radiation to the thyroid gland is sup-
posed to be the culprit [6–9]. Chemotherapy applied in com-
bination with RT to the head and neck region may have a

synergistic effect, but chemotherapy per se is seldom sus-
pected to cause thyroid hypofunction [7].

The cytotoxic agent cisplatin has been linked to increased
risk of e.g., cardiovascular disease, peripheral neuropathy,
nephropathy, and gonadal dysfunction [10–12], but not
shown to cause thyroid dysfunction [13]. However, as hypo-
thyroidism increases the risk of cardiovascular disease [14], it
is especially interesting to assess thyroid function in TCSs. In
the general population thyroid hyperfunction has low preva-
lence, but the prevalence of thyroid hypofunction is higher
[15,16]. Thyroid hypofunction increases with aging, as does
the prevalence of AHOs in TCSs [1,17,18]. Therefore findings
on thyroid hypofunction in TCSs should be compared to
those from aging men in the general population to assess
the incidence and excess risk of this condition in cancer
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survivors. Data from a survey in Norwegian TCSs (treated
1980–1994) [17,19] and from a survey in the general popula-
tion (the HUNT3 Survey [20]) enable such exploratory and
comparative studies.

With this background, we aimed to

1. Evaluate the prevalence of thyroid hypofunction (i.e.,
both treated and untreated) in aging TCSs compared to
males from the general population.

2. Assess whether different treatment modalities are associ-
ated with subsequent thyroid hypofunction in TCSs.

Patients and methods

Testicular cancer survivors

Survivors treated for unilateral TC in Norway from 1980 to
1994 were included in the national Norwegian Testicular
Cancer Survivor study with three follow-up surveys, the first
took place in �2000 (Survey 1; S1) and the latest in �2016
(Survey 3; S3) [19]. At S3, they had their thyroid function
measured in serum samples at Oslo University Hospital. The
Cancer Registry of Norway provided the date of death
before S3.

Treatment

From 1980 to 1994 post-orchiectomy treatment of TC has in
Norway consisted of three main treatment strategies; surveil-
lance or additional surgery, cisplatin-based chemotherapy
(CBCT), radiotherapy (RT), or a combination of these treat-
ments modalities [19]. The TCSs were divided into three
treatment groups according to their cumulative treatment,
resulting from primary and eventual salvage therapy.

Group 1: Surgery only (orchiectomy with or without retro-
peritoneal lymph node dissection)

Group 2: RT

Group 3: CBCT± infra-diaphragmatical RT

Comparison group: the HUNT3 survey

A comparison group was formed from men aged 39 to
90 years (corresponding to the age range in the TCSs) with
available serum Thyrotropin (s-TSH) values participating in a
large study of the general population performed in a county
in mid-Norway eight years before S3 [16] (The HUNT3
Survey: 2006–2008). The HUNT3 Survey participants had con-
sistent findings regarding hypothyroidism as was expected
based on data from primary care in the county [21]. The
HUNT Study area has comparable distributions of demo-
graphic variables to the rest of the country, except for lack
of large cities, lower immigration, and somewhat lower aver-
age income and education level [22].

Outcomes

Norwegian prescription database

Since 2004, all medication prescribed to non-institutionalized
Norwegian inhabitants is registered in the Norwegian
Prescription Database (NorPD) (www.reseptregisteret.no)
based on an individual identification number. Among TCSs
we identified the men who had received prescribed thyroid
medication based on data from NorPD (drug class and date
of dispensing), available for TCSs at S3 (�2016), and the
comparison group from the HUNT3 Survey (�2008). We sub-
sequently excluded the few men (<1%) using antithyroid
medication. We thus identified entries for medication due to
hypothyroidism for the TCSs who were S1 responders and
who were still alive at the time of S3, independent of their
participation in S3. We did a similar approach for the com-
parison group at the time of the HUNT3 Survey. Usually, thy-
roid hormone replacement therapy (levothyroxine) is used
life-long. Therefore we defined that prescription of levothyr-
oxine for �12months indicated treatment of
hypothyroidism.

