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Abstract

Purpose Hypertension, hyperglycemia, and overweight
are considered associated with the development and prog-
nosis of prostate cancer (PCa). This study is aimed at
investigating the association between pre-existing hyper-
tension, hyperglycemia, and overweight and the overall
survival (OS) of PCa patients receiving androgen depri-
vation therapy (ADT).

Methods We studied the clinical data of 323 patients of
PCa receiving ADT in our hospital from January 2003 to
August 2012 aged 50-91. The association between OS and
hypertension, hyperglycemia, or overweight, both sepa-
rately and together, was analyzed via Kaplan—Meier
method. The distributions of clinicopathological features
among groups were evaluated using Fisher’s exact or chi-
square test.

Results 23 men (7.12 %) were lost to follow-up during
this study. During a median follow-up for 43 months
(range 3-119 months), 122 deaths (40.67 %) were con-
firmed. The five-year OS rate of men with both hyperten-
sion and overweight (28.57 %) was significantly lower
than that of control group (48.33 %, P = 0.024). It was
also moderately lower than that of men just with hyper-
tension (50.00 %, P = 0.095) or overweight (55.56 %,
P = 0.088). Men with both hyperglycemia and overweight
had significantly shorter survival time than control group
(P = 0.037). The distributions of clinical information were
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similar among all the groups except that overweight
patients had a lower proportion of PSA level over 20 ng/
mL (65.38 %) than control group (84.95 %, P = 0.026).
Conclusions Pre-existing hypertension, hyperglycemia,
and overweight were associated with poor prognosis of
PCa patients. Men with both hypertension and overweight,
or with both hyperglycemia and overweight had signifi-
cantly shorter survival time.

Keywords Hypertension - Hyperglycemia - Overweight -
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Introduction

Prostate cancer (PCa) is one of the most frequently diag-
nosed malignant tumors among men worldwide (Siegel
et al. 2012). The American Cancer Society estimates that in
2011, 240,890 men were diagnosed with PCa and 33,720
men died of it in United States (Brawley 2012). Because of
westernization in life style and dietary habits, the preva-
lence of PCa has been increasing in China and it has
become a major public health problem (Gu 2003). The
prevalence of metabolic diseases, like hypertension, dia-
betes mellitus, and obesity, are also increasing in China
(Lao et al. 2012; Yang et al. 2010; Wang et al. 2007). Some
studies suggested that hypertension, hyperglycemia, and
overweight were associated with an elevated risk and the
developing of PCa (Fitzpatrick et al. 2001; Lee et al. 2012;
Beebe-Dimmer et al. 2007). Besides, obesity and diabetes
mellitus were reported to increase the overall mortality of
PCa individually (Efstathiou et al. 2007; Smith et al. 2008).
Thus, hypertension, hyperglycemia, or overweight might
be closely associated with PCa, acting as not only a risk
factor, but also a negative prognostic factor.
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Early detection of PCa is limited in China since pros-
tate-specific antigen (PSA) screening is not commonly
practiced, resulting in that a large portion of patients are
found with relatively high-grade or advanced-stage PCa
upon diagnosis. Allowing for the fact that a large portion of
these patients are beyond the indication of radical prosta-
tectomy, androgen deprivation therapy (ADT) is more
commonly practiced in China than that in western countries
among patients suffering from locally advanced or meta-
static PCa. ADT is effective at suppressing PSA produc-
tion, stabilizing disease, alleviating symptoms, and
potentially prolonging survival. However, previous studies
indicated that ADT would contribute to metabolic disorder,
like hypertension, hyperglycemia, and overweight, which
make the overall survival (OS) of ADT patients equal to
those without ADT (Braga-Basaria et al. 2006; Saylor and
Smith 2009). This unpleasant fact brought us in a dilemma
that patients would have a decreased risk of dying from
PCa after ADT, while they would have an elevated risk of
dying from hypertension, hyperglycemia, or overweight.
However, it is unclear about the association between OS
and pre-existing hypertension, hyperglycemia, or over-
weight, both separately and together, among PCa patients
receiving ADT.

The objective of this study was to investigate the asso-
ciation between OS and pre-existing hypertension, hyper-
glycemia, and overweight, both separately and together,
among PCa patients receiving ADT.

Materials and methods
Study population

We thoroughly studied the 393 patients of PCa receiving
ADT at the Department of Urology of Huashan Hospital,
Fudan University, Shanghai, PR China, from January 2003
to August 2012. All cases were diagnosed with PCa
through needle biopsy (ultrasound-guided transperineal
needle biopsy of prostate, 10-core biopsy). A total of 323
patients with integrated clinical information, such as serum
PSA level, Gleason score, imaging data of ultrasonogra-
phy, computed tomography (CT) or magnetic resonance
imaging (MRI), and bone scan with emission computed
tomography (ECT), were included in this study. All sub-
jects were ethnic Han Chinese and permanent residents of
Shanghai, Southern China. Each subject was informed
about the aims and requirements of this study, and
informed consent for participation was obtained in accor-
dance with institutional guidance at Huashan Hospital,
Fudan University. A structured questionnaire was com-
pleted by interviewers, in order to collect information on
clinical data. Two independent pathologists blindly
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determined pathological grading of biopsied specimens
simultaneously, and a consensus grading was reached for
each score.

