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ABSTRACT
Aims/Introduction: There is still no obvious evidence proving that androgen depriva-
tion therapy (ADT) would increase the risk of diabetes. To determine if ADT is associated
with diabetes in men with prostate cancer, we carried out the present study.
Materials and Methods: We systematically searched Medline, Embase and the Cochrane
Library Central Register through 2014. Studies comparing ADT vs control aimed at treating
prostate cancer reporting diabetes as outcome were included. Data were extracted indepen-
dently by two reviewers. This meta-analysis was reported based on the Preferred Reporting
Items for Systematic reviews and Meta-Analyses checklist. Observational studies were evalu-
ated through the Meta-analysis Of Observational Studies in Epidemiology checklist.
Results: Eight studies were identified with 65,695 ADT users and 91,893 non-ADT users. The
pooled incidence of diabetes was 39% higher in ADT groups. A significant association was
observed in the overall analysis (risk ratio [RR] 1.39, 95% confidence interval [CI] 1.27–1.53;
P < 0.001). In subgroup analyses, diabetes was found to be significantly associatedwith gona-
dotropin-releasing hormone (GnRH) alone (RR 1.45, 95% CI 1.36–1.54; P < 0.001), GnRH plus
oral antiandrogen (RR 1.40, 95% CI 1.01–1.93; P = 0.04) and orchiectomy (RR 1.34, 95% CI 1.20–
1.50; P < 0.001), but not with antiandrogen alone (RR 1.33, 95% CI 0.75–2.36; P = 0.33). Dia-
betes was strongly related to long duration of ADT (RR 1.43, 95% CI 1.22–1.68; P < 0.001), and
was slightly associatedwith short duration of ADT (RR 1.29, 95% CI 1.12–1.49; P = 0.0004).
Conclusions: ADT, especially long duration (>6 months) of this treatment, GnRH alone,
GnRH plus antiandrogen and orchiectomy can increase the incidence of diabetes.

INTRODUCTION
Prostate cancer (PCa) is one of the most common malignan-
cies in the USA, and the second leading cause of cancer-
related mortality worldwide1. Because the development and
growth of PCa cells are dependent on androgens2, androgen
deprivation therapy (ADT) plays an important role in the
treatment of PCa, and has been increasingly used in the past
decade, both as primary and neoadjuvant therapy, with
approximately one-third of the estimated 2 million PCa
patients in the USA3,4.
ADT results in a rapid decrease in serum concentrations of

testosterone. Epidemiological studies have shown that low testos-
terone levels independently predict the development of insulin
resistance, type 2 diabetes, and metabolic syndrome5,6. Addition-
ally, one population-based cohort study7 involving 38,158 PCa

patients showed that ADT is related to a higher incidence of dia-
betes (adjusted hazard ratio [HR] 1.24, 95% confidence interval
[CI] 1.15–1.35). However, there is still no obvious evidence prov-
ing that ADT would increase the risk of diabetes. In addition,
some short-term prospective studies (with duration of ADT
≤6 months)8,9 showed that fasting glucose levels did not change
compared with non-ADT users. However, many population-
based cohort studies7,10 showed a significant association between
long duration of ADT (>6 months) and diabetes morbidity.
Based on the current situation of this clinical issue, our

research group carried out a meta-analysis and systemic review
to determine if ADT is associated with an increased risk of dia-
betes.

MATERIALS AND METHODS
Search strategy and study selection
A literature search was carried out using MEDLINE, EMBASE
and the Cochrane Library database up to 30 December 2014.Wang H, Sun X and Zhao L contributed equally to this article.
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The search strategy consisted of combining keywords and sub-
ject headings with all possible combinations. Full search terms
can be found in Appendix S1. No publication year, language or
other restrictions were used. A hand search was also carried
out of the references of all included studies.
Studies were included if they fulfilled the criteria as follows:

(i) patients diagnosed with PCa; (ii) the treatment in interven-
tion groups is ADT or ADT combined with other therapy; (iii)
patients in control groups never received ADT; (iv) studies
must either report risk estimates with 95% confidence intervals
(CIs), or report sufficient data to estimate these; and (v)
included studies had to provide comparative data. The most
recent or complete study was chosen, if more than one article
were identified from the same population database.

