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Abstract

Introduction: The presence of metabolic syndrome in men with 
prostate cancer (PCa) undergoing androgen-deprivation therapy 
(ADT), especially intermittent type, has not been completely evalu-
ated. The aim of this study is to evaluate metabolic syndrome in 
men with PCa undergoing intermittent ADT.
Methods: In this longitudinal study, we studied the prevalence of 
metabolic syndrome and its components in 190 patients who were 
undergoing intermittent ADT. The metabolic syndrome was defined 
according to the Adult Treatment Panel III criteria. All metabolic 
parameters, including lipid profile, blood glucose, blood pressures, 
and waist circumferences of the patients were measured six and 
12 months after treatment.  
Results: Mean age of the patients was 67.5 ± 6.74 years. The 
incidence of metabolic syndrome after six and 12 months was 
6.8% and 14.7%, respectively. Analysis of various components of 
the metabolic syndrome revealed that patients had significantly 
higher overall prevalence of hyperglycemia, abdominal obesity, 
and hypertriglyceridemia in their six- and 12-month followups, but 
blood pressure has not been changed in the same period except 
for diastolic blood pressure after six months.
Conclusions: Although there was an increased risk of metabolic 
syndrome in patients receiving intermittent ADT, it was lower than 
other studies that treated the same patients with continuous ADT. 
Also it seems that intermittent ADT has less metabolic complica-
tions than continuous ADT and could be used as a safe alternative 
in patients with advanced and metastatic PCa.

Introduction

Prostate cancer (PCa) is the most common non-cutaneous 
cancer diagnosed in men and the second most common 
cause of cancer related death, with a lifetime risk of death 
at 2.57%.1,2 Statistics suggest that its incidence and the death 
rate are rapidly increasing, despite improved detection rates. 
This may be due to rapid increases in the population age 
and changes in dietary habits.3 

Radical prostatectomy and radiotherapy are the preferred 
treatments in men with confined PCa. However, androgen-
deprivation therapy (ADT) is the main treatment of advanced 
and metastatic PCa. The modalities of ADT include surgery 
(orchiectomy) or medical therapy.4 Today, with progression 
in new medical drugs (gonadotropin-releasing hormone 
[GnRH] agonists and antagonists), most patients choose 
medical therapy, so the overall use of ADT has increased 
in the past two decades. Also because of the increasing rate 
of PCa diagnosis in younger men, hormonal therapy is being 
used for extended periods of time.5 Different studies showed 
that most men with PCa die of conditions other than their 
primary malignancy, so changes in treatment modalities and 
diagnosis and management of adverse effects have become 
more important. Therefore, different strategies for ADT, such 
as intermittent treatment have been described. Intermittent 
androgen suppression may reduce the side effects of therapy 
during off-treatment periods.6 

The resulting hypogonadism due to ADT may leads to 
adverse results, such as osteoporosis, unfavourable body 
composition (increase in body mass index, increased fat 
mass, reduced lean body mass and muscle strength), sexu-
al dysfunction, and reduced quality of life. Recent studies 
suggest male hypogonadism is an independent risk factor 
for the development of metabolic syndrome and diabetes.7 
However, the presence of metabolic syndrome in men with 
PCa undergoing ADT, especially intermittent type, has not 
been completely evaluated. In this study, we evaluated 
metabolic syndrome in men with PCa undergoing intermit-
tent ADT.

Methods

In this longitudinal study, we studied the patients who were 
undergoing intermittent ADT. All patients did not have meta-
bolic syndrome at the start of study. Exclusion criteria were 
abnormal liver function tests or serum creatinine, history of 
any medical diseases (such as thyroid disease, hypogonad-
ism, or glucocorticoid use), and any history of chemother-
apy. Also, if prostate-specific antigen (PSA) and symptoms 
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did not respond to a full course of ADT, the patient was 
considered castration-resistant and excluded from the study.

The metabolic syndrome was defined according to the 
Adult Treatment Panel III criteria. Patients were classified 
as having metabolic syndrome if three of the following five 
criteria were present: fasting plasma glucose level more than 
110 mg/dL, serum triglyceride level more than 150 mg/dL, 
serum high-density lipoprotein (HDL) level less than 40 mg/
dL, waist circumference more than 102 cm, and blood pres-
sure of more than 130/85 mmHg. Participants on antihyper-
tensive drugs and lipid-lowering medications were classified 
as positive for the respective criterion.