Clinical measurements

Clinical information of patients, such as height, weight,
blood pressure, fasting serum plasma glucose, history of
hypertension, and diabetes mellitus, were collected on
admission. The most recent serum PSA levels were selec-
ted in analysis. Hyperglycemia is defined as elevated
fasting plasma glucose level (>5.6 mmol/L) or pharma-
cological treatment for type 2 diabetes mellitus. Hyper-
tension is defined as elevated blood pressure (>130/
85 mmHg) or pharmacological treatment for hypertension.
And men with BMI > 25 kg/m2 are considered over-
weight, based on the definition established by the World
Health Organization (WHO). Pathological profiles were
classified according to the American Joint Committee on
Cancer (AJCC 2009). The definition of organ-confined PCa
is based on pathology of clinical tumor staging of T1 or T2
without nodal involvement or metastatic disease, while
advanced-stage PCa is based on pathology of clinical
tumor staging of locally to regionally advanced tumor (T3
or T4), nodal involvement, or metastatic disease.

Follow-up data collection

Follow-up started on the day of ADT and concluded on the
date of death or the date of last follow-up for patients still
alive. Patients were generally contacted by phone every
three months. All deaths were confirmed using both the
Shanghai Medical Insurance System and information from
Centers for Disease Control (CDC).

Statistical analysis

Patients’ age and BMI were expressed as mean £+ SD, and
two-way analysis of variance was used for comparison
among all the groups for parametric analysis. The differ-
ences in the distributions of clinicopathological features
(disease grade stratified as poorly differentiated (Glea-
son > 7), moderately differentiated (Gleason = 7), and
well differentiated (Gleason < 7); PSA level stratified as
low group (<20 or <50 ng/mL) and high group (>20 or
>50 ng/mL); clinical stage stratified according to AJCC
TNM system) among different groups were evaluated using
Fisher’s exact or chi-square nonparametric analysis. OS
was assessed with Kaplan—-Meier method and the results
compared with the logrank test. Statistical analyses were
processed using SPSS version 17.0 for Windows (SPSS
Inc., Chicago, IL, USA); P < 0.05 was considered statis-
tically significant.
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Results
Patient characteristics

Among the 323 eligible subjects, 23 men (7.12 %) were
lost to follow-up. Table 1 presents the basic information of
all the 300 men included in our study. The average age was
73.5 £ 7.7 on admission. Patients’ Gleason score ranged
from 4 to 10 (median 7). Each patient had at least one of
the three prostate imaging records of ultrasonography
(n =268, 89.33 %), MRI (n =179, 26.33 %), or CT
(n = 41, 13.67 %). Besides, all the patients had detailed
records about ECT, PSA level, pathology from prostate
needle biopsy, Gleason score, and clinical stage informa-
tion. A total of 235 patients (78.33 %) had records about
prostate volume with an average of 51.0 £ 27.3 mL.

Control group was defined as men without hyperglyce-
mia, hypertension, or overweight (BMI > 25). Cases were
defined as men with hyperglycemia, hypertension, or
overweight. Figure 1 illustrates the distribution of all the
cases included. Eighty-four men (28.00 %) were identified
as overweight, 76 men (25.33 %) with hyperglycemia, and
152 men (50.67 %) with hypertension. Among them, 69
men (23.00 %) had two metabolic abnormalities (including
8 men (2.67 %) with both overweight and hyperglycemia,
32 men (10.67 %) with both overweight and hypertension,
and 29 men (9.67 %) with both hyperglycemia and
hypertension). Additionally, 18 men (6.00 %) had all the
three metabolic abnormalities.

PSA level, Gleason score and clinical stage
Table 2 shows patients’ information of PSA level, Gleason
score and clinical stage on admission. Among all the 300

patients, 239 men (79.67 %) had PSA levels of over 20 ng/

Table 1 Basic information in groups of hypertension, hyperglyce-
mia, or overweight

No. of Age BMI

patients  (years) (kg/mz)
Control 93 744 £ 77 205 =£26
Overweight 26 69.9 + 85 267+ 1.3
Hypertension 73 73.8 £77 219+25
Hyperglycemia 21 74 £56 21.0+2.1
Any one of the three factors 120 73 +£7.7 227 £ 3.1
Hyperglycemia and overweight 8 758 £46 272+ 1.7
Hypertension and overweight 32 72.1 £ 82 268 1.7
Hyperglycemia and 29 743 £73 220+24

hypertension

Any two of the three factors 69 734 £75 248 £3.1
All the three factors 18 732 £83 276+ 1.8
Total 300 735£ 77 228 £35

Hyperglycemia
n=21 (7%)

Overweight
n=26 (8.7%)

a: Patients have both hypertension and overweight (BMI =225);

b: Patients have both hypertension and hyperglycemia;

c: Patients have both hyperglycemia and overweight (BMI 225);

d: Patients have hypertension, hyperglycemia and overweight (BMI 225).

