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Simple Summary: The purpose of the current study is to survey whether the application of androgen
deprivation therapy (ADT) is associated with the development of open angle glaucoma (OAG) using
the National Health Insurance Research Database (NHIRD) of Taiwan. Our results showed that the
prostate cancer with ADT group showed a significantly lower risk of OAG development compared to
the control group, while the risk of OAG development in the prostate cancer without ADT group was
similar compared to that in the control group. The application of ADT did not lead to higher incidence
of subsequent OAG. Patients with known risk factor for OAG may receive the ADT management
without increased risk of OAG development.

Abstract: This study aimed to survey the effect of androgen deprivation therapy (ADT) on the
development of open angle glaucoma (OAG) in prostate cancer using the data from national health
insurance research database (NHIRD) of Taiwan. A retrospective cohort study was conducted and
patients were regarded as prostate cancer with ADT according to related diagnostic, procedure and
medication codes. Each prostate subject with ADT was matched to one patient with prostate cancer,
but without ADT, and two participants without both prostate cancer and ADT; 1791, 1791 and 3582
patients were recruited in each group. The primary outcome was set as the OAG development
according to related diagnostic codes. Cox proportional hazard regression was used to estimate
the adjusted hazard ratio (aHR) and 95% confidence interval (CI) of ADT for the incidence of OAG.
There were 145, 65 and 42 newly developed OAG cases in the control group, prostate cancer without
ADT group and prostate cancer with ADT group. The prostate cancer with ADT group showed
a significantly lower risk of OAG development compared to the control group (aHR: 0.689, 95%
CI: 0.489–0.972, p = 0.0341), and the risk of OAG development in the prostate cancer without ADT
group was similar compared to that in the control group (aHR: 0.825, 95% CI: 0.613–1.111, p = 0.2052).
In addition, ages older than 50 years old would lead to higher incidence of OAG development,
respectively. In conclusion, the use of ADT will lead to a similar or lower rate of OAG development.
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1. Introduction

Prostate cancer is a major malignancy in the male population [1], with more than
160,000 new patients diagnosed annually in the United State [2]. For treatment, androgen
deprivation therapy (ADT) has been applied for decades which can reduce the function of
prostate and suppress the progression of prostate cancer [1,3,4]. The treatment options of
prostate cancer include the LHRH agonists, antiandrogens, estrogens and orchiectomy [5].
With the use of ADT, the median survival duration for prostate cancer was approximately 14
years [6], and the early ADT showed benefit for prostate cancer with nodal metastases [7].

There are several complications after ADT arrangement [8]. Cardiovascular diseases
are the major concern in ADT management [8,9]. In previous studies [9], the patients
receiving ADT were associated with higher rate of ischemic stroke and coronary arterial
diseases [8]. Moreover, the incidence of sudden cardiac death was significantly higher in
those who received ADT [10]. In addition, ADT is correlated to the development of deep
vein thrombosis [11]. Other complications of ADT include the cognitive decline, depression,
anemia, osteoporosis and diabetes [12–14].

The association between ADT and ocular disorders has seldom been reported. Glau-
coma is an optic neuropathy which features high intraocular pressure (IOP) in most
cases [15]. In the subtypes of glaucoma, open angle glaucoma (OAG) accounts for more
than 80 percent of glaucoma cases and is correlated to certain systemic diseases includ-
ing hypertension and diabetes mellitus (DM) [15,16]. Moreover, the correlation between
OAG and ischemic stroke or coronary heart disease had been demonstrated in previous
researches [17,18]. ADT can lead to a higher rate of cardiovascular disorders and related
mortality [19], and a previous study showed that the incidence of OAG decreased in
prostate cancer patients who received ADT therapy [20]. Accordingly, ADT may have the
chance to alter the rate of OAG; however, further research is needed to confirm this.

The purpose of the current study is to survey whether the application of ADT would
alter the incidence of OAG using the National Health Insurance Research Database (NHIRD)
of Taiwan. The other potential predisposing factors for the OAG development were also
included in the analysis model.

