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Abstract: Prostate cancer and metabolic syndrome (MS) have high incidence rates in North America. Some in-
vestigators have suggested that features of metabolic syndrome may be predictive of prostate cancer risk or its 
aggressiveness. The purpose of this study was to determine whether MS, or any of the vascular comorbidities that 
constitute part of this syndrome, are associated with a high Gleason score in Mexican patients with prostate cancer. 
To do so, we analyzed the clinical and histologic data of 108 prostate cancer patients (31 with MS). The association 
of MS and each of its components (high fasting glucose, hypertension, hypertriglyceridemia, hypercholesterolemia 
or abdominal obesity) with the presence of a high-grade tumor at the time of diagnosis was evaluated. The results 
showed no association between prostate cancer aggressiveness and MS (OR 1; 95% CI 0.2-3.4; P=0.6 for Gleason 
scores ≥ 7), but there was an important association between high fasting glucose and elevated histologic aggres-
siveness (adjusted OR 6.4; 95% CI 1.1-38; P=0.04 for Gleason scores ≥ 7). In addition, plasma glucose levels were 
correlated with Gleason scores (correlation: 0.25; P=0.008). We concluded that hyperglycemia, but not metabolic 
syndrome, was associated with elevated histologic aggressiveness at the time of prostate cancer diagnosis in a 
Mexican population.

Keywords: Metabolic syndrome, hyperglycemia, Gleason score, prostate cancer

Introduction

Prostate acinar adenocarcinoma is the most 
frequent prostatic tumor (accounting for 95%) 
[1] and one of the most common cancers in 
elderly men [2]. Its incidence increases to 20% 
in men over 50 years of age, and to 70% in men 
between the ages of 70 and 80 years. However, 
most of these cases are diagnosed at autopsy 
studies and prostate cancer is not usually the 
cause of mortality [3]. Metabolic syndrome 
(MS) is common in countries with Western life-
styles and is characterized by the presence of 3 

or more vascular comorbidities. These include 
high Fasting Glucose (insulin resistance), hyper-
tension, hypertriglyceridemia, hypercholesterol-
emia, and abdominal obesity, all of which are 
risk factors for cardiovascular disease [4]. 
Urologic disorders related to MS are nephroli-
thiasis, benign prostatic hyperplasia, erectile 
dysfunction, and prostate cancer [5]. There is 
strong evidence that MS, the use of antihyper-
tensive drugs, and insulin resistance [6] have 
an influence on prostate cancer incidence [7]. 
Patients with clinically advanced prostate can-
cer have a higher prostate volume, a higher 
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prostate-specific antigen (PSA) level, a higher 
body mass index (BMI), greater dyslipidemia, 
and higher systemic blood pressure [8]. This 
generates the hypothesis that clinical prostate 
carcinoma is a component of MS [9]. In addi-
tion, there are studies that associate MS with 
an elevated histologic grade of prostatic carci-
noma in biopsy specimens [10-12]. Thus it has 
been proposed that patients with MS are at 
greater risk for death from cancer-related 
causes [12], although this is still a subject of 
debate [13]. Furthermore, it has not been 
determined if any of the components of MS has 
greater relevance in regard to its association 
with the degree of prostate cancer aggressive-
ness or whether the presence of MS (the pres-
ence of several vascular comorbidities) even 
has a role in tumor aggressiveness.

In Mexico, the prevalence of MS is estimated to 
be as high as 40% among adults and they have 
an increased susceptibility to this cluster of 
conditions, compared with other Latin American 
populations [14]. Given this augmented sus-
ceptibility to MS in the Mexican population, it 
was of interest to determine whether there was 
an association between MS and the degree of 
prostate adenocarcinoma aggressiveness (ba- 
sed on the Gleason score) in this population. 
This study also attempted to establish if any of 
the components of MS were more important 
than others for that association.