Fig. 1 The distribution of cases with metabolic disorder

mL, and 172 men’s (57.33 %) PSA level exceeded 50 ng/
mL. Thirty-seven men (12.33 %) had a Gleason score of
2-6, 115 men (38.33 %) had a Gleason score of 7, and
nearly half (n = 148, 49.33 %) of all the patients had a
Gleason score of 8—10. A total of 214 men (71.33 %) were
identified as advanced stage based on pathology of clinical
tumor staging of locally to regionally advanced tumor (T3
or T4), nodal involvement, or metastatic disease. Signifi-
cant differences were rarely seen in different groups except
that overweight patients had a lower proportion of PSA
level over 20 ng/mL (65.38 %, P = 0.026) than controls
(84.95 %) and patients with both hypertension and over-
weight (87.50 %, P = 0.045).

Overall survival

Our follow-up rate was 92.88 % during the whole follow-up
with median of 43 months. A total of 122 men (40.67 %)
died during this study from PCa, heart attack, stroke, respi-
ratory failure, etc., including 32 men (10.67 %) in control
group, 9 (3.00 %) in overweight group, 30 (10.00 %) in
hypertension group, 9 (3.00 %) in hyperglycemia group, 16
(5.33 %) in hypertension and overweight group, 4 (1.33 %)
in hyperglycemia and overweight group, 13 (4.33 %) in
blood pressure abnormal and hyperglycemia group, and 9
(3.00 %) in all the three metabolic abnormalities group. As
presented in Table 3, the total one-year OS rate was esti-
mated at 96.80 % and the five-year OS rate was 47.17 %. No
statistically significant difference of one-year OS rate was
observed among different groups. However, the five-year
OS rate of men with both hypertension and overweight
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Table 3 Survival rate in groups of hypertension, hyperglycemia, or
overweight

One-year survival  Five-year survival

rate (%) rate (%)
Control 96.43 48.33
Overweight 96.00 55.56
Hypertension 97.01 50.00
Hyperglycemia 95.00 52.94
Any one of the three 96.43 51.72
factors
Hyperglycemia and 100.00 42.86
overweight
Hypertension and 96.88 28.57°
overweight
Hyperglycemia and 100.00 52.17
hypertension
Any two of the three 98.51 41.18
factors
All the three factors 94.44 35.71
Total 96.80 47.17

# P value of comparison between hypertension and overweight group
and control group was 0.037; P value of comparison between
hypertension and overweight group and overweight group was 0.088;
P value of comparison between hypertension and overweight group
and hypertension group was 0.095

(28.57 %) was significantly lower than that of control group
(48.33 %, P = 0.024). It was also moderately lower than
that of men just with hypertension (50.00 %, P = 0.095) or
overweight (55.56 %, P = 0.088).

Figure 2a illustrates the OS curves for all the groups.
Figure 2b illustrates the comparison of OS curves between
hyperglycemia and overweight group and control group.
Men with both hyperglycemia and overweight had signif-
icant shorter survival time than control group (P = 0.037).
Figure 2c illustrates the comparison of OS curves between
hyperglycemia and overweight group, hypertension and
overweight group, and hyperglycemia and hypertension
group. Men with both hyperglycemia and overweight had
significantly shorter survival time than men with both
hypertension and overweight (P = 0.009), or men with
hypertension and hyperglycemia (P = 0.001). There was
no significant difference among OS curves of all the three
metabolic abnormalities group and other groups.

Discussion

Development and prognosis of PCa is closely associated
with hypertension, hyperglycemia, or overweight. In our
research, we found that one-year OS after ADT was similar
among different groups. However, the five-year OS rate of
men with both hypertension and overweight (28.57 %) was
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significantly lower than that of control group (48.33 %,
P = 0.024). It was also moderately lower than men just
with hypertension (50.00 %, P = 0.095) or overweight
(55.56 %, P = 0.088) with limited significance. Though
pre-existing hypertension or overweight would not
decrease five-year OS rate of PCa men individually, the
combination of these two metabolic abnormalities was
negatively associated with patients’ prognosis. Due to our
limited population size, further study should be carried out.
In survival analysis, we found that men with both hyper-
glycemia and overweight had significantly shorter survival
time than control group (P = 0.037). What’s more, we
compared the OS curves of men with both hyperglycemia
and overweight and men with both hypertension and
overweight, or men with both hypertension and hypergly-
cemia. Interestingly, we found that the combination of
hyperglycemia and overweight was observed with the
shortest survival time (P =0.009 and P = 0.001
correspondingly).