2. Materials and Methods
2.1. Data Source

This retrospective cohort study adhered to the Declaration of Helsinki, in 1964 follow-
ing amendment, and was also approved by both the Institutional Review Board of Chung
Shan Medical University (Project identification code: CS1-20108) and the National Health
Insurance Administration. The need for informed consent from participants was waived by
the same two institutions. The NHIRD of Taiwan contains claimed data of health insurance
for nearly the whole Taiwanese population, which means about 23 million people. The
interval of NHIRD was from 1 January 2000 to 31 December 2018. The available data from
the NHIRD include the International Classification of Diseases, Ninth Revision (ICD-9)
diagnostic code, International Classification of Diseases, Tenth Revision (ICD-10) diagnos-
tic codes, demographic data, examination code, procedure code and the ATC codes for
medications. We used the longitudinal health insurance database (LHID), 2005 version, in
the current study, which is a sub-database from the NHIRD. In LHID 2005, about 2 million
subjects were randomly selected from the NHIRD in the year 2005, and the data of these
patients can traced from 1 January 2000 to 31 December 2018.

2.2. Patient Selection

Men were regarded as prostate cancer with ADT if: (1) ICD-9/ICD-10 diagnostic
codes indicated prostate cancer, (2) received LHRH agonists, antiandrogens, aromatase
inhibitors, estrogens or bilateral orchiectomy based on associated procedure or ATC codes
and (3) were in the age range from 40 to 100 years old. Additionally, the exclusion criteria of
this study included blindness, ocular tumor, eyeball removal surgery, severe ocular trauma,
outcome development or die before index date, ADT before prostate cancer diagnosis and
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prostate cancer diagnosis before 2001. Then, we used propensity-score matching (PSM)
to match each patient in the ADT group to one prostate cancer patient who without ADT
and two individuals without prostate cancer (the control group). The PSM was conducted
according to age, year of index date and economic status. One subject with prostate cancer
and ADT cannot be fully matched would be excluded from the current study. After all
the processes, 1791, 1791 and 3582 patients were selected as the prostate cancer with ADT
group, prostate cancer without ADT group and the control groups, respectively (Figure 1).
The index date was defined as six months after the starting of ADT in prostate cancer
participants.
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Figure 1. Flowchart of patient selection.

2.3. Main Outcome Measurement

The primary outcome in our study is the development of OAG, which was regarded
as: (1) the diagnosis of high-tension glaucoma and normal-tension glaucoma based on
the associated ICD-9 or ICD-10 diagnostic codes, (2) the performance of fundus exam,
optical coherence tomography or visual field exam before the diagnosis of OAG and (3) the
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OAG was diagnosed by an ophthalmologist. Because we want to evaluate the potential
relationship between ADT and following OAG, only OAG developed after the index date
was regarded as the achievement of the main outcome in the current study.

2.4. Demographic and Co-Morbidity Variables

To allow the overall status of the study population to be more homogenous, the effects
of the following covariates were included in the analysis model: years of index date, age,
urbanization, marital status, hypertension, DM, coronary arterial disease (CAD), acute
myocardial infarction (AMI), hyperlipidemia, cerebrovascular disease and dementia. The
existence of each co-morbidity was according to related ICD-9 or ICD-10 diagnostic codes.
To be more specific, CAD referred to individuals diagnosed with chronic ischemic heart
disease. All the participants were followed longitudinally from the index date till the date
of OAG diagnosis, the date that withdrawal from the National Health Insurance program,
or the end of NHIRD/LHID program, which means 31 December 2018.

2.5. Statistical Analysis

The SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was applied for the statistical
analyses in the current study. After the PSM procedure, we used descriptive analysis to
reveal the baseline characteristics of all the three groups. The Poisson regression was used to
produce the incidence rate and corresponding 95% confidence interval (CI) of OAG among
the three groups. Then, the Cox proportional hazard regression was utilized to demonstrate
the crude and adjusted hazard ratio (aHR) of OAG among the three different groups
which included the effects of demographic data and systemic diseases in the multivariable
analysis. Then, the Cox proportional hazard regression was applied again to estimate the
effect of each confounder on the development of OAG which presented with aHR and 95%
CI. In addition, we drew Kaplan–Meier curves to illustrate the cumulative probability of
OAG among the prostate cancer with ADT group, the prostate cancer without ADT group
and the control group, and performed the log-rank test to calculate whether significant
difference exist among the three groups. The statistical significance level was set at p < 0.05
in this study.

3. Results

The basic characteristics among the three groups are demonstrated in Table 1. The
distribution of the age at index date, the year of index date, the urbanization state and
the marital status were all similar among the three groups due to the PSM procedure (all
p > 0.05). In addition, the ratios of systemic diseases were also similar among the three
groups (all p > 0.05). About the usage of ADT, the antiandrogens therapy was applied in
67.67% of participants in the prostate cancer with ADT group, which is the most commonly
applied ADT (Table 1). On the other hand, there were 663 participants who withdraw from
ADT during the study period (Table 1).