s-TSH

In S3, s-TSH was measured on the Cobas 6000 (Roche
Diagnostics, Mannheim, Germany), results were reduced by
15% to match results from the HUNT3 survey based on an
in-house assay comparison showing 10–20% difference (data
not shown) and reported by Thienport et al. [23]. As
unadjusted s-TSH values are relevant for routine practice,
these are also presented herein. However, in all analyses
comparing TCSs to the comparison group, we have used the
adjusted TSH levels to avoid overestimation of thyroid hypo-
function. In the HUNT3 Survey, s-TSH samples were meas-
ured by the use of Architect ci8200 (Abbott, Longford,
Ireland) [16].

Thyroid hypofunction

Based on data from NorPD and the serum analysis of TSH,
we defined total thyroid hypofunction as

1. prescription of levothyroxine for more than 12 months;
treated hypothyroidism or

2. elevated s-TSH, defined as s-TSH �3.5 mIU/L [15] with-
out regular levothyroxine prescription; untreated
hypothyroidism.

Statistical analyses

The outcomes were the prevalence and the prevalence ratio
(PR) of thyroid hypofunction (both treated and untreated
hypothyroidism) in TCSs responding to S3 and in the com-
parison group. The crude outcomes were defined as follows:

Prevalence ¼ Numberofpersonswithoutcome
Totalnumberofincludedpersons
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The PR was calculated for TCSs and the comparison
group:

PrevalenceRatio PRð Þ ¼ PrevalenceinTCSs
Prevalenceincomparisongroup

Subsequently, the PRs for TCSs in different treatment
groups (comparing selected treatment groups) were calcu-
lated:

PrevalenceRatio PRð Þ

¼ PrevalenceinTCSs group2; RTð Þorðgroup3; CBCT þ RTÞ
PrevalenceTCSsðgroup1; surgeryonlyÞ

We also, based on prescription data only, calculated the
PR of treated hypothyroidism in all TCSs included in the sur-
veys and alive at the time of S3, compared to the compari-
son group in the HUNT3 Survey.

Data were described with medians and ranges for con-
tinuous variables and counts with percentages for categorical
variables. The analyses of the primary outcome were based
on S3, the survey with the longest observation time of the
TCSs, and the estimates compared to the HUNT3 Survey.

To accommodate for differences in age distribution in the
TCSs and the comparison group, we fitted generalized linear
models with a logit link to model age-adjusted PRs. The
median age of the TCSs at S3 was used as a cutoff to form
two age groups in the statistical model. ‘Group’ (TCSs vs.
comparison group) and ‘age’ (in two categories) were
entered as fixed effects. The results are presented as point
estimates with 95% confidence intervals (CI).

To evaluate the effect of cumulative exposure to CBCT on
the primary outcome, we fitted linear regression models
using the logarithmic transform of the dependent variable to
fulfill the assumptions of normally distributed residuals. All
tests were two-sided and the significance level was set to
5%. The study was considered exploratory, so we did not
adjust for multiple testing.

Data were analyzed using SPSS version 26 and Stata ver-
sion 14.2.

Ethical considerations

The present study was approved by the Committee for
Medical Research Ethics of the Southern Health Region of
Norway (2015/1264) and the Norwegian Data Inspectorate
(16/01431-2/CDG).

Results

Patient characteristics

Of the 1,436 TCSs responding to S1, s-TSH was available for
N¼ 727 at S3 (Figure 1). The proportions of TCSs with the
diagnosis of seminoma and non-seminoma were similar
(Table 1). The median age at diagnosis was 31 years (range
14–64). At S3 the median age was 60 years (range 39–90)
and at S3, the time period since diagnosis was median
27 years (range 21–36). Twenty percent of the TCSs were in
the Surgery Group, 40% in the RT Group, and finally 40% in
the CBCT ± RT Group. The medical characteristics were

similar in TCSs at S1 and the s-TSH-evaluable TCSs at S3,
respectively (Table 1) [19]. Loss-to follow-up was due to non-
compliance, logistical error, death or migration. The men in
the comparison group (N¼ 17,824) were slightly younger
than the TCSs with a median age of 58 (range 39–90)
years (p¼ 0.001).