One hundred ninety patients who were candidates for 
ADT and responded to six injections of GnRH agonists were 
enrolled in this study. The patients were categorized into 
three groups: patients with locally advanced disease who 
were not suitable for radical prostatectomy; patients with 
metastatic disease; and patients with recurrent disease fol-
lowing radical prostatectomy or radiotherapy. All patients 
signed the informed consent. Response was defined as PSA 
level below 4.0 ng/L. During this induction therapy, all 
patients received injections of triptorelin 3.75 mg every 28 
days plus flutamide 250 mg three times daily for the first 
two weeks. Serum PSA and testosterone, as well as clinical 
status, were checked every three months and if PSA rose to 
10 ng/L, patients received three more injections to suppress 
the serum PSA to 4 ng/L or less. All metabolic parameters, 
including lipid profile, blood glucose, blood pressures, and 
waist circumferences of the patients were measured six and 
12 months after treatment. All data were analyzed using 
SPSS version 18.0 software and p<0.05 was considered sta-
tistically significant.

Results

A total of 190 patients were evaluated in this study. The 
mean age of the patients was 67.5 ± 6.74 years (min 58 
and max 80). Of these 190 patients, 56 patients (29.5%) 
had locally advanced PCa, 61 (32.1%) had metastatic dis-
ease, and 73 (38.4%) had recurrent disease after previous 
definitive therapy (Fig. 1). Their Gleason scores (GS) were 
as following: GS 6 in 12 patients (6.3%), GS 7 in 45 patients 
(23.7%), GS 8 in 48 patients (25.2%), GS 9 in 57 patients 
(30%) and GS 10 in 28 patients (14.7%) (Fig. 2).

Analysis of various components of the metabolic syn-
drome revealed that patients had significantly higher over-
all prevalence of hyperglycemia, abdominal obesity, and 
hypertriglyceridemia in their six- and 12-month followups, 
but blood pressure had not changed in the same period 
except for diastolic blood pressure after six months (Table 1). 

Fasting plasma glucose of the patients was 111.92 ± 
13.74, 112.78 ± 16.4, and 114.58 ± 17.66 mg/dl at the 
beginning of the study and at six and 12 month post-treat-
ment, respectively. The change was not significantly differ-
ent in the first six month (p=0.107), but after 12 months it 
was significantly higher (p<0.001). The mean amounts of 
triglycerides in patients at the same periods were 104.92 ± 
20.92, 110.82 ± 18.58, and 123.57 ± 17.69 mg/dL, respec-
tively, a significant increase after both six and 12 months 
(p<0.001). Also the mean amount of HDL cholesterol was 
47.78 ± 9.54, 50.25 ± 8.99, and 51.09 ± 8.18 mg/dl), again 
a significant increase at six and 12 months (p<0.001). 

The mean waist circumferences of the patients at the start 
and at six- and 12-month followups was 90.37 ± 13.3, 91.04 
± 13.25, and 91.41 ± 13.67 cm, respectively, a significant 
increased after six and 12 months (p<0.001). 

In the same time periods, the mean systolic blood pres-
sures of the patients were 126.35 ± 15.38, 127.52 ± 2.80, 
and 127.23 ± 12.15 mmHg, respectively. The changes were 
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not significantly different (p=0.098 and 0.252 after six and 
12 months, respectively). Also, the mean diastolic blood 
pressures of the patients were 82.21 ± 9.47, 83.18 ± 8.41, 
and 81.31 ± 8.07 mmHG, respectively; while the changes 
were significantly different after six months (p=0.029), they 
were not  was not after 12 months (p=0.055). 

After six months, 13 patients (6.8%) met the criteria of 
metabolic syndrome. The mean age of patients with meta-
bolic syndrome was not statistically different that that of 
the other patients (70.92 ± 8.19 vs. 68.35 ± 6.61 years; 
p=0.185). Also, the incidence of metabolic syndrome after 
12 months was 14.7% (28 patients). At this time period, the 
mean age of patients with metabolic syndrome was signifi-
cantly higher than that of the other patients (71.21 ± 7.09 
vs. 68.06 ± 6.59 years; p=0.022). 