Data extraction and quality assessment
Two reviewers (Wang and Sun) independently extracted the
data from eligible and potentially relevant publications, with
differences resolved by the third reviewer (J Zhao) when neces-
sary. For each included publication, the following information
was considered: publication year and medical center, study
design, study population (number of participants, median age),
follow-up period, treatment in both groups, types and duration
of ADT, definition of diabetes, hazard ratios (HRs) or risk
ratios (RRs) and corresponding 95% CIs of estimates in each
comparison, or the data available to calculate them. The defini-
tion of diabetes was consistent with what the authors described
in their studies.
The quality of the included trial was assessed by Jadad

Score11, and was identified to be of high quality if it
achieved more than four scores. We assessed the quality of
selected cohort studies according to the Newcastle–Ottawa
quality assessment scale12, and considered to be of high qual-
ity with more than six stars. The Agency for Healthcare
Research and Quality assessment13 was used to assess the
cross-sectional studies. Two reviewers independently assessed
and discussed discrepancies until agreement was reached.
Additionally, the level of evidence of all included articles was
assessed according to Phillips’ classifications.14 The present
study was carried out based on the Preferred Reporting
Items for Systematic reviews and Meta-Analyses guidelines
(Appendix S2). Observational studies were evaluated through
the Meta-analysis Of Observational Studies in Epidemiology
checklist (Appendix S3).

Subgroups analyses
As a mainstream therapy for PCa, ADT was divided into long
duration (more than 6 months) and short duration (6 months
or less) in many studies15,16. According to this cut-off level,
analyses of ADT with long duration (>6 months) and short
duration (≤6 months) were particularly carried out. Additional
subgroup-analyses for various types of ADT vs non-ADT were
also carried out to minimize the heterogeneity in overall analy-
sis.

Statistical analysis
As described in our previous study17, different methods were
used to estimate the HRs or RRs according to the data pro-
vided in the studies. When two or more types of ADT were
respectively compared with the same control group, random
effects meta-analyses were used to combine these results.
Interstudy heterogeneity was evaluated using the Cochrane’s

Q statistic18. In addition, inconsistency was quantified by the I2

statistic (100% 9 [(Q – d.f.) / Q]), with a lower value denot-
ing minor heterogeneity19. The assumption of homogeneity
was considered invalid for P < 0.05. Using the DerSimonian
and Laird method, we chose random effects models through-
out this analysis no matter whether heterogeneity existed or
not.
We used Begg’s adjusted rank correlation test and Egger’s

linear regression test to evaluate publication bias. All analyses
were carried out with Review Manages (version 5.3; The
Cochrane Collaboration, Oxford, USA) and STATA (version 11.0;
College Station, TX, USA). Two-tailed P < 0.05 was considered
to be statistically significant.

RESULTS
Literature search and characteristics of the included studies
The initial database searches produced 462 articles, of which
181 duplicates were removed. Of the remaining articles, 254
were then excluded through titles and abstracts. Through the
full text screening, nine studies were further removed, because
they did not mention diabetes as an end-point. Three studies
with ADT also used in a control group and three20–22 with
duplicated data were also excluded. Additionally, the last four
studies were excluded for failing to provide a control group.
Eight studies7,10,23–28 were finally included in the present study
(Figure 1). Table S1 showed the excluded reasons of full-text
articles. No further studies were evaluated through the search
of the references listed in reviews.
The characteristics of included publications for diabetes are

listed in Table 1. The results of quality assessment according
to the Newcastle–Ottawa quality assessment scale for cohort
studies and Agency for Healthcare Research and Quality
assessment for cross-sectional studies are presented in Tables
S2 and S3. All eligible cohort studies were of high quality
based on the Newcastle–Ottawa quality assessment scale, with
scores ranging from seven to nine stars. Level of evidence of
included cohort studies were all 2a, and the cross-sectional
studies were all 3a.