Thyroid hypofunction

At S3, the prevalence of untreated hypothyroidism was 5.9%
(12% using the unadjusted s-TSH level), the majority was bio-
chemical (subclinical) hypothyroidism (i.e., s-TSH �3.5–10
mIU/L and serum-free thyroxine in the lower reference inter-
val) (Table 2). The total prevalence of thyroid hypofunction
(i.e., both treated and untreated) among the 727 TCSs, was
11% (Table 2) (17% when using an unadjusted s-TSH level).
In the comparison group, thyroid hypofunction was found in
5.5% (N¼ 976) with 2.2% (N¼ 379) of participants having
regular levothyroxine prescription recorded in NorPD and
3.3% (N¼ 597) having elevated s-TSH without
recorded treatment.

Compared to the comparison group adjusted for age, the
TCSs included in S3 had an almost doubled prevalence of
thyroid hypofunction (using the adjusted s-TSH levels for
analyses) (PR 1.91, 95%CI [1.54; 2.38]) (Table 3). The

Figure 1. Study populations.

Table 1. Pretreatment, treatment and follow-up characteristics.

Survey 1 (�2000) Survey 3 (�2016)

# Respondents 1436 783
# s-TSH available 1258 727
Age at diagnosis, years; median (range) 31 (14–64) 31 (14–63)
Years since diagnosis 11 (5–21) 27 (21–36)
Age at survey 43 (22–75) 60 (39–90)
Histology

Seminoma 626 (50%) 341 (47%)
Non-seminoma 632 (50%) 386 (53%)

Treatment
Surgery only 237 (19%) 148 (20%)
RT only 524 (42%) 289 (40%)
CBCT ± RT 497 (40%) 290 (40%)
Total cisplatin dose (mg) 780 (178–2455) 765 (178–2233)

RT: radiotherapy; CBCT: cisplatin-based chemotherapy.
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prevalence of untreated hypothyroidism was 1.7 times higher
in TCSs compared to the comparison group (PR 1.72, 95%CI
[1.28; 2.33]) (Table 3). There was also a higher prevalence of
treated hypothyroidism in the TCSs compared to the com-
parison group (PR 2.22, 95%CI [1.58;3.11]). The crude preva-
lences of thyroid hypofunction (both treated and untreated)
were almost doubled both in the TCSs (14%) and the com-
parison group (7.5%) aged �60 years compared to those
aged <60 years (TCSs; 7.7% and comparison group; 3.7%).
This resulted in a similar PR comparing TCS and the compari-
son group for those< and those �60 years. (PR 1.8 in the
age group �60 years, vs. PR 2.1 in the age group <60 years)
(Table 3).

The prescription practice analysis which included all avail-
able TCSs from S1 still alive at S3 (N¼ 1,224) compared to
the comparison group (age-adjusted), confirmed the findings
of a higher prevalence of treated hypothyroidism in the TCSs
(data not shown).

The effect of treatment modality on thyroid
hypofunction

When analyzing the age-adjusted risk for thyroid hypofunc-
tion in the different treatment groups, the results did not
show any clinically relevant differences (Table 4). There was
no association between total CBCT exposure and s-TSH at
S3 (p¼ 0.525).

Discussion

In the present study, we found thyroid hypofunction in 11%
(17% based on unadjusted TSH level) of TCSs �30 years after
diagnosis. Furthermore, we show for the first time that TCSs
had an almost doubled prevalence of thyroid hypofunction
(both treated and untreated) when compared with a com-
parison group from the general population. Our analyses
showed a twice as high prevalence of thyroid hypofunction

Table 2. Prevalence of Thyroid hypofunction; untreated (grouped by s-TSH-level) and treated in Testicular Cancer
Survivors (TCSs).

