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Abstract

Background: Androgen deprivation therapy (ADT) worsens glycaemic control and
cardiovascular outcomes. The prognostic value of visit-to-visit HbAlc variability
(VVHV) has been unexplored in prostate cancer (PCa) patients receiving ADT.
Objective: To explore the effect of ADT on VVHV and the cardiovascular prognostic
value of VVHV.

Design, setting, and participants: PCa patients receiving ADT in Hong Kong between
January 1, 1993 and March 31, 2021 were included in this retrospective cohort
study. Those with fewer than three HbA1lc results available within 3 yr after ADT
initiation, <6 mo of ADT, missing baseline HbA1c, prior diagnosis of any component
of major adverse cardiovascular events (MACEs), and MACEs occurring within 3 yr
were excluded. Patients were followed up until September 31, 2021.

Outcome measurements and statistical analysis: The outcome was MACEs (composite
of heart failure, myocardial infarction, stroke, and cardiovascular mortality). VVHV
was calculated from HbA1c levels within 3 yr after and, separately where available,
before ADT initiation using coefficient of variation (CV; standard deviation [SD]
divided by mean) and average real variability (ARV; average difference between
consecutive measurements).

Results and limitations: Altogether, 1065 patients were analysed (median age 74.4 yr
old [interquartile range 68.3-79.5 yr]). In 709 patients with VVHV available before
and after ADT initiation, VVHV increased after ADT initiation (p < 0.001), with 473
(66.2%) and 474 (66.9%) having increased CV and ARV, respectively. Over a median
follow-up of 4.3 yr (2.8-6.7 yr), higher VVHV was associated with a higher risk of
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MACEs (adjusted hazard ratio [per SD] for CV 1.21 [95% confidence interval: 1.02,
1.43], p=0.029; ARV 1.25[1.06, 1.48], p = 0.008). Limitations included residual con-
founding and selection bias.
Conclusions: In PCa patients receiving ADT, VVHV increased after ADT initiation.
Higher VVHV was associated with an increased risk of MACEs.
Patient summary: In prostate cancer patients receiving androgen deprivation ther-
apy (ADT), glycaemic control is less stable after initiating ADT, which was associ-
ated with an increased cardiovascular risk.

© 2022 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Prostate cancer (PCa) was the third most common cancer
globally in 2020, with 1.4 million incident cases and
accounting for over 375 000 deaths [1]. Androgen depriva-
tion therapy (ADT) is one of the key therapies for PCa, in
which testosterone activity is suppressed pharmacologi-
cally and/or surgically [2,3]. ADT is recommended alone or
in combination with other therapeutic modalities for dis-
eases of intermediate or higher risk [3,4]. Despite its estab-
lished oncological efficacy, studies have shown associations
between ADT and increased risks of diabetes mellitus (DM),
cardiovascular mortality, myocardial infarction (MI), and
stroke [5-7], and among diabetic patients, worsened dia-
betic control and a higher risk of diabetic complications
[8-10]. Currently, risk factors and prognosticators for
adverse cardiovascular events among patients with PCa
receiving ADT remain actively investigated.

Studies of the glycaemic effects of ADT focused on gly-
caemic markers, such as HbAlc, as point estimates at fixed
time points [8-10]. Emerging evidence suggested that visit-
to-visit HbA1c variability (VVHV) has incremental prognos-
tic value atop point estimates that neglect longitudinal vari-
ations in HbAlc levels. Higher VVHV, reflecting more
fluctuating HbA1lc levels between hospital or clinic visits
(ie, less stable glycaemic control), has been associated with
increased risks of mortality and adverse cardiovascular
events in patients with and without DM [11-15]. Nonethe-
less, the effect of ADT on VVHV, as well as the prognostic
value of VVHV in patients with PCa receiving ADT, is unex-
plored. Given the adverse cardiometabolic effects of ADT
and the prognostic value of VVHV, this study aimed to test
the hypothesis that ADT adversely affects VVHV, and that
VVHV is prognostic of cardiovascular outcomes in patients
with PCa receiving ADT.

2. Patients and methods

This retrospective cohort study was approved by Joint Chinese Univer-
sity of Hong Kong—New Territories East Cluster Clinical Research Ethics
Committee, and was conducted according to the Declaration of Helsinki
and the Strengthening the Reporting of Observational Studies in Epi-
demiology guideline. As only retrospective, deidentified data were used,
the need for individual consent was waived.