Discussion

ADT has been the cornerstone of treatment of advanced 
and metastatic PCa. It has progressed since 1941, when 
Huggins et al described the androgen dependence of PCa by 
showing that castration decreases its growth.8 ADT includes 
orchidectomy or medical therapy (GnRH agonists or antago-
nists), but most patients choose the latter.4 GnRH agonists 
were discovered in 1971 and are now the mainstay of PCa 
treatment; approximately 600 000 men in the U.S. alone 
are receiving it.9 The overall use of ADT has increased in 
the past two decades and most men with PCa die of con-
ditions other than their primary malignancy, such as ADT 
complications. In order to increase quality of life (QoL), dif-
ferent strategies for ADT, with possibly fewer complications, 
have been described. This includes intermittent treatment.5,6 
Most phase 2 studies have shown that intermittent ADT regi-
mens decrease adverse events and improve QoL during off-
therapy periods, with promising tolerability profiles. Also, 
early phase 3 results show a better tolerability profile and 
QoL with intermittent ADT than with continuous treatment. 
Although these early studies demonstrate the potential short-
term benefits of intermittent ADT, there are still insufficient 
data to determine whether it has the potential to prevent or 
reverse the long-term complications associated with ADT.10

ADT and metabolic syndrome

One of the most challenging side effects of ADT is metabolic 
syndrome, which may be due to hypogonadism. Few stud-
ies have evaluated the metabolic alterations that occur as a 
result of ADT in men with PCa. Braga-Basaria et al found that 
more than half of the men receiving long-term (at least 12 
months) ADT had metabolic syndrome compared with one-
fifth of the men in control groups. They suggest that the high 
prevalence of metabolic syndrome in the ADT group may be 
a direct result of profound hypogonadism and independent 
of any influence of age, race, and disease (PCa).11 In their 
study, Valverde et al showed that the prevalence of meta-
bolic syndrome in patients on ADT was 51.9% compared to 
35.8% in patients without ADT.12 In a cross-section obser-
vational study, Munoz Garcia et al stated that prevalence 
of metabolic syndrome in men on ADT after six months of 
treatment is 21%, after 12–18 months treatment is 36%, and 
after 24 months treatment is 24%.13 Finally, in a recent meta-
analysis, there was a positive association between ADT and 
risk of metabolic syndrome (relative risk 1.75).14 In our study, 
the prevalence of metabolic syndrome in patients treated 
with intermittent ADT was 6.8% and 14.7% after six and 
12 months, respectively. Although there was an increased 
risk of metabolic syndrome in these patients, this increase 
was lower than other studies that treated the same patients 
with continuous ADT. It seems that the risk of metabolic 
syndrome in intermittent ADT is lower than with continu-
ous treatment.  

ADT and diabetes

There are some studies that have evaluated the compo-
nents of metabolic syndrome in patients treated with ADT. 
In the meta-analysis mentioned above, diabetes was the 
only component present in more than three of nine studies, 
and also showed an increased risk following ADT (relative 
risk 1.36).14 Keating et al, in an observational study on 37 
443 population-based men who were diagnosed with local 
or regional PCa, showed that treatment with GnRH ago-
nists was associated with statistically significantly increased 
risk of incident diabetes (adjusted hazard ratio 1.44). They 
showed 159.4 events of diabetes per 1000 person-years 

