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Hyperthyroidism is not a significant risk of benign
prostatic hyperplasia

A nationwide population-based study
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Abstract N\
Benign prostatic hyperplasia (BPH) is a common disorder in the aging male population. Despite evidence that thyroid status impacts |
the prostate, the objective of this study was to examine whether patients with hyperthyroidism were at a greater risk for BPH.

This study is a retrospective nationwide population-based cohort study of the Chinese population. Data for this study were
retrieved from the Taiwan National Health Insurance Research Database (NHIRD). Overall, 1032 male patients aged 40 years or older
with hyperthyroidism diagnosed between 2000 and 2006 were included in the hyperthyroidism group, and 4128 matched controls
without hyperthyroidism were included in the non-hyperthyroidism group. Both groups were monitored until the end of 2011. A Cox
proportional hazards regression model was used to compute and compare the risk of BPH between study participants with and
those without hyperthyroidism.

Patients with hyperthyroidism exhibited a greater incidence of BPH (18.51% vs 15.53%) than did the controls. Furthermore, the
hazard ratio (HR) of the hyperthyroidism group was 1.24 times that of the control group [95% confidence interval (95% Cl 1.05-1.46)]
signifying that there is a significant 24% increase in the risk of BPH with the presence of hyperthyroidism. This increased risk of BPH
with hyperthyroidism, however, failed to remain significant (adjusted HR=1.11, 95% Cl=0.94-1.3) after adjusting for covariates of
age (adjusted HR=2.72, 95% Cl=2.32-3.2), diabetes (adjusted HR=1.4, 95% Cl=1.17-1.68), hypertension (adjusted HR=1.74,
95% Cl=1.49-2.03), hyperlipidemia (adjusted HR=1.25, 95% Cl=1.03-1.53), neurogenic bladder, cystitis (adjusted HR=1.23,
95% Cl=0.58-2.59), urethral stricture (adjusted HR=2.01, 95% Cl=0.28-14.47), urethritis (adjusted HR=1.52, 95% Cl=0.72-
3.21), and urinary tract infection (adjusted HR=1.77, 95% Cl=1.31-2.39).

After adjustment for comorbidities and covariates, hyperthyroidism was not found to be a significant risk factor of BPH in our male
study subjects. Further research is warranted to validate our results and elucidate the association of the pathophysiology of these
2 diseases.

Abbreviations: BPH = benign prostatic hyperplasia, Cl = confidence interval, HR = hazard ratio, ICD-9-CM = International
Classification of Diseases, Ninth Revision, Clinical Modification, LHID = Longitudinal Health Insurance Database, NHI = National
Health Insurance, NHIRD = National Health Insurance Research Database.
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1. Introduction

The thyroid hormones (THs) triiodothyronine (T3) and
prohormone thyroxine (T4) are critical hormones for cell
differentiation, growth, and metabolism, and influence the
physiological function of nearly all mammalian tissues.”"~*! TH
also coordinates short-term and long-term energy needs during
metabolic change.” Furthermore, THs also influence the
development of tumors and proliferation of various types of
cancers and metastasis and promote tumor angiogenesis."!
Hyperthyroidism is defined as having low TSH levels and high T4
levels, and it can also be due to high T3 levels in the presence of
normal T4 levels.

Benign prostatic hyperplasia (BPH) is a hormone-dependent
disease in aging men. It is a nonmalignant enlargement of the
prostate gland and refers to the stromal and glandular epithelial
proliferation and hyperplasia that occurs in the transition and
periurethral zones of the prostate.'® The etiology of BPH remains
obscure, as it is a multifactorial disease. An early study suggested
that abnormal changes of thyroid function and serum levels of
TSH are thought to be evidence of the pathogenesis of BPH.!! In
another study, Eldhose et al demonstrated the association
between prostate size and TH content and found T3 content
to be positively correlated with prostate size, whereas TSH
content was negatively correlated with prostate size. No
significant association was found between T4 content and
prostate size.””! Another clinical study showed that men with a
hypothyroid status might be at a decreased risk of prostate
cancer.!®! Evidently, there is a lack of consensus on the effects of
hyperthyroidism on BPH risk. Therefore, in the present study, we
investigated whether the risk of BPH was increased among a
cohort of patients with hyperthyroidism. To do so, a nationwide
population-based study design was used, and data were retrieved
from the Taiwan National Health Insurance Research Database

(NHIRD).