2.1. Source of data

Data were acquired from the Clinical Data Analysis and Reporting Sys-
tem (CDARS), a population-based administrative database recording
basic demographics, diagnoses, laboratory tests, medication prescrip-
tions, and medical procedures of all patients attending public hospitals
and clinics in Hong Kong, which cover the entire Hong Kong and serve
90% of the population [16]. CDARS encodes diagnoses using the Interna-
tional Classification of Diseases, ninth revision (ICD-9) codes regardless
of the time of data input, as ICD-10 codes have not been implemented
in CDARS to date. Mortality data were acquired from the linked Hong
Kong Death Registry, a governmental registry of mortality data for Hong
Kong citizens. CDARS and the linked Hong Kong Death Registry have
been used extensively in research, and have been demonstrated to have
good coding accuracy and data completeness [17-22].

2.2. Patient population

Adult (aged 18 yr or above) patients with PCa who received ADT
between January 1, 1993 and March 31, 2021 were retrospectively iden-
tified and included. ADT included medical castration (leuprorelin, trip-
torelin, goserelin, or degarelix; other gonadotropin-releasing hormone
agonists and antagonists were not available in Hong Kong during the
study period) and bilateral orchiectomy (BO). Patients with fewer than
three HbA1lc measurements available within 3 yr after ADT initiation,
<6 mo of ADT, missing baseline HbA1c level (within 3 yr prior to ADT ini-
tiation), known heart failure (HF), M, or stroke, and those with the pri-
mary outcome occurring within 3 yr were excluded. Baseline covariates
recorded are summarised in the Supplementary material.

2.3. Follow-up and outcomes

All patients were followed up from the date of ADT initiation until
September 31, 2021. The primary outcome was major adverse cardiovas-
cular events (MACEs), a composite of HF, MI, stroke, and cardiovascular
mortality, which occurred at least 3 yr after the initiation of ADT. HF, MI,
and stroke were identified by ICD-9 codes listed in Supplementary
Table 1, whilst cardiovascular mortality was identified by ICD-9 or
ICD-10 codes listed in Supplementary Table 2.

24. Statistical analyses

VVHV was calculated using all HbA1c measurements within 3 yr after
ADT initiation. For patients with at least three HbAlc measurements
available within 3 yr before ADT initiation, mean HbA1c and VVHV prior
to ADT initiation were also calculated; no imputations were performed
for patients with fewer than three HbAlc measurements within 3 yr
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prior to ADT initiation. VVHV was measured by the coefficient of varia-

H . standard_deviation iahili .
tion (Cv, sandaddeviation)  and average real variability (ARV;
N-1
HbA1cy.1 —HbA1¢ .
Lﬂ%, where N is the number of HbAlc measurements

available, and k ranges from 1 to N - 1) [23,24]. For patients who had
at least three HbA1c measurements available within 3 yr prior to ADT
initiation, per-unit change in VVHV was defined as

[Post — ADT VVLV] — [Pre — ADT VVLV] and the percentage change was

Post_ADT _VVLV|—[Pre—ADT _VVLV| o
Pre_ADT WVLV] x 100%.

Details of statistical analyses are summarised in the Supplementary
material. Briefly, in those with at least three HbA1c measurements avail-
able within 3 yr prior to ADT initiation, pre- and post-ADT VVHV values
were compared. The proportional hazard assumption was not violated
when tested using Schoenfield residuals. Multivariable Cox regression
adjusted for significant baseline confounders identified by univariable
Cox regression was used to evaluate the prognostic value of VVHV, with
hazard ratios representing per standard deviation (SD) increase in VVHV

defined as !

measures. VVHV was also analysed as quartiles. Three a priori subgroup
analyses were performed for both the changes in VVHV and the prognos-
tic value of VVHV by (1) diagnosis of DM, (2) use of antidiabetic medica-
tion(s), and (3) types of ADT.

Sensitivity analyses were performed for the evaluation of the prog-
nostic value of VVHV. An a priori sensitivity analysis was performed
using multivariable competing risk regression with noncardiovascular
mortality as the competing event. A post hoc sensitivity analysis was
performed where differences in restricted mean survival time were used
to compare between groups. A second post hoc sensitivity analysis was
performed where only patients with at least 1 yr of ADT were analysed.
All p values were two sided, with p < 0.05 considered statistically
significant.