Table 1. Components of metabolic syndrome in patients

Characteristic First of study After 6 months After 12 months
p value

6 months 12 months

Fasting plasma glucose 111.92 ± 13.74 112.78 ± 16.4 114.58 ± 17.66 0.0107 <0.001

Triglyceride 104.92 ± 20.92 110.82 ± 18.58 123.57 ± 17.69 <0.001 <0.001

High-density lipoprotein 47.78 ± 9.54 50.25 ± 8.99 51.09 ± 8.18 <0.001 <0.001

Waist circumference 90.37 ± 13.3 91.04 ± 13.25 91.41 ± 13.67 <0.001 <0.001

Systolic blood pressure 126.35 ± 15.38 127.52 ± 12.80 127.23 ± 12.15 0.098 0.252

Diastolic blood pressure 82.21 ± 9.47 83.18 ± 8.41 81.31 ± 8.07 0.029 0.055
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in patients on ADT compared to 87.5 events for no ADT 
patients.15 In their study, Lage et al showed that the esti-
mated relative risk of incident diabetes associated with the 
receipt of ADT was 1.36.16 Basaria et al also showed that 
men on ADT had significantly higher levels of fasting serum 
glucose compared with men not on ADT. In their study, 
44% of ADT patients had glucose levels in the diabetic 
range and the duration of ADT was directly related to the 
severity of these metabolic abnormalities.17 Alibhai et al, 
in an age-matched cohort study, showed that men on ADT 
who were followed for an average of 6.47 years had an 
increased risk of diabetes compared with men who did not 
receive ADT.18 A recent study on Chinese patients who were 
given ADT showed a higher risk of diabetes mellitus (hazard 
ratio 4.39).19 In the Barga-Basiria study, hyperglycemia and 
abdominal obesity were the major determinants of the higher 
prevalence of metabolic syndrome in this group, leading 
to the conclusion that hyperinsulinemia in these patients 
was associated with increase in fat mass.11 On the other 
hand, some short-term studies have shown different results. 
Smith et al, in a short-term prospective study of 22 men 
with PCa undergoing ADT, showed a significant increase 
in insulin levels after three months of treatment compared 
with baseline; however, there was no significant change in 
plasma glucose levels.20 In their study, Dockery et al showed 
that ADT for three months resulted in a 63% increase in 
fasting insulin levels without any changes in fasting glu-
cose.21 A study done by Nishiyama et al evaluated 49 men 
with PCa undergoing ADT for six months showed a mild 
increase in fasting blood glucose (from 103–106 mg/dl), but 
the levels remained below the diabetes range.22 In a recent 
study, Davis et al retrospectively reviewed the charts of 100 
consecutive men with intermediate or high-risk localized 
PCa referred to the British Columbia Cancer Agency for 
ADT; baseline diabetes or impaired glucose tolerance was 
24%, but in study cohort, they had a similar prevalence 
(odds ratio 0.93; p =0.8).23 According to the various studies 
mentioned above, the effect of ADT on plasma glucose is 
different in short- and long-term followup. These studies 
suggest an increased level of insulin develops within a few 
months of starting ADT and prevents the development of 
hyperglycemia. The etiology of this hyperinsulinemia is not 
clearly defined. There is some evidence that testosterone 
can modulate hepatic and lipoprotein lipases in visceral adi-
pose tissue, which consequently affects insulin clearance.24 
However, it seems that in the long-term, male hypogonadism 
is associated with a decrease in lean body mass (LBM) and 
an increase in fat mass, which results in elevated levels of 
adiponektines, which in turn, are responsible for causing 
insulin resistance.25 In our study, the change of fasting blood 
glucose was not significantly different in the first six months, 
but after 12 months it was significantly higher. Our results 
showed that in short-term treatment with intermittent ADT 

there is no difference in fasting blood glucose, which is in 
agreement with other short-term studies. However, in long-
term followup, there is significant hyperglycemia. 

ADT and hyperlipidemia

In their study, Davis et al stated that baseline dyslipidemia 
was present in 51% patients receiving ADT.23 In a study by 
Bo et al, after three months, ADT group had increased levels 
of low-density lipoprotein (LDL) compared to the control 
groups. After 12 months, ADT group had increased levels of 
waist circumference, total cholesterol, HDL, and LDL com-
pared to the other two groups.26 Dockery et al, in their study, 
showed that continuous ADT for three months resulted in 
increased levels of cholesterol and HDL, but no significant 
change occurred in LDL or triglyceride levels.21 In their 
study, Eri et al evaluated the impact of the luteinizing hor-
mone-releasing hormone (LHRH) agonist leuprolide on 26 
patients with benign prostatic hyperplasia (BPH) and showed 
that the mean total cholesterol level increased by 10.6%, 
HDL cholesterol by 8.2%, and triglycerides by 26.9%, but 
LDL levels were unchanged.27 Smith et al in their study on 26 
men treated with leuprolide for 12 months showed the same 
increase in HDL levels.28 In our study, the mean amount of 
trigycerides in patients significantly increased after both six 
and 12 months. Also, the mean amounts of HDL cholesterol 
and the mean waist circumferences significantly increased 
after the same periods. Hyperinsulinemia might have been 
expected to cause a decrease in HDL levels, therefore, some 
other non-investigated factors may be involved in the com-
plex relationship between androgens and metabolic factors. 
Maybe an increase in adiponektin levels due to an increase 
in fat mass in these patients contributed to high levels of 
cholesterol (especially HDL).