During the whole follow-up period, there were 145, 65 and 42 newly developed OAG
cases in the control group, prostate cancer without ADT group and prostate cancer with
ADT group, respectively (Table 2). According to the multivariable analysis, the prostate
cancer with ADT group showed a significantly lower risk of OAG compared to the control
group (aHR: 0.689, 95% CI: 0.489–0.972, p = 0.0341), while the risk of OAG in the prostate
cancer without ADT group was similar compared to that in the control group (aHR: 0.825,
95% CI: 0.613–1.111, p = 0.2052). On the other hand, the Kaplan–Meier curves revealed
a numerically lower cumulative probability of OAG in prostate cancer with ADT group
(p = 0.1413) (Figure 2). Concerning the prominent predisposing factors other than ADT,
the index date located between 2007 and 2011 would contribute to lower risk of OAG
occurrence (p = 0.0287), while ages older than 50 years old would lead to higher incidence
of OAG development, respectively (all p < 0.05) (Table 3).
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Table 1. Baseline characteristics among the three groups.

Character Control
(n = 3582)

Prostate Cancer
without ADT

(n = 1791)

Prostate Cancer
with ADT
(n = 1791)

p Value

Year of index 0.5434
2001–2006 856 (23.90%) 461 (25.74%) 442 (24.68%)
2007–2011 1119 (31.24%) 570 (31.83%) 574 (32.05%)
2012–2017 1607 (44.86%) 760 (42.43%) 775 (43.27%)

Age 0.9607
<50 19 (0.53%) 9 (0.50%) 10 (0.56%)
50–59 220 (6.14%) 101 (5.64%) 107 (5.97%)
60–69 922 (25.74%) 453 (25.29%) 463 (25.85%)
70–79 1498 (41.82%) 778 (43.44%) 737 (41.15%)
=80 923 (25.77%) 450 (25.13%) 474 (26.47%)

Urbanization 0.8220
Urban 2017 (56.31%) 995 (55.56%) 982 (54.83%)
Sub-urban 1160 (32.38%) 580 (32.38%) 596 (33.28%)
Rural 405 (11.31%) 216 (12.06%) 213 (11.89%)

Marital status 0.9165
Unmarried 87 (2.43%) 49 (2.74%) 58 (3.24%)
Married 3151 (87.97%) 1560 (87.10%) 1547 (86.38%)
Divorced 112 (3.13%) 65 (3.63%) 70 (3.91%)
Widowed 232 (6.48%) 117 (6.53%) 116 (6.48%)

Co-morbidities
Hypertension 1907 (53.24%) 951 (53.10%) 961 (53.66%) 0.9389
DM 637 (17.78%) 336 (18.76%) 360 (20.10%) 0.1182
CAD 567 (15.83%) 287 (16.02%) 316 (17.64%) 0.2185
AMI 17 (0.47%) 10 (0.56%) 13 (0.73%) 0.5072
Hyperlipidemia 616 (17.20%) 291 (16.25%) 326 (18.20%) 0.3010
Cerebrovascular

disease 430 (12.00%) 227 (12.67%) 238 (13.29%) 0.3920

Dementia 91 (2.54%) 47 (2.62%) 56 (3.13%) 0.4446
ADT type

LHRH Agonists 1108 (61.86%) N/A
Antiandrogens 1212 (67.67%) N/A
Estrogens 140 (7.82%) N/A
Bilateral

orchiectomy 202 (11.28%) N/A

Withdraw from
ADT 663 (37.02%) N/A

ADT: androgen deprivation therapy, AMI: acute myocardial infarction, n: number, CAD: coronary arterial disease,
DM: diabetes mellitus, N/A: not applicable.

Table 2. Incidence risk of study event among the three groups.

Event Control Prostate Cancer
without ADT

Prostate Cancer
with ADT

Follow-up person months 230,050 119,285 93,479
New case 145 65 42
Incidence rate # (95% CI) 6.30 (5.36–7.42) 5.45 (4.27–6.95) 4.49 (3.32–6.08)
Crude Relative risk (95% CI) Reference 0.864 (0.645–1.158) 0.716 (0.507–1.009)
aHR (95% CI) Reference 0.825 (0.613–1.111) 0.689 (0.489–0.972) *

# Incidence rate, per 10,000 person months; ADT: androgen deprivation therapy, aHR: adjusted hazard ratio, CI:
confidence interval; * denotes significant correlation to open angle glaucoma development.
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Table 3. Adjusted hazard ratio of open angle glaucoma from each covariate.