3. Results

Altogether, 13 537 patients were identified, of whom 2198
had at least three HbA1c results available within 3 yr after

udy period

ged 18 old o1

received ADT during the st
N =13 537

Table 1 - Baseline characteristics of included patients

Total number of patients (N) 1065
Age, yr (IQR) 74.4 (68.3-79.5)

Medical castration, N (%) 762 (71.6)
Bilateral orchiectomy, N (%) 430 (40.4)
ADT duration, yr (IQR) 3.4 (2.3-5.7)
Hypertension, N (%) 401 (37.7)
Diabetes mellitus, N (%) 850 (79.8)
Dyslipidaemia, N (%) 166 (15.6)
Ischaemic heart disease, N (%) 155 (14.6)
Chronic kidney disease, N (%) 41 (3.9)
Atrial fibrillation, N (%) 37 (3.5)
Known malignancy, N (%) 103 (9.7)
Prior radiotherapy, N (%) 41 (3.9)
Prior radical prostatectomy, N (%) 269 (25.3)
ACEI/ARB use, N (%) 599 (56.2)
Beta-blocker use, N (%) 476 (44.7)
Metformin use, N (%) 627 (58.9)
Sulphonylurea use, N (%) 565 (53.1)
Insulin use, N (%) 183 (17.2)
Dihydropyridine CCB use, N (%) 623 (58.5)
Antiplatelet use, N (%) 298 (28.0)
Anticoagulant use, N (%) 36 (34)
Chemotherapy use, N (%) 6 (0.6)
Steroid use, N (%) 164 (15.4)
HbA1c, % (IQR) 6.7 (6.1-7.4)

ACEI = angiotensin-converting enzyme inhibitor; ADT = androgen depri-
vation therapy; ARB = angiotensin receptor blocker; CCB = calcium
channel blocker; IQR = interquartile range.

ADT initiation. After applying the exclusion criteria, 1065
patients were included (median age 74.4 yr [interquartile
range 68.3-79.5 yr]; Fig. 1), of whom 850 (79.8%) had DM.
Characteristics of the included patients are summarised in
Table 1. Within the 3 yr after ADT initiation, the patients
had a median of five (four to six) available HbA1c measure-
ments. The median CV of HbAlc was 0.081 (0.046-0.135),
and the median ARV was 0.57% (0.31-1.03%). The 25th per-
centile, median, and 75th percentile values were also used

Less than three HbAlc results availablein the three years after
ADT initiation (N = 11 339)

received ADT during the study period and has at least three

HbA1c results availablein the 3 yrafter ADT initiation

N =2198

iagnosis of heart failure (N = 148)
Prior diagnosis of myocardial infarction (N = 78)

Prior diagnosis of stroke (N = 206)

Missing baseline HbA1lc level (N = 359)

Primary outcome occurring within three years (N = 168)

Prior

Fig. 1 - Study flowchart. ADT = androgen deprivation therapy.
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for defining the cut-off values for categorising the VVHV
markers into quartiles.

3.1. Change in VVHV after ADT initiation

Seven hundred and nine patients (66.6%) had at least three
HbA1c measurements within the 3 yr prior to ADT initia-
tion, with a median of five (three to seven) measurements
in the 3 yr prior to ADT initiation, and five (four to seven)
measurements in the 3 yr after ADT initiation.

VVHV increased significantly after ADT initiation, as
measured by both CV (0.059 [0.036-0.103] before ADT vs
0.089 [0.054, 0.139] after ADT, p < 0.001) and ARV (0.44%
[0.26-0.77%] before ADT vs 0.63% [0.39-1.08%] after ADT,
p < 0.001). The median per-unit change in CV was 0.023
(-0.013 to 0.071), and the median percentage change was
43.0% (-17.3% to 147.5%). The median per-unit change in
ARV was 0.17% (-0.09% to 0.50%), and the median percent-
age change was 43.1% (-18.0% to 138.1%). In total, 473
(66.2%) and 474 (66.9%) had increased CV and ARV of HbA1lc
after initiating ADT, respectively.

A subgroup analysis by prior diagnosis of DM (Supple-
mentary Table 4), prior use of antidiabetic medication(s)
(Supplementary Table 5), and type of ADT (Supplementary
Table 6) found that there were generally no differences
between subgroups in the change in VVHV after ADT initia-
tion, except for the percentage change in CV of HbAlc,
which was significantly smaller in those who used antidia-
betic medication(s) than in those who did not use such
medication(s) at baseline (p = 0.025). There was also a
numerical trend for a smaller percentage change in the
ARV of HbA1c in those who used antidiabetic medication
(s), which approached, but did not reach, statistical signifi-
cance (p = 0.072).