2. Methods

2.1. Data sources

We designed a cohort study using insurance claim data from the
Taiwan National Health Insurance Program. This program has
covered 99% of the Taiwanese population since 1995, and is a
complete representative sample of the Taiwanese population. For
the current study, we obtained longitudinal health insurance
databases from NHRI. LHID 2000 contains all the original claim
data of 1,000,000 individuals randomly sampled from the 2000
Registry for Beneficiaries (ID) of the NHIRD. These databases
contained all medical records including inpatient and outpatient
claims from 1997 to 2011. We identified hyperthyroidism
patients as hyperthyroidism cohort and patients without
diagnosis of hyperthyroidism disease as compared cohort.
Diseases were identified using the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
Our study was approved by the Institutional Review Boards and
the Research Ethics Committee at the China Medical University
Hospital in Taiwan (CMUH104-REC2-1135).

2.2. Study subjects

From the medical claims of hyperthyroidism patients, we
included 1032 patients diagnosed with hyperthyroidism from
2000 to 2006. Patients with hypothyroidism or other thyroid
disorders (including chronic thyroid autoimmune disorder) were
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excluded from this study (ICD-9-CM: 240, 241, 243, 244, 245,
246) (Fig. 1). The risk of BPH (ICD-9-CM: 600) was computed
and compared between study participants with and those without
hyperthyroidism. We also compared the lower urological
comorbidities between these 2 cohorts. We also excluded the
patients whose date of diagnosis of cancer (ICD-9-CM: 140-208)
was before the index date. The comparison cohort randomly
selected from the population without thyroid gland disorders
consisted of 4128 adult males (age >40 years) without a history
of hyperthyroidism (ICD-9-CM: 242). The sample size of the
control group was 4-fold that of the hyperthyroidism cohort.

2.3. Outcome measures and comorbidities

The primary outcome was new date of BPH diagnosis (ICD-9-
CM: 600). Participates were follow-up until who incidence event,
withdraw the NHI, or death, which one occur first. We calculated
the sums of follow-up person-years for both cohorts. In addition
to age, we also incorporated the baseline comorbidities for
hypertension (ICD-9-CM codes 401-405), diabetes (ICD-9-CM
code 250), hyperlipidemia (ICD-9-CM code 272) neurogenic
bladder (ICD-9-CM code 596.54), cystitis (ICD-9-CM code
595.0), urethral stricture (ICD-9-CM code 598.9), urethritis
(ICD-9-CM code 597.80), and urinary tract infection (ICD-9-
CM code 599.0) as potential confounding factors.

2.4. Statistical analyses

A Chi-square test and 2-sample # tests were used to compare
differences in demographic characteristics and comorbidities
between the hyperthyroidism and non-hyperthyroidism cohorts.
We used the 1:4 frequency matching for hyperthyroidism cohort
and without hyperthyroidism cohort.

We used a P value to present the difference of distributions of
age and comorbidities between the 2 cohorts. When the P value
was less than .05, the distribution was defined as statistically
significant between the 2 cohorts. We used a Kaplan—-Meier
analysis to calculate and plot the cumulative incidence of BPH for
the 2 cohorts, and the difference was tested using a log-rank test.
Incidence density rates (per 1000 person-years) of BPH were also
calculated. Incidence rate was the new BPH cases divided by the
sum of the follow-up person-years during the study period. Cox
proportional hazards regression analysis was used to assess the
hyperthyroidism cohort to the comparison cohort hazard ratio
(HR) of BPH with a 95% confidence interval (95% CI). A
multivariable model was used to calculate the adjusted HR after
controlling for age and all comorbidities. We managed and
analyzed the data using SAS 9.4 software (SAS Institute, Cary,
NC), and drew the cumulative incidence curve using R statistical
software. Statistical significance was defined at a 2-tailed P value
less than .05.

3. Results

In the current study, 1032 male patients who were diagnosed
with hyperthyroidism between 2000 and 2006 were included in
the hyperthyroidism group, and 4128 male patients, frequency
matched by age and index year of diagnosing hyperthyroidism,
were recruited as the non-hyperthyroidism control group.
Demographic characteristic data are summarized in Table 1.
The population of both groups consisted of 85.85% 40 to 64-
year-old men and 14.15% of men aged 65 years or older.
There were no significant differences in age between the
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Figure 1. Flowchart shows the enrolment of the participants in the study cohort.

Demographic characteristics and comorbidity in patients with and without hyperthyroidism diseases.