Covariate aHR 95% CI p Value

Group
Control Reference
Prostate cancer without ADT 0.825 0.613–1.111 0.2052
Prostate cancer with ADT 0.689 0.489–0.972 0.0341 *

Year of index
2001–2006 Reference
2007–2011 0.718 0.534–0.966 0.0287 *
2012–2017 0.712 0.492–1.031 0.0723

Age at index
<50 -
50–59 Reference
60–69 3.077 1.329–7.124 0.0087 *
70–79 3.621 1.576–8.323 0.0024 *
=80 2.677 1.111–6.448 0.0281 *

Urbanization
Urban Reference
Sub-urban 0.938 0.688–1.281 0.6886
Rural 1.022 0.629–1.660 0.9312

Marital status
Unmarried 1.129 0.486–2.621 0.7783
Married Reference
Divorced 1.200 0.610–2.361 0.5974
Widowed 0.966 0.555–1.681 0.9028

Co-morbidities
Hypertension 1.072 0.817–1.406 0.6154
DM 1.341 0.975–1.846 0.0716
CAD 1.031 0.733–1.449 0.8623
AMI -
Hyperlipidemia 1.012 0.711–1.440 0.9487
Cerebrovascular disease 1.054 0.712–1.561 0.7913
Dementia 0.449 0.110–1.824 0.2625

ADT: androgen deprivation therapy, aHR: adjusted hazard ratio, AMI: acute myocardial infarction, CAD: coronary
arterial disease, CI: confidence interval, DM: diabetes mellitus; * denotes significant correlation to open angle
glaucoma development.
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4. Discussion

In the current study, the patient with prostate cancer and ADT revealed a lower inci-
dence of OAG development compared to those with prostate cancer but without ADT and
those without prostate cancer. Moreover, the incidence of OAG in the prostate cancer with
ADT group was significantly lower than that in the control group. In addition, the patients
older than 50 years old were associated with higher incidence of OAG development.

Several mechanisms are associated with the development of OAG [21]. The high IOP
is the most important predisposing factor for OAG development [22], and the treatment
program of OAG often consisted of IOP lower medications and surgeries [21]. However,
some OAG, like the normal tension glaucoma, does not show an elevated IOP but the glau-
comatous optic neuropathy including the retinal fiber thinning and visual field defect still
occur [23]. In addition, some patients with raised IOP do not demonstrate glaucomatous
optic neuropathy which is called ocular hypertension [24]. In these individuals who do not
show the classic correlation of IOP and glaucomatous optic neuropathy, other pathophysi-
ology including the vascular disorders have been purposed [25]. In the previous literature,
the blood flow of optic nerve head would decrease in patients with glaucoma [26], and
the superficial vessel density of both macular region and optic nerve head region were de-
creased in patients with OAG [27], which the loss of deep vessel density is more prominent
in those with normal tension glaucoma [28]. In addition to the ocular vascular structure,
systemic vascular disorders including hypertension, DM, CAD and cerebrovascular in-
farction had also been purposed as a risk factor for OAG development [15–18], and the
existence of normal tension glaucoma is also related to subsequent ischemic stroke in a
10-year follow-up study [29]. In regard to ADT, the major complications are the metabolic
syndromes, cardiovascular disease and deep vein thrombosis according to previous re-
searches [30–33], in which the AMI had been reported to develop with a two-fold risk in
patients who received ADT [34]. Since ADT is related to the development of vascular dis-
eases which are related to OAG development, the use of ADT may showed some protective
effect on the rate of following glaucoma which need to be evaluated.