3.2. Prognostic value of VVHV

Over a median follow-up of 4.3 yr (2.8-6.7 yr), 159 patients
(14.9%) had MACEs. Higher VVHV was associated with a
higher risk of MACEs, as measured by both CV (adjusted
hazard ratio [aHR]; per SD] 1.21 [95% confidence interval
1.02, 1.43], p = 0.029; Table 2 and Fig. 2A) and ARV (aHR
[per SD] 1.25 [1.06, 1.48], p = 0.008; Table 2 and Fig. 3A);
one SD of CV corresponded to 0.082 and one SD of ARV cor-
responded to 0.72%. When analysed as quartiles, patients in

the highest quartile of both CV (aHR 1.69 [1.03, 2.77],
p = 0.037; Table 2 and Fig. 2B) and ARV (aHR 1.90 [1.14,
3.16], p = 0.014; Table 2 and Fig. 3B) of HbA1c had a signif-
icantly higher risk of MACEs than those in the lowest quar-
tile. However, among patients who had at least three HbAlc
results within the 3 yr prior to ADT initiation, neither per-
unit changes nor percentage changes in VVHV were signifi-
cantly associated with the risk of MACEs (Supplementary
Table 7).

3.3. Subgroup analysis of the prognostic value of VVHV

In the subgroup analysis by prior diagnosis of DM (Sup-
plementary Table 8), higher VVHV, as measured by CV
(aHR [per SD] 1.25 [1.03, 1.52], p = 0.024) and ARV
(aHR [per SD] 1.27 [1.06, 1.52], p = 0.009), was associ-
ated with a higher risk of MACEs in patients with a prior
diagnosis of DM (N = 850), but not in those without
(N = 215). There was no significant interaction between
either CV (pinteraction = 0396) or ARV (pinteraction = 0603)
of HbAlc and prior diagnosis of DM in terms of the risk
of MACEs.

Similarly, in the subgroup analysis by prior use of any
antidiabetic medication(s) (Supplementary Table 9), higher
VVHYV, as measured by CV (aHR [per SD] 1.23 [1.01, 1.50],
p = 0.041) and ARV (aHR [per SD] 1.24 [1.04, 1.49],
p = 0.020), was associated with a higher risk of MACEs in
patients with the prior use of any antidiabetic medication
(s) (N = 788), but not in those without (N = 277). There
was no significant interaction between either CV (Pinterac-
tion = 0.583) or ARV (Pinteraction = 0.972) of HbA1c and prior
use of any antidiabetic medication(s) in terms of the risk
of MACEs.

A subgroup analysis by the type of ADT found similar
results (Supplementary Table 10), with higher VVHYV, as
measured by CV (aHR [per SD] 1.32 [1.05, 1.67], p = 0.017)
and ARV (aHR [per SD] 1.31 [1.04, 1.65], p = 0.024), being
associated with a higher risk of MACEs in patients who
underwent only medical castration (N = 635), but not in
those who underwent only BO (N = 303) or those who
underwent both medical castration and BO (N = 127), as
summarised in Supplementary Table 10. No significant
interactions were found between the type of ADT and VVHV
in terms of the risk of MACEs.

Table 2 - Results of Cox regression examining the associations between visit-to-visit HbAlc variability and the risk of major adverse

cardiovascular events

Variability measure Variability as continuous variable (per
SD increase)

Variability as quartiles

Univariable Multivariable * Q1

Q2 Q3° Q4

CV Median (IQR)  0.081 (0.046-0.135)

HR (95% CI) 1.23 (1.06, 1.44), 1.21 (1.02, 1.43), 1 (reference)
p = 0.008 p = 0.029
ARV Median (IQR)  0.57 (0.31-1.03) 0.20 (0.15-0.27)
HR (95% CI) 131 (1.12, 1.53), 1.25 (1.06, 1.48), 1 (reference)
p = 0.001 p = 0.008

0.030 (0.020-0.039) 0.063 (0.054-0.072) 0.104 (0.092-0.116) 0.186 (0.157-0.239)

0.85 (0.51, 1.42),
p=0532
0.43 (0.38-0.50)
1.25 (0.76, 2.08),
p =0383

1.29 (0.80, 2.08),
p = 0.306
0.75 (0.65-0.85)
131 (0.80, 2.17),
p=0.283

1.69 (1.03, 2.77),
p=0037
1.50 (1.20-2.05)
1.90 (1.14, 3.16),
p=0014

ADT = androgen deprivation therapy; ARV = average real variability; CI = confidence interval; CV = coefficient of variation; HR = hazard ratio; Q = quartile;

SD = standard deviation.