Non-hyperthyroidism (N=4128)

Hyperthyroidism (N=1032)

Variable n % n % P

Age, y .99
40-64 3544 85.85 886 85.85
>65 584 14.15 146 1415

Mean (SD) ¥ 52.70 (10.55) 53.06 (10.26) 0.3135

Comorbidity
DM 502 12.16 203 19.67 <.0001
Hypertension 1056 25.58 395.00 38.28 <.0001
Hyperlipidemia 412 9.98 181.00 17.54 <.0001
Neurogenic bladder 1 0.02 0.00 0 —
Cystitis 31 0.75 8.00 0.78 9359
Urethral stricture 1 0.02 1.00 0.1 36
Urethritis 25 0.61 5.00 0.48 6471
Urinary tract infection 132 3.2 36.00 3.49 6379

Outcome
BPH 641 15.53 191.00 18.51 0199

BPH = benign prostatic hyperplasia, DM = diabetes mellitus.
. Chi-square test.

"Two-sample  test.

* Fisher exact test.
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Cox model measured hazard ratio and 95% confidence intervals of BPH associated with and without hyperthyroidism, age, and

comorbidity.
Crude model Adjusted model
Characteristics BPH (n=832) HR (95%Cl) HR (95% CI)
Hyperthyroidism
No 641 1 (reference) 1 (reference)
Yes 191 1.24 (1.05-1.46) 1.11 (0.94-1.3)
Age, y
40-64 588 1 (reference) 1 (reference)
>65 244 3.46 (2.98-4.01) * 2.72 (2.32-3.2) *
Comorbidity
DM
No 644 1 (reference) 1 (reference)
Yes 188 2.18 (1.86-2.57) * 1.4 (1.17-1.68) *
Hypertension
No 456 1 (reference) 1 (reference)
Yes 376 2.49 2.17-2.86) * 1.74 (1.49-2.03)
Hyperlipidemia
No 693 1 (reference) 1 (reference)
Yes 139 1.77 (1.48-2.13) * 1.25 (1.03—1.53)*
Neurogenic bladder
No 832 1 (reference) 1 (reference)
Yes 0 — —
Cystitis
No 825 1 (reference) 1 (reference)
Yes 7 1.26 (0.60-2.65) 1.23 (0.58-2.59)
Urethral stricture
No 831 1 (reference) 1 (reference)
Yes 1 4.20 (0.59-29.81) 2.01 (0.28-14.47)
Urethritis
No 825 1 (reference) 1 (reference)
Yes 7 1.71 (0.81-3.59) 1.52 (0.72-3.21)
Urinary tract infection
No 785 1 (reference) 1 (reference)
Yes 47 2.31 (1.72-3.10) * 1.77 (1.31-2.39) *

Adjusted HR: adjusted for hyperthyroidism, age, and comorbidity in Cox proportional hazards regression.

Cl=confidence interval, HR=hazard ratio.
“p<.05.
TpP<.01.
#P<.001.

hyperthyroidism (mean=53.06, SD=10.26) and control groups
(mean=152.70, SD=10.55). The hyperthyroidism patients were
more likely to have comorbid conditions than the non-
hyperthyroidism group. These comorbid conditions included
diabetes (19.67% vs 12.16%, P <.0001), hypertension (38.28%
vs 25.58%, P <.0001), and hyperlipidemia (17.54% vs 9.98%,
P <.0001). Further, the incidence of BPH between these 2 cohort
groups was statistically different (18.51% vs 15.53%, P=.019,
see Table 1).

The HR of the hyperthyroidism group is 1.24, 95% CI (1.05-
1.46) that of the control group, signifying that there is a
significant 24% increase in the risk of BPH with the presence of
hyperthyroidism. However, this increased risk of BPH with the
presence of hyperthyroidism failed to remain significant after
adjusting for covariates including age and comorbid conditions
[adjusted HR=1.11, 95% CI (0.94-1.3)]. This is unsurprising
given that separately, age over 65 years (HR=3.46, 95% CI=
2.98-4.01), and comorbid conditions, including diabetes (HR =
2.18,95% CI=1.86-2.57), hypertension (HR=2.49, 95% CI=
2.17-2.86), hyperlipidemia (HR=1.77, 95% CI=1.48-2.13),
and urinary tract infection (HR=2.31, 95% CI=1.72-3.10) are
significant risk factors of BPH (Table 2). The stratified analysis is
summarized in Table 3. The incidence rates of BPH were 28.13