Prevalence TCSsa;% (N¼ 727)

Condition S-TSH range (mIU/L) Adjusted s-TSH-15%b Unadjusted s-TSH

Untreated hypothyroidismc 3.5–10.0 5.91 (N¼ 43) 12.0 (N¼ 87)
>10.0 0 0.14 (N¼ 1)

Treated hypothyroidismd Any 4.81 (N¼ 35) 4.81 (N¼ 35)
Thyroid hypofunctione Untreatedþ treated 10.7 (N¼ 78) 16.9 (N¼ 123)

S-TSH: serum thyrotropin.
aSerum free thyroxine <12 pmol/L in N¼ 14.
bThe adjusted s-TSH level used in the analyses.
cElevated serum thyrotropin (s-TSH �3.5 mIU/L) without prescription of levothyroxine.
dRegular prescription of levothyroxine.
eElevated s-TSH or regular prescription of levothyroxine.

Table 3. Prevalence and age-adjusted prevalence ratios (PR) of thyroid hypofunction (untreated and treated) in testicular cancer survivors (TCSs)�30 years after
diagnosis (survey 3) compared to an age-adjusted comparison group (CG)a.

Prevalence and age-adjusted prevalence ratiosb (PR)

<60 years of age �60 years of age Total

Prevalence Prevalence

TCSs % (N) CGa % (N) PR TCSs % (N) CG % (N) PR PR

N (362) (9,437) (365) (8,387)
Untreated hypo-thyroidismc 4.42 (16) 2.22 (210) 1.98 [1.21; 3.27] 7.40 (27) 4.61 (387) 1.60 [1.10; 2.33] 1.72 [1.28; 2.33]
Treated hypo-thyroidismd 3.31 (12) 1.46 (138) 2.27 [1.27; 4.05] 6.30 (23) 2.87 (241) 2.19 [1.45; 3.32] 2.22 [1.58; 3.11]
Thyroid hypofunctione 7.73 (28) 3.69 (348) 2.10 [1.45; 3.04] 13.7 (50) 7.49 (628) 1.83 [1.40; 2.39] 1.91 [1.54; 2.38]
aComparison Group: The HUNT3 Survey [aged 39–90 years].
b[95%CI]: 95% confidence interval.
cElevated serum thyrotropin (s-TSH �3.5 mIU/L) without prescription of levothyroxine.
dRegular prescription of levothyroxine.
eElevated s-TSH or regular prescription of levothyroxine.

Table 4. Treatment-related prevalence ratios for thyroid hypofunction in testicular cancer survivors �30 years after diagnosis (survey 3).

Condition

Treatment-related prevalence ratios: surgery only group as referencea [95% CI]

Surgery only group (N¼ 148) Prevalence ratio RT group (N¼ 289) Prevalence ratio CBCT ± RT group (N¼ 290)

Untreated hypothyroidismb 1 (reference) 1.40 [0.56; 3.46], p¼ 0.470 1.54 [0.62; 3.78], p¼ 0.942
Treated hypothyroidismc 1 (reference) 0.85 [0.37;1.94], p¼ 0.702 1.02 [0.45;2.33], p¼ 0.947
Thyroid hypofunctiond 1 (reference) 1.05 [0.58; 1.89], p¼ 0.152 1.24 [0.69; 2.22], p¼ 0.720

[95%CI]: 95% confidence interval; RT: radiotherapy; CBCT: cisplatin-based therapy.
aAge-adjusted.
bElevated serum thyrotropin (s-TSH �3.5 mIU/L) without prescription of levothyroxine.
cRegular prescription of levothyroxine.
dElevated s-TSH or regular prescription of levothyroxine.
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in TCSs � 60 years when compared to those who were
younger. However, when collated to the comparison group,
the prevalence ratios of thyroid hypofunction were almost
identical across the two age categories. This comparison is
interesting, especially as s-TSH values increase with age [24],
whereas reference ranges are not age-adjusted [25,26].
Nevertheless, several limitations should be considered as dis-
cussed below.