2 Adjusted for age, medical castration, bilateral orchiectomy, ADT duration, hypertension, atrial fibrillation, and baseline HbA1c.
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Fig. 2 - (A) Fractional polynomial plot showing the association between the coefficient of variation (CV) of HbA1c and the risk of major adverse cardiovascular
events (MACEs) across the observed range of HbA1c CV. (B) Kaplan-Meier curves showing the cumulative incidence of MACEs in patients in each quartile of the

CV of HbA1c. ADT = androgen deprivation therapy.

34. Sensitivity analysis of the prognostic value of VVHV

In total, 367 patients (34.5%) died without having MACEs.
The a priori sensitivity analysis using multivariable Fine
and Gray competing risk regression found that higher ARV
of HbAlc was associated with a higher cumulative inci-
dence of MACEs (adjusted subhazard ratio (per SD) 1.15
[1.01, 1.32], p = 0.037). However, CV of HbA1c was not sig-

nificantly associated with the cumulative incidence of
MACEs (adjusted subhazard ratio [per SD] 1.11 [0.96,
1.29], p = 0.142).

The post hoc sensitivity analysis using restricted mean
survival time (Supplementary Table 11) showed consistent
results, where patients in the highest quartile of both CV
and ARV had significantly shorter restricted mean survival
time than those in the lowest quartile.
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Fig. 3 - (A) Fractional polynomial plot showing the association between the average real variability (ARV) of HbA1lc and the risk of major adverse
cardiovascular events (MACEs) across the observed range of HbA1c ARV. (B) Kaplan-Meier curves showing the cumulative incidence of MACEs in patients in

each quartile of the ARV of HbA1c. ADT = androgen deprivation therapy.

The second post hoc sensitivity analysis, which analysed
only patients with at least 1 yr of ADT (N = 1030), also
showed consistently that increases in both CV (aHR [per
SD] 1.21 [1.02, 1.44], p = 0.026) and ARV (aHR [per SD]
1.26 [1.07, 1.49], p = 0.006) of HbA1c were associated with
an increased risk of MACEs.

4. Discussion

In this study, we showed that ADT may increase VVHV and
that higher VVHV, but not changes in VVHV, was associated
with a higher risk of MACEs among patients with PCa
receiving ADT. To the best of the authors’ knowledge, this



EUROPEAN UROLOGY OPEN SCIENCE 47 (2023)3-11 9

is the first study that explored the effects of ADT on VVHV,
as well as the prognostic value of VVHV in the context of
ADT.

We found that VVHV increased after ADT, consistent
with prior findings of ADT being associated with poor gly-
caemic control [6-10]. Previous studies about glycaemic
control in patients receiving ADT focused on time point-
specific HbA1c or fasting glucose levels, which capture only
a snapshot of a patient’s glycaemic metabolism and ignore
temporal variations in glycaemic indices. VVHV adds a lon-
gitudinal element to the assessment of glycaemic control,
with higher VVHV indicating lower glycaemic stability.
Numerous measures of VVHV exist [12,14,25]. Here, we
chose CV and ARV as measures of VVHV. CV is one of the
most common measures of VVHV, as its definition (SD
divided by mean) inherently considers the effects of mean
HbA1c on VVHV. Meanwhile, ARV focuses on differences
between consecutive measurements and has been found
to be superior to SD in terms of prognostic significance
[24]. Originally devised for blood pressure measurements,
ARV has been adopted for VVHV [12] as well as for visit-
to-visit fasting glucose variability [26,27]. We showed that
both CV and ARV of HbA1c increased after ADT initiation,
providing robust evidence that ADT adversely affects gly-
caemic stability.

Our finding that higher VVHV was prognostic of MACEs
agrees with prior studies of VVHV in other populations
[11-15]. Notably, our results indicated that a threshold
effect may exist in the relationship between VVHV and
the risk of MACEs, as only the highest quartile, but not the
second or third quartiles, was associated with an increased
risk of MACEs compared with the lowest quartile. Clinically,
this may necessitate determination of an upper limit of nor-
mal VVHV, rather than aiming to minimise VVHV; further,
larger studies are required. Additionally, our subgroup anal-
ysis found no significant interaction between VVHV and
prior diagnosis of DM, use of antidiabetic medications, or
the type of ADT, suggesting that VVHV is prognostic regard-
less of these factors. Although associations were insignifi-
cant in several subgroups, the statistical insignificance
was probably due to the small sample sizes. Nevertheless,
competing risk regression found significant association only
between HbAlc ARV and the risk of MACEs. Kim and col-
leagues [12] have made similar observations in patients
with type 2 DM, possibly indicating that ARV is a more
robust measure of VVHV and prognosticator.