per 1000 person-years and 22.71 per 1000 person-years for
hyperthyroidism cohort and non-hyperthyroidism cohort group,
separately. Stratified by age group, incidence rates were 23.20
and 70.24 per 1000 person-years for 46 to 64 aged group and
older than 65 aged group in hyperthyroidism patients. There
were higher incidence rates in non-hyperthyroidism patients
(17.78 and 62.96 per 1000 person-years for 40-64 aged group
and older than 65 aged group, separately). In 40 to 64 aged
group, crude HR was 1.31 (95% CI: 1.08-1.58), but there was
no significance in multivariate Cox proportional hazard model
(HR: 1.09, 95% CI: 0.9-1.33).

Kaplan—Meier analysis showed that male patients with
hyperthyroidism had significantly high rates of developing
BPH relative to their comparative cohorts (Log-rank test,
P=.0109, Fig. 2).

4. Discussion

In our population-based nationwide cohort study, we analyzed
data from 1032 hyperthyroidism patients and 4128 patients
selected as a 1-to-4 comparison control cohort. We demonstrated
that men with hyperthyroidism and diabetes, hypertension,
and hyperlipidemia were at a 124% increase in the risk of BPH in
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Incidence rates, hazard ratio, and confidence intervals of BPH with and without hyperthyroidism anomaly patients in the stratification by

age, DM, hypertension, and hyperlipidemia.

Hyperthyroidism
No (N=4128) Yes (N=1032) Crude HR Adjusted HR
Variables Event Person-years IR Event Person-years IR (95% Cl) (95% Cl)
Total® 641 28,222 22.71 191 6789.018 28.13 1.24 (1.05-1.46) 1.11 (0.94-1.30)
Age, y
40-64 447 25,141 17.78 141 6077 23.20 1.31 (1.08-1.58) 1.09 (0.9-1.33)
>65 194 3081 62.96 50 712 70.24 1.11 (0.82-1.52) 1.06 (0.77-1.46)
Comorbidity
DM
No 497 25,332 19.62 147 5525 26.60 1.36 (1.13-1.63) * 1.28 (1.06-1.54) ¥
Yes 144 2890 49.83 44 1264 34.82 0.69 (0.50—0.97)* 0.74 (0.52-1.04)
Hypertension
No 361 21,919 16.47 95 4343 21.87 1.33 (1.06—1.67)* 1.25 (0.99-1.57)
Yes 280 6303 44.42 96 2446 39.25 0.88 (0.70-1.11) 0.96 (0.76-1.22)
Hyperlipidemia
No 546 25,767 21.19 147 5648 26.03 1.23 (1.02-1 .48)* 1.13 (0.94-1.35)
Yes 95 2455 38.69 44 1141 38.55 0.99 (0.69-1.42) 1.01 (0.7-1.45)
Neurogenic bladder
No 641 28,216 22.72 191 6789 28.13 1.24 (1.05-1.46) 1.1 (0.94-1.3)
Yes 0 6 0.00 0 0 0.00
Cystitis
No 635 28,022 22.66 190 6749 28.15 1.24 (1.06-1.46) 1.1 (0.94-1.3)
Yes 6 200 30.03 1 40 25.10 0.9 (0.11-7.73) 1.57 (0.15-16.48)
Urethral stricture
No 641 28,214 22.72 190 6787 28.00 1.23 (1.05—1.45)* 1.1 (0.93-1.3)
Yes 0 8 0.00 1 2 432.06 — —
Urethritis
No 635 28,078 22.62 190 6757 28.12 1.24 (1.06-1.46) 1.11 (0.94-1.3)
Yes 6 144 41.73 1 32 31.30 0.77 (0.09-6.38) 1.30 (0.1-16.34)
Urinary tract infection
No 606 27,521 22.02 179 6588 2717 1.23 (1.05-1 .46)* 1.07 (0.9-1.27)
Yes 35 701 49.94 12 201 59.62 1.22 (0.63-2.35) 1.78 (0.87-3.67)

Cl=confidence interval, HR=hazard ratio, IR=incidence rates, per 1000 person-years.
“p<.05.

TP<.01.

¥p<.001.

% Adjusted for hyperthyroidism age and comorbidity in Cox proportional hazards regression.

a S-year follow-up, although there was no significant risk of
developing BPH after adjusting for age and the above
comorbidity factors.