Meta-analysis results
Eight studies7,10,23–28 involving 157,588 participants were identi-
fied to investigate the relationship between ADT and diabetes.
Among 65,695 ADT users, 7,136 patients (approximately
10.9%) developed diabetes compared with 6,987 events (ap-
proximately 7.6%) in 91,893 non-ADT users (RR 1.39; 95% CI
1.27–1.53; P < 0.001; Figure 2a), indicating that ADT is
strongly associated with an increased risk of diabetes morbidity.
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Data from two studies10,26 were available for subgroup analy-
ses comparing different types of ADT with non-ADT: one
study26 was available for antiandrogen (AA) alone and gonado-
tropin-releasing hormone (GnRH) plus AA, two studies10,26

were available for GnRH only and orchiectomy. As shown in
Figure 3a, subgroup analyses for different types of ADT showed
that diabetes was strongly related with GnRH alone (RR 1.45,
95% CI 1.36–1.54; P < 0.001), GnRH plus AA (RR 1.40, 95%
CI 1.01–1.93; P = 0.04) and orchiectomy (RR 1.34, 95% CI
1.20–1.50; P < 0.001), but not with AA alone (RR 1.33, 95%
CI 0.75–2.36; P = 0.33). Details of meta-analyses for each type
of ADT are presented in Figure S1.
Seven studies7,10,23–25,27,28 were included for subgroup

analysis of ADT with long duration (>6 months) and short
duration (≤6 months). Only one study10 was available to inves-
tigate the effect of short duration (≤6 months) of ADT, and
seven7,10,23–25,27,28 were available for long duration(>6 months).
As presented in Figure 3b, diabetes was strongly related to long
duration of ADT (RR 1.43, 95% CI 1.22–1.68; P < 0.001), and
was slightly associated with short duration (RR 1.29, 95% CI
1.12–1.49; P = 0.0004), compared with overall-analysis (RR
1.39, 95% CI 1.27–1.53; P < 0.001).

Sensitivity analysis and publication bias
Sensitivity analyses for the association between ADT and dia-
betes were carried out to evaluate the reliability of this meta-
analysis. After excluding all these cross-sectional studies23–25,28,
the analysis result was similar to the overall analysis and
achieved the reduction of heterogeneity (RR 1.37, 95% CI 1.26–
1.47; P < 0.001; Figure 2b). In our assessment of publication
bias, funnel plots showed balance, with points distributing
around the verticals, indicating no obvious publication bias
(Figure S2). Additionally, actualized data from Begg’s and
Egger’s tests also supported no exhibited publication bias
(Table S4).

DISCUSSION
The present study carried out a meta-analysis involving eight
observational studies with a total of 157,588 PCa patients, and
showed that ADT was associated with diabetes. The direct evi-
dence was proved by Keating et al.10, showing a significantly
increased risk of diabetes over a median follow-up period of
4.55 years in GnRH users with PCa (HR 1.44, P < 0.001). One
cross-sectional study24 also found that men on ADT had a
higher prevalence of abdominal hyperglycemia.
ADT is considered to be effective when serum testosterone

has declined to the recommended levels of 50 ng/dL, according
to the 2012 National Comprehensive Cancer Network guideli-
nes29. However, low serum testosterone levels might decrease
lean body mass and increase fat mass30, and might also reduce
insulin sensitivity31, resulting in insulin resistance. Furthermore,
obesity and insulin resistance are strongly associated with
type 2 diabetes mellitus32. Taken together, all of those afore-
mentioned supported our finding that ADT is a risk factor for
diabetes.
Among included publications, four studies7,10,26,27 were

large-scale cohort studies, and all the others23–25,28 were cross-
sectional studies. No trials met the inclusion criteria of our
meta-analysis. To ensure the quality of the included studies,
we carried out a sensitivity analysis only including cohort
studies. When cross-sectional studies were ruled out of consid-
eration, RRs were obtained, and the analysis result was similar
to the overall analysis and achieved the reduction of hetero-
geneity.
Because varied types of ADT were reported in two eligible

studies10,26, bias might exist in the results of overall analyses. In
order to reduce this heterogeneity, subgroup analyses stratified
by ADT type were carried out. A significantly increased risk of
diabetes was associated with GnRH, GnRH plus AA and
orchiectomy, but not with AA monotherapy. Treatment with
antiandrogen monotherapy is not approved for PCa in the
USA, so few men likely received such therapy.22 GnRH agonist
could be responsible for diabetes toxicity through indirect
mechanism, in which hypogonadism plays a critical role in the
onset of metabolic syndrome33. The direct evidence proved by
Keating et al.26, evaluating the relationship between GnRH ago-
nist and diabetes events over a median follow-up period of