Adverse health outcomes in TCSs

Thyroid hypofunction is not an established AHO in TCSs and
was not found in a large study of endocrine late effects man-
aged in a hospital setting by Jensen et al. [5]. However, they
did not evaluate prescription practice or s-TSH values in their
analyses. Moreover, as primary hypothyroidism is generally
managed in primary care, their study was not designed to
assess thyroid hypofunction per se. The probable patho-
physiological mechanisms underlying the thyroid hypofunc-
tion observed in the present study are not fully understood.
Disturbance of the thyroid hormonal axis is a common AHO
after RT to the head and neck region affecting both the cen-
tral pituitary axis (secondary dysfunction) and the thyroid
gland (primary dysfunction) [6,9]. However, in TCSs radiotoxic
effect causing secondary or primary thyroid dysfunction, is
less likely as both the pituitary and thyroid glands are distant
to the RT target region. A cytotoxic effect from chemother-
apy in the hormone-producing cells of the thyroid gland
could be a cause of thyroid hypofunction [27] or even thy-
roid cancer [28], albeit not well-documented after CBCT in
the literature. In our TCSs, the different treatment groups
had non-significant differences in risk of thyroid hypofunc-
tion, and there were no associations between cumulative cis-
platin exposure and subsequent hypothyroidism (data not
shown). We thus cannot directly associate the treatment
modality to the risk of subsequent hypothyroidism.

Thyroid hypofunction and testicular
dysgenesis syndrome

As neither RT nor CBCT is an established cause of thyroid
hypofunction in TCSs, we speculate whether the TCSs as a
group could be vulnerable to thyroid hypofunction irrespect-
ive of the testis cancer treatment. Hormonal disturbances
related to the underlying pathology of testicular dysgenesis
syndrome could theoretically also affect the risk of thyroid
hypofunction. Environmental endocrine-disrupting chemical
exposure in utero is suspected of affecting thyroid hormones
[29–32] in addition to being an etiological factor of the tes-
ticular dysgenesis syndrome. This inherent risk is possibly
enhanced by orchiectomy in TCSs. As such, these conditions
could be a common cause for the thyroid hypofunction
observed in the TCSs in addition to the effects from cancer
treatment. Environmental disrupting chemicals are also
debated as possible causes of both thyroid and testicular
cancer [33]. The increased risk of thyroid cancer reported in
TCSs [34,35] could support this possibility.

Primary hypothyroidism and primary hypogonadism

Thyroid hormones are essential for normal organ function
and it is well-known that primary hypothyroidism lowers the
free testosterone and sex hormone-binding hormonal globu-
lin in men from the general population [36]. Furthermore,
the gonadal hormones normalize during treatment with levo-
thyroxine [36]. After orchiectomy, TCSs are prone to primary
hypogonadism, and hypothyroidism could augment existing
gonadal dysfunction. Clinicians should therefore be especially
aware of the risk of hypothyroidism in TCSs with primary
hypogonadism.

Thyroid hypofunction and cardiovascular disease

The association of hypothyroidism with cardiovascular dis-
ease has been recognized for centuries [37,38], and subclin-
ical hypothyroidism has been linked to cardiovascular
morbidity and mortality [39,40]. Even high normal s-TSH lev-
els (i.e., within the reference range) were associated with
increased cardiac mortality in women, but were not associ-
ated with increased risk of hospitalization due to cardiovas-
cular disease in the HUNT population [41]. Furthermore, the
association of high normal s-TSH levels and cardiac mortality
was not found in a later meta-analysis [42]. As TCSs have an
increased risk of cardiovascular disease [10,43,44], untreated
hypothyroidism could be an additional load to their risk pro-
file. In the general population, treatment of hypothyroidism
should be considered in symptomatic individuals when s-TSH
is elevated, though still <10 mIU/L [14]. This strategy should
be implemented in the follow-up of long-term TCSs. With s-
TSH >10 mIU/L, levothyroxine is generally recom-
mended [14,45].