Materials and methods

Study population

We performed a case-control study on prostate 
cancer patients whose cases were selected 
and retrieved from the archives of the Pathology 
and Cytopathology Departments of the Hospital 
Universitario “Dr. José Eleuterio González” in 
Monterrey, Mexico. The study time frame was 
from January 2014 to December 2015. The 
participants were divided into two groups: the 
patients that presented MS and the patients 
that did not present MS. A physician diagnosed 
MS in accordance with the guidelines of the 
Third Report of the National Cholesterol 
Education Program (NCEP) Expert Panel on 
Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults “ATP III” (Adult 
Treatment Panel III) [15]. Many of the subjects 
were receiving multidisciplinary treatment from 
internal medicine, geriatrics, oncology, and 

urology and the diagnoses of type 2 diabetes 
mellitus (DM), hypertension, dyslipidemia, and 
obesity were confirmed by medical specialists 
from those departments. The inclusion criteria 
were patients with a histopathologic diagnosis 
of prostate cancer, a complete histopathologic 
report, availability of all tissue slides, and a 
complete clinical record. The clinical record 
was considered complete if it contained the MS 
variables evaluated in the study (for details see 
the section “MS-associated measurements”). 
There were no exclusion criteria. Patients from 
external services or without a clinical record in 
the University Hospital were eliminated from 
the protocol. The Health Research Ethics Board 
of the Medical School of the Universidad 
Autónoma de Nuevo León (AP 12-004) appro- 
ved this study and all participants signed a writ-
ten statement of informed consent.

MS-associated measurements

Age, BMI, and waist circumference were deter-
mined for all participants at the time the pros-
tate cancer diagnosis was confirmed and 
before any therapeutic intervention related to 
this diagnosis was carried out. To obtain the 
biochemical parameters, 5 mL of venous blood 
was collected after a 12 to 14-hour fast. Glu- 
cose levels, PSA, and lipid profile were exam-
ined in serum or plasma, depending on the kit 
used. Blood pressure measurements (systolic 
and diastolic) were retrieved from the clinical 
records.

Histopathologic analysis

Surgical specimens of prostate carcinoma 
obtained through transrectal core needle biop-
sy and transurethral resection were included in 
the study. All of the tissue specimens were fixed 
in 10% formaldehyde. The transurethral resec-
tions were processed under the following proto-
col: 10 g specimens or smaller were included in 
full training capsules for paraffin blocks; for 
heavier weight specimens, the first 10 g were 
included in 5 g capsules and an extra capsule 
of 5 g of tissue for each additional weight. The 
tissue specimens were then processed and 
embedded in paraffin to form blocks in each 
capsule. Histologic sections of 5 microns were 
prepared and stained with hematoxylin and 
eosin according to the standard staining tech-
nique. In each case, two pathologists perfor- 
med the histopathologic diagnosis indepen-
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dently, after which the histologic subtype of 
adenocarcinoma and the Gleason score were 
established. The Gleason score is a system 
used to measure the degree of aggressiveness 
of prostate adenocarcinoma in microscopic 
patterns, based on tumor tissue obtained from 
biopsy or organ resection [16]. The following 
three-tiered grading scheme for the tumors 
was used: Grade 1 for well-differentiated 
tumors or tumors with a Gleason score of 6 or 
less; Grade 2 for intermediate grade tumors or 
those with a Gleason score of 7; and Grade 3 
for poorly differentiated prostate tumors with a 
Gleason score of 8 to 10.

Data analysis

The comparative analysis of continuous clinical 
data between study groups was carried out 
using the Student’s t test for the numerical 
data with normal distribution and the Mann-
Whitney U test for the qualitative data or the 
numerical data that is not distributed normally. 
The categorical variables were compared using 
the Fisher’s exact test. The association between 
MS or any of its vascular comorbidities and the 
risk for high Gleason score pathology were esti-
mated by odds ratios (OR) and 95% confidence 
intervals (CI) (Crosstabs procedure). They were 
calculated through a Mantel-Haenszel analysis, 
controlling other risk factors. A Pearson prod-
uct-moment correlation test was done to evalu-
ate the correlation between pairs of clinical 

variables in the study groups. All statistical 
analyses were performed with SPSS version  
20 software (IBM, Armonk, New York, USA). P 
values < 0.05 were considered statistically 
significant.