462 of records identified
267 MEDLINE
126 EMBASE
69 Cochrane Library Central Register 

181 duplicates removed

281 potentially relevant studies screened 
through title and abstract

254 excluded
67 not related topic
116 secondary studies
30 laboratory research
9 case report
32 others

27 full text articles assessed for eligibility

19 excluded
3 ADT was used in control groups
3 duplicate studies
9 diabetes was not the end point
4 studies have no control group

8 studies included in this meta-analysis for 
diabetes morbidity

Figure 1 | Flow diagram of search strategy and study selection. ADT,
androgen deprivation therapy.
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2.6 years in men with PCa, was in accordance with our find-
ings that GnRH agonist could significantly increase the risk of
diabetes morbidity (adjusted HR 1.48, 95% CI 1.31–1.67). How-
ever, the present meta-analysis had limitations that should be
acknowledged. First, two or more types of ADT groups from
two articles10,26 were respectively compared with the same con-
trol group. Random effects meta-analysis was used to combine
these data together for compositing overall RRs. Second, all eli-
gible publications were retrospective observational studies,
which could introduce recall limitation so that the integrity of
the records weakened the reliability of the results. However, as
one adverse effect of ADT, diabetes is not the main end-point
randomized controlled trials always focus on, and the strict
inclusion in randomized controlled trials might lead to the limi-
tations of external validity as a result34. For the purpose of
investigating adverse drug reactions, it is more credible to carry
out a large-scale observational study with long duration of fol-
low up, high quality of design and implementation. Third, there
was not an adequate number of studies available for the sub-

group analysis of short duration of ADT. We tried to add the
short duration to our subgroup analysis only for comparison
with long duration of ADT. As to the different types of ADT,
there was the same problem that only one study was available
for AA and GnRH plus AA. We are aware of this limitation
that the analysis result of AA and GnRH plus AA might be
not credible; these results were only for comparison with other
therapies. Furthermore, the basic characteristics of patients (e.g.,
age, the stage of PCa, comorbidities) with or without ADT
might be different, and these could affect the incidence of dia-
betes. However, the HRs directly given in all of our included
cohort studies7,10,26,27 were already adjusted for the baseline
characteristics of patients. Therefore, the influence of mixing
basic characteristics of populations on our meta-analysis would
be minimized. Finally, the present study only included articles
with binary variables reporting diabetes morbidity as the end-
point, but studies with continuous variables (e.g., fasting blood
glucose or fasting serum insulin) were ruled out. However, this
potential bias is likely to have been minimal, because the result
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Figure 2 | (a) Overall relative risks of diabetes related to androgen deprivation therapy (ADT). (b) Relative risks of diabetes related to ADT for
sensitivity analysis. CI, confidence interval.
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of this meta-analysis was similar to the studies35,36 only report-
ing continuous variables that ADT users had a significantly
higher glucose level compared with controls.
In conclusion, this meta-analysis proves that ADT is associ-

ated with diabetes. Subgroup analyses show that GnRH, GnRH

plus AA and orchidectomy can significantly increase the risk of
diabetes. Additionally, diabetes is significantly related to long
duration of ADT (≤6 months), and is slightly associated with
short duration (>6 months). The present findings might help
clinicians be conscious of the potential risks of ADT and

Alibhai et al. 2009

Lage et al. 2007
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Basaria et al. 2005

Morote et al. 2014

Cleffi et al. 2011
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Heterogeneity: P = 0.08;  I2 = 45%

Test for overall effect: P < 0.00001
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Test for overall effect: P < 0.00001

Test for subgroup differences: P = 0.34, I2 = 0% 

b.Duration of ADT:>6 months
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Figure 3 | (a) Relative risks of subgroup analyses for diabetes related to different types of androgen deprivation therapy (ADT). (b) Relative risks of
diabetes related to long and short durations of ADT. AA, antiandrogen; CI, confidence interval; GnRH, gonadotropin-releasing hormone.
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ensure medical safety. Additionally, randomized controlled trials
are required to further investigate the relationship between
ADT and diabetes.
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