Strength and limitations

A strength of our study is the long follow-up time, stretching
over almost three decades after diagnosis with an acceptable
compliance rate. Each individual who lives in Norway is given
a unique identification number. Using this ID number we
were able to link data on TCSs and the comparison group
with data from NorPD, thus our cohorts’ data on the collec-
tion of prescriptions are complete.

There are several limitations, one of the most important
being a gradual selection bias toward more healthy partici-
pants during follow-up [46].

The method-associated difference between the two s-TSH
assays used in this study is considered a limitation. We
addressed this limitation by adjusting s-TSH levels for S3 as
described in the Methods section. The down-scaling of TSH
level limits the risk of overestimation of untreated hypothy-
roidism in the TCSs when compared to the comparison
group. However, we have probably to some degree over-
adjusted the s-TSH results in the TCSs, especially as the refer-
ence ranges in the two assays were equal before adjustment.

The comparison of S3 to the HUNT3 Survey has limita-
tions regarding the timing of the survey and blood sampling.
The decreasing prevalence of elevated s-TSH reported from
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the HUNT2 (1995–1997) to the HUNT3 Surveys [16], was
probably caused by increased awareness of elevated s-TSH in
the primary health care as the total prevalence of thyroid
hypofunction was unaltered. The increase in the prescription
of levothyroxine has continued after the HUNT3 Survey in
2008 and to the time of S3 in 2016 (http://www.reseptregis-
teret.no/Prevalens.aspx). However, the influence of this bias
may be partly balanced by a higher prescription rate in the
county of the HUNT3 Survey compared to the mean level in
the rest of the country where the TCSs were recruited from.
Moreover, the increase in the prescription of levothyroxine
has been moderate and is not expected to affect the out-
come of the present study which is total thyroid hypofunc-
tion (i.e., both treated and untreated hypothyroidism).

Clinical implications

TCSs have an increased risk of several AHOs, cardiovascular
morbidity being one of the most serious. As even slight or
moderate thyroid hypofunction may affect the risk of cardio-
vascular disease, increased prevalence of thyroid hypofunc-
tion in TCSs found in our study, represents a concern and
should be addressed. The Norwegian National guidelines on
follow-up in TCSs recommend regular assessment of the car-
diovascular risk profile including relevant biochemistry, but
not thyroid hormones. Based on our results and the general
risk profile in TCSs, increased awareness of thyroid hypofunc-
tion among clinicians is important, particularly in patients
with cardiovascular disease and those with hypogonadal
and/or hypothyroid symptoms. Since the majority of TCSs
with untreated hypothyroid function had biochemical (sub-
clinical) hypothyroidism, future studies should include symp-
tomatical evaluation of thyroid function.

Conclusions

Thyroid hypofunction could be suspected in at least one of
ten TCSs �30 years after diagnosis in our study. Furthermore,
these TCSs had a higher prevalence of thyroid hypofunction
compared to the comparison group from the general popu-
lation. However, as this is an observational study only, our
findings need confirmation. TCSs are prone to primary hypo-
gonadism which may make them extra vulnerable to clinical
consequences of primary hypothyroidism. As untreated
hypothyroidism may interact with the risk of cardiovascular
disease and gonadal dysfunction, regular monitoring of s-
TSH in aging TCSs could be advisable.

The comparison group: The Trøndelag Health Study
(HUNT) is a collaboration between HUNT Research Center
(Faculty of Medicine and Health Sciences, Norwegian
University of Science and Technology NTNU), Trøndelag
County Council, Central Norway Regional Health Authority,
and the Norwegian Institute of Public Health.
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