It was noteworthy that we examined the association
between OS of PCa patients and pre-existing hypertension,
hyperglycemia, or overweight, both separately and toge-
ther. Several previous studies examined the association of
PCa mortality and overweight or diabetes mellitus indi-
vidually. Rodriguez et al. found that overweight (relative
risk (RR) 1.05, 95 % confidence interval (CI) 0.98-1.12),
especially obesity (RR 1.21, CI 1.07-1.37) was associated
with an increased PCa mortality (Rodriguez et al. 2001).
The study by Smith et al. found an increased mortality
among men with diabetes mellitus (hazard ratio: 1.77,
95 % CI 1.45-2.16). No studies examining the association
between hypertension and survival of PCa patients were
published before. There was an interesting finding in our
study that pre-existing hypertension, hyperglycemia, and
overweight had slightly longer survival time than that of
control group individually. Further study is needed to
investigate the association in larger scale.

Previous studies reported that patients after ADT were
expected to have a higher prevalence of metabolic disorder
(Braga-Basaria et al. 2006), which contribute to reduced
expected benefits of ADT. Also an elevated risk of coro-
nary heart disease, myocardial infarction, and life-threat-
ening ventricular arrhythmia was expected, a significant
increase in risk of sudden cardiac death and serious car-
diovascular morbidity was observed after ADT (Saigal
et al. 2007). Our findings suggested that pre-existing
hypertension, hyperglycemia, or overweight were also
significant risk factors for men’s prognosis after ADT,
which further confirmed the close association between
metabolic disorder and long-time survival of PCa patients
receiving ADT.

Clinical information of cancer grade and stage were
statistically non-significant among all the groups in our
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study. We found that men receiving ADT with pre-existing
hypertension, hyperglycemia, or overweight had similar
chances to develop aggressive PCa. However, several
studies reported that some metabolic abnormalities might
result in more aggressive PCa. Men with diabetes mellitus
might have had a significantly higher percentage of high-
grade tumors among patients undergoing biopsy (Moreira
et al. 2011) and radical prostatectomy (Abdollah et al.
2011). Men with higher BMI were also found less likely to
be diagnosed with localized or low-grade cancer, but were
more likely to be diagnosed with localized high-grade
disease or metastatic disease (Rodriguez et al. 2007
Wright et al. 2007; Gong et al. 2006). It was also confirmed
in the previous meta-analysis that the risk of developing
advanced PCa elevated with BMI (RR 1.12 per 5 kg/m?
increment, 95 % CI 1.01-1.23) (Maclnnis and English
2006). PCa is one of clinically low-aggressive tumors.
However, men having ADT usually had relatively high-
grade tumors, excluding a large portion of low-grade ones.
Different from these studies, men included in our study
were generally confined to just part of the whole popula-
tion, which were quite severer than those undergoing
prostate needle biopsy or radical prostatectomy, contrib-
uting to our statistically non-significant finding.

In the study, we found that overweight men (BMI > 25)
had a significantly lower proportion of PSA level over
20 ng/mL than control group (P = 0.026). Similar findings
were also reported in other studies (Baillargeon et al. 2005;
Barqawi et al. 2005) with unclear reason so far. One
potential reason is that less PSA production is due to lower
testosterone levels among men with higher BMI, since PSA
production is under direct testosterone control (Prins 2000).
Besides, men with higher BMI have greater plasma vol-
ume, which may result in hemodilution, thus lowering the
serum PSA levels (Banez et al. 2007). However, over-
weight men shared similar Gleason score or clinical stage
with controls. So merely relatively lower PSA levels did
not signify less aggressiveness, but might delay the
detection of PCa since it would make men with higher BMI
less likely to have an abnormal PSA test, and therefore, less
prostate needle biopsy would be performed.

In conclusion, we found that pre-existing hypertension,
hyperglycemia, or overweight would significantly affect
patients’ OS after ADT separately. But men with both
hypertension and overweight, or with both hyperglycemia
and overweight had significantly shorter survival time than
men without metabolic disorder.

There are two limitations of our study that should be
taken into consideration. First, the sample size of our study
is relatively small because of short follow-up period and
missing data of patients. Our findings should be further
discussed by multi-center study in large scale. Second, in
this study, we discovered the phenomenon that metabolic
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disorders, like overweight, hypertension, and hyperglyce-
mia were associated with poor overall survival of PCa
patients after ADT. Potential mechanisms need to be
uncovered and clarified. Further study should be carried out
to investigate whether better control of metabolic status, as
well as other medical therapies, will be helpful to the
overall survival need.
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