ADT and hypertension

The role of androgens in cardiovascular disease (CVD) in 
men has long been debated. Previous studies mainly evalu-
ated the relationship between ADT and CVD, but few of 
them focused on the changes in blood pressure and arterial 
compliance. Some epidemiologic studies have shown that 
low testosterone levels in men are independently associ-
ated with hypertension. A recent study in patients with PCa 
undergoing short-term ADT showed a significant decrease 
in systemic arterial compliance.21 On the other hand, Smith 
et al showed no significant change in blood pressure after 
12 months treatment with leuprolide.28 Davis et al showed 
that hypertension was more prevalent in ADT patients than 
in an age- and sex-matched population sample (odds ratio 
1.74; p=0.006).23

Previous studies have shown that approximately half of 
men with PCa die of non-cancer-related causes, and the 
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most common etiology is CVD.11 Keating et al showed an 
association between ADT and CVD (adjusted hazard ratio 
1.16), myocardial infarction (hazard ratio 1.11), and sud-
den cardiac death or life-threatening ventricular arrhythmia 
(hazard ratio 1.16).29 Another study by Tsai et al also showed 
that men receiving ADT were 2.6 times more likely to die 
of CV events than non-ADT controls. They found that men 
who received ADT had a 20% higher risk of serious CV 
morbidity than similar men who did not.30 Although these 
studies showed a relationship between ADT and increased 
risk of CVD, some other studies have not confirmed this 
association. Alibhai et al, in a cohort study of nearly 20 000 
ADT users who were observed for a mean of 6.47 years, 
showed an increased risk of diabetes, but there was no such 
association with incidence of acute myocardial infarction.18 
An analysis from the Radiation Therapy Oncology Group 
showed similar results. The study found that long-term ADT 
does not increase CV mortality in men with locally advanced 
PCa.31 A recent, large study assessing the impact of ADT on 
CVD mortality in men undergoing curative-intent external 
beam radiation therapy confirmed these findings. Among 
these men, the cumulative CV mortality at seven years was 
2.6% for men not undergoing ADT, 2.1% for men with six 
months ADT, and 1.4% for men undergoing ADT for six 
months.32 Punnen et al also analyzed a total of 7248 men to 
assess the relationship between ADT and CV mortality and 
found that there was no significant difference in CV mortality 
among men who did vs. those who did not receive ADT.33

Although the relationship between ADT and CVD is con-
troversial, many authors have shown that the profound hypo-
gonadism in patients undergoing ADT may be responsible 
for high CV mortality. Low testosterone levels are a risk fac-
tor for metabolic syndrome and metabolic syndrome is also a 
known cause of increased CV mortality. Men with metabolic 
syndrome are three times more likely to die of coronary heart 
disease and other CVD.11Still, some have voiced  concerned 
that unmeasured factors maybe confounding the relation-
ship between ADT use and CV mortality.33 In our study, the 
changes in mean systolic blood pressures of the patients 
were not significantly different after six and 12 months. On 
the other hand, the changes in mean diastolic blood pres-
sures of the patients were significantly different after six 
months, but not after 12 months. According to CV changes, 
it would appear intermittent ADT is safer than continuous 
ADT. Long-term studies are needed to document the effect 
of intermittent ADT on morbidity and mortality due to CVD. 

To our knowledge, this study is the first study that evalu-
ates the metabolic syndrome in patients receiving intermit-
tent type of ADT. The major limitation of our study is that it 
was an observational study, so we recommend a long-term, 
prospective study with a larger sample size. 

Conclusion

Our study showed that although there was an increased 
risk of metabolic syndrome in patients receiving intermittent 
ADT, this increase was lower than other studies that treated 
the same patients with continuous ADT. We concluded that 
the risk of metabolic syndrome in intermittent ADT is lower 
than that with continuous treatment. Further, patients on 
ADT had significantly higher overall prevalence of hyper-
glycemia, abdominal obesity, and hypertriglyceridemia, but 
blood pressure did not change in the 12-month follow up 
(except for diastolic blood pressure after six months). We 
therefore further concluded that intermittent ADT has less 
metabolic complications than continuous ADT and could 
be used as a safe alternative in patients with advanced and 
metastatic PCa.
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