In the current study, the use of ADT in prostate cancer was not correlated to a higher
incidence of OAG development compared to those without prostate cancer and those
prostate cancer individuals without the application of ADT. In fact, the aHR of OAG in
the prostate cancer with ADT group was significantly lower than the aHR in the control
group after adjusting multiple predisposing factors of OAG. To our knowledge, few papers
have demonstrated this finding before. Only a study conducted in the Korean population
demonstrated a significantly lower incidence of OAG in prostate cancer patients who
received ADT compared to the prostate cancer patients who did not deceive ADT [20]. The
results between that study and our study were similar while the study interval in our study
was about two-fold compared to the previous study and could declare the long-term effect
of ADT on OAG decrement [20]. In addition, the high level of urbanization is a predicting
factor for glaucoma development which we adjusted in our multivariable analysis [35].
Together with the previous study, our study implies the universal correlation between ADT
application and lower incidence of OAG in different ethnicities. Although the utilization of
ADT is correlated to the occurrence of CAD and venous thrombosis event [17,33], reports of
peripheral neuropathy or nephropathy after the arrangement of ADT are rare. We speculate
that ADT may impair the large vessel including the cerebral artery or vein, but the effect
of ADT on small vessels is limited. Additionally, ADT would cause the decrement of
testosterone and the expression of testosterone would decrease the ocular blood flow [36],
which is a significant risk factor for OAG development [26]. Other than ocular blood flow,
the high level of testosterone was correlated to higher IOP in previous researches [37,38],
and the injectable testosterone can directly induce OAG episode [39]. In addition to the
direct effect, testosterone can elevate the blood pressure, in which hypertension is a known
risk factor for glaucoma development [15,40]. Consequently, ADT might be a protective
factor for OAG development due to the decrement of testosterone expression; however,
further research is needed to clarify this concept. On the other hand, the cumulative
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probability of OAG did not illustrate significant difference among the prostate cancer with
ADT group, prostate cancer without ADT group and the control group in the current study.
Furthermore, the cumulative probability of OAG in the prostate cancer with ADT group
did not excess the other two groups throughout the study interval, which may further
demonstrate the safety of ADT management for OAG whether the ADT was ceased or not.

Regarding the other potential predisposing factors for the development of OAG, the
age would lead to a significant risk of OAG development. In previous studies, old age is a
prominent risk factor for the development of all types of glaucoma, including OAG and the
angle closure glaucoma [15,41,42]. Consequently, it is reasonable that the advanced age is
correlated to the higher incidence of OAG development in the current study. Interestingly,
the aHR of OAG was numerically decreased in those aged older than 80 years old. The
possible explanation for this might be that patients older than 80 years old become less able
to visit ophthalmic outpatient departments regularly. In regard to other established risk
factor of OAG including hypertension and DM [15,22], no significant correlation between
them and OAG occurrence were observed. Since we use the Cox proportional hazard
regression for analysis, which considers the effect of more than 10 covariates, the effect of
each parameter may be diminished. On the other hand, the demographic data are grossly
similar among the three groups, which may demonstrate the fair homogeneity among all
of our participants.

In the epidemiological aspect, OAG is the leading cause of visual impairment espe-
cially in high-income regions [43], and the prevalence of OAG was about six times more
common than the primary angle closure glaucoma. [16] Despite the advancement of anti-
glaucomatous medications [44], it remains the most frequent cause of irreversible blindness
throughout the world [45]. On the other hand, prostate cancer is the second most commonly
diagnosed cancer in the male population worldwide [46], and the ADT management is the
standard treatment for both recurrent and non-recurrent prostate cancers [1,6]. Accordingly,
surveying whether ADT would contribute to a higher risk of OAG is needed, and the
current study illustrates the safety of ADT considering the development of OAG, at least to
some extent.

There are certain limitations in the current study. Firstly, the retrospective design and
the claimed data nature reduce the homogeneity among the different groups despite the
PSM method. Second, we did not analyze the effect of different ADT separately because
a number of patients used more than one type of ADT, while the cardiovascular effects
result from each ADT could be different [47]. In addition, the numbers of primary outcome
were few and may influence the statistical analysis. Besides, the result of optical coherence
tomography and visual field exam cannot be obtained in the database, and thus, the
severity of OAG is unknown. Furthermore, the influence of steroid application, which is a
significant risk factor for OAG [48], was not analyzed in the current study because almost all
the patients used some type of steroid at certain time points, which would lead to statistical
error in the analysis. Finally, we found that ADT was discontinued in 663 participants
while the reason for the cessation, due to resistance or other reasons, cannot be accessed
since the real medical records were not available in the NHIRD/LHID 2005.

5. Conclusions

In conclusion, the utilization of ADT in patients with prostate cancer will lead to a
similar rate, if not a lower rate, of OAG development after adjusting several risk factors for
OAG. Furthermore, the long-term application of ADT contributes to minimal influence on
the occurrence of OAG. Consequently, the use of ADT might be safe in elderly populations
even if they have the risk factors of OAG. Further large-scale study to investigate whether
the use of ADT would influence the clinical course of pre-existing OAG is mandatory.
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