4.1. Clinical relevance and future directions

Clinically, our findings reinforced the potential utility of
VVHV as a tool for cardiovascular risk stratification. Little
has been done in terms of cardiovascular risk stratification
for patients with PCa receiving ADT. VVHV may be a simple
marker that can be explored for such purposes. More gener-
ally, our findings should raise clinicians’ awareness of the
importance of VVHV and prevent fluctuations in HbAlc
from being dismissed as random or measurement errors.
Nonetheless, much work remains before VVHV may be
adopted for clinical use. Having observed a possible thresh-
old effect, normal values of VVHV need to be established for

patients with PCa receiving ADT. Additionally, drivers of
VVHV remain unclear: whilst medication adherence may
be an intuitive driver, studies have demonstrated associa-
tions between VVHV, inflammation, and oxidative stress
[28,29]. Given the intimate relationships between inflam-
mation and both cancer and cardiovascular diseases
[30,31], the association between VVHV and the risk of
MACEs may vary depending on a patient’s inflammatory
state. Lastly, whilst it is enticing to suggest VVHV to be a
treatment target of glycaemic control, it remains unclear
how interventions, both pharmacological and nonpharma-
cological, influence VVHV. Findings from our subgroup
analysis suggested that the usage of antidiabetic medica-
tion(s) may be associated with smaller changes in VVHV
as compared with nonusage. However, it remained unclear
whether such an association was independent of con-
founders, and such findings should be viewed as hypothesis
generating only. These areas require further investigation
before VVHV may be utilised clinically.

4.2. Strengths and limitations

Utilising data from a population-based database, this study
included as many patients as pragmatically possible from
Hong Kong, increasing the representativeness of our find-
ings. Additionally, we demonstrated robust associations
between VVHV and the risk of MACEs in multiple subgroup
and sensitivity analyses, reinforcing the validity of our find-
ings. Nonetheless, this study has some limitations. First,
many patients had fewer than three HbAlc levels recorded
within the 3 yr after ADT initiation, with only 1065 of the
13 537 patients (7.9%) who fulfilled the inclusion criteria
analysed, limiting the generalisability of our findings and
necessitating larger studies to validate our findings. Fur-
thermore, this study selected patients with high car-
diometabolic risks, as they were more likely to receive
frequent HbA1c testing than those with low metabolic risks.
Therefore, it is unclear whether VVHV would be as prognos-
tic in patients with lower metabolic risks. Similarly, our
selection criteria for patients with at least 6 mo of ADT lim-
ited generalisability of our findings to patients receiving
shorter durations of ADT. Future studies should therefore
further explore the effects that shorter courses of ADT
may have on VVHYV, as well as the prognostic value of VVHV
in these patients. Nonetheless, our findings were consistent
with prior findings, including those in the general popula-
tion [25], meaning that VVHV is likely prognostic in patients
with lower metabolic risks as well.

Additionally, the observational nature of this study pre-
disposed to residual and unmeasured confounders. Specifi-
cally, some studies have suggested that gonadotropin-
releasing hormone agonists and antagonists may differ in
the risk of MACEs [32], although this has remained highly
controversial following the publication of the PRONOUNCE
trial, the first randomised controlled trial specifically
designed to compare the cardiovascular safety of
gonadotropin-releasing hormone agonists and antagonists,
which found no significant difference in the risk of MACEs
between these agents [33]. Moreover, cancer staging, histol-
ogy, disease risk profile, and individual indications for
specific treatment regimens were not available. Neverthe-
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less, we have considered many important cardiovascular
risk factors for multivariable adjustment. Lastly, due to
the deidentified nature of the database used (CDARS), the
data could not be adjudicated individually, and miscoding
of diagnoses and outcomes was possible. Nonetheless, all
data inputs were performed by the patients’ treating clini-
cians who were independent of the authors, and none of
the authors had the rights to alter recorded data. Previous
studies of CDARS have also demonstrated good data com-
pleteness and coding accuracy [17].

5. Conclusions

In patients with PCa receiving ADT, VVHV increased after
ADT initiation. Higher VVHV was associated with an
increased risk of MACEs, independent of prior diagnosis of
DM, use of antidiabetic medication(s), and type of ADT. Fur-
ther studies are required to validate our findings and to fur-
ther explore VVHV as a potential tool for cardiovascular risk
stratification in patients with PCa receiving ADT.
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