Several investigators have documented the role of THs in the
development of prostate cancer and have demonstrated associa-
tion of prostate cancer recurrence in patients with high free-T3
levels.”) In addition, it has been shown that men with
hypothyroidism are at a reduced risk for developing prostate
cancer compared with euthyroid men.”! Although several
malignancies, such as gastric cancer, thyroid cancer, breast
cancer, and ovarian cancer, were established to be associated or
not associated with hyperthyroidism and Graves disease, to date,
only limited data regarding the association between hyperthy-
roidism and BPH are available.!'%7!3!

Previous studies have shown that TH contributes to the
regulation of BPH and prostate cancer,'® and that circulating
levels of TH determine the size of the prostate.l'* Another study
of T3 as a biomarker of prostate disorders indicated that men
with BPH or prostate cancer have significantly elevated serum T3
levels.!"S! However, T3 showed no effects on normal human
prostate cells, or in vitro on TH receptors expressed in a human
prostatic epithelium cell line.!"®! In another study, the association

between prostate size and TH content was assessed. Free T3 was
positively correlated with prostate size, while TSH was negatively
correlated with prostate size. No significant association was
found between free T4 and prostate size.!”!

In the real world, there is no evidence that our current cohort
study patients with hyperthyroidism are at a higher risk of BPH,
although there are several clinical or epidemiologic studies on the
relationship between thyroid status and the risk of BPH and/or
prostate cancer. Our study is a pilot research project that aims to
elucidate a link between BPH and hyperthyroidism in the Chinese
population. The specific effect of THs on prostate cells should be
clarified further.

In a prospective analysis of a-tocopherol and B-carotene
cancer prevention, Caucasian male smokers demonstrated a
decreased risk of prostate cancer when in a hypothyroid state,
and showed no association between hyperthyroid status and risk
of prostate cancer.!®) The Ministry of Health and Welfare of
Taiwan released a public health report indicating that the ratio of
smokers in the male population of Taiwan was 44.3% in
individuals aged 41 to 45 years, and 14.9% in individuals over 66
years of age.''”! In our cohort study, we observed that men with
clinical hyperthyroidism were at no significant risk of developing
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Figure 2. Kaplan-Meier analysis showed that male patients with hyperthyroidism had significantly high rates of developing benign prostatic hyperplasia relative to

their comparative cohorts (Log-rank test, P=.0109).

BPH. However, our investigation was limited to only 191 men
with BPH, and, as neither smoking habits nor alcohol
consumption information was provided by the NHIRD, we
were unable to verify if these lifestyle factors contributed to an
association between hyperthyroidism and BPH. In addition,
epidemiological research has demonstrated that age plays an
important role in the risk of BPH, with significant increases in
incidence rate over 50% in men above the age of 50, and over
80% in men above the age of 80.1%!

Although we retrieved data from the NHIRD, which is highly
representative of the general population, several limitations of
our study should be addressed. First, a lack of detailed patient
information with regard to cigarette smoking habits, body mass
index, dietary preference, and family history of systemic disease
in the NHIRD may have yielded biased study results because
these may be risk factors or comorbidities of BPH. Second, each
diagnosis was based on ICD-9-CM codes obtained from
administrative data. Detailed information regarding duration
and etiology of hyperthyroidism, as well as clinical variables such
as TH level during the follow-up period, imaging results, serum
prostate-specific antigen levels, and prostate volume were not
available. Third, there were no data on measurements and
interpretation of THs provided by NHIRD. Thus, hyperthyroid-
ism might be underestimated. Fourth, the follow-up duration is

not long for BPH, especially for most of the study population was
recruited in their middle ages. Finally, we did not exclude patients
with complications of hypothyroidism, long-term L-T4 replace-
ment after anti-hyperthyroid treatment or radioiodine ablation
treatment of hyperthyroidism, and the testerone replacement
therapy after testical surgery. Factors might remain, leading to
bias in our study results.

The evidence suggests that our current cohort study patients
with hyperthyroidism are not at a higher risk of BPH, although
there are several clinical or epidemiologic studies on the
relationship between thyroid status and the risk of BPH. Our
study is a pilot research project designed to provide a glimpse into
the relationship between BPH and hyperthyroidism in the
Chinese population. The direct effect of THs on prostate cells
should be further clarified.

5. Conclusion

Our cohort study suggests that male patients older than 40 years
with hyperthyroidism were not at a greater risk of developing
BPH. Further research is warranted to validate our results and
elucidate the association of the pathophysiology of these 2
diseases.
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