Results

We identified 160 cases of prostate adenocar-
cinoma. Of those patients, only 108 fit the 
inclusion criteria and were considered for the 
study. Thirty-one subjects fulfilled the criteria 
for MS. Table 1 shows the general characteris-
tics of the study population. There were statisti-
cal differences between groups for the recog-
nized clinical variables associated with MS, 
such as blood pressure, glucose levels, BMI, 
cholesterol, triglycerides, and abdominal perim-
eter (P values < 0.001). All tumors evaluated in 
the study were histologically classified as aci-
nar adenocarcinomas, and given that 87% had 
Gleason scores ≥ 7, they were considered 
aggressive (Table 1). An association between 
prostate cancer aggressiveness and MS was 
not found (OR 1; 95% CI 0.2-3.4; P=0.6 for 
Gleason scores ≥ 7). Nevertheless, there was a 
clear association trend between a very high 
Gleason score (≥ 8) and MS, almost reaching 
statistical significance (OR 2.4; 95% CI 0.87-
6.5; P=0.06).

However, the histologic prostate cancer aggres-
siveness had a different association with each 

Table 1. General characteristics of the study population

Clinical findings
Prostate Cancer Patients1

P valueWith Metabolic Syndrome 
(n=31)

Without Metabolic Syndrome 
(n=77)

Age (years) 68.4 (± 10.4) 70.7 (± 9.0) 0.274
PSA (ng/ml) 77.1 (± 86.8) 113.9 (± 202.4) 0.87
Systolic Blood Pressure (mmHg) 137.6 (± 13.2) 121.2 (± 13.4) < 0.001*
Diastolic Blood Pressure (mmHg) 87.7 (± 9.2) 78.6 (± 16.2) < 0.001*
Glucose levels (mg/dl) 136.7 (± 33.8) 95.5 (± 16.2) < 0.001*
Body Mass Index (kg/m2) 29.7 (± 2.9) 23.2 (± 3.4) < 0.001*
Cholesterol (mg/dl) 219.6 (± 98.0) 138.2 (± 86.0) < 0.001*
Triglycerides (mg/dl) 248.3 (± 101.0) 145.9 (± 84.0) < 0.001*
Abdominal Perimeter (cm) 124.2 (± 28.1) 100.2 (± 16.5) < 0.001*
Invasion 67.7% 68.8% 0.54
Gleason Score ≥ 7 87.1% 87.0% 0.63
Gleason Score ≥ 8 80.6% 63.6% 0.06
1Data are shown as ± SD. *Statistical difference. PSA: prostate-specific antigen. The Student’s t test was used for all the analy-
ses, except those of invasion and Gleason Score (Fisher’s exact test).
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of the vascular comorbidities that makes up 
MS, as well as with the risk for developing pros-
tate cancer [17]. Table 2 shows the results of 
the association between histologic aggressive-
ness and the MS components. A crude OR anal-
ysis revealed the risk each metabolic alteration 
represented, regardless of whether any other 
comorbidities were present or not. In addition, 
an analysis was done to calculate the risk that 
each alteration represented exclusively, adjust-
ing the result for the rest of the comorbidities 
that make up MS (adjusted OR). Table 2 clearly 
shows that High Fasting Glucose had a 4 to 
6-fold higher risk for an elevated aggressive 
Gleason grade pathology. High blood pressure 
was another variable that increased the risk for 
having a Gleason score ≥ 8, although statistical 
significance was not reached when the analysis 
was adjusted to the rest of the MS alterations. 
In addition, the plasma glucose values were 
strongly correlated with Gleason score (correla-
tion: 0.25; P=0.008), but not with the systolic 
and diastolic blood pressure values (P=0.37 
and 0.29, respectively). Other variables associ-
ated with Gleason score were the presence of 
cancer invasion (correlation: 0.29; P=0.002) 
and PSA values (correlation: 0.46; P=0.000).

Discussion

The present study showed that only one of the 
comorbidities that make up MS (high fasting 
glucose) was associated with elevated Gleason 
score pathology in Mexican patients with pros-
tate cancer. MS demonstrated a trend (not sta-
tistically significant) to be associated with his-
tologic tumor aggressiveness. However, not all 
of the components of MS exerted the same 
influence and therefore their individual analysis 
was more adequate. High plasma glucose val-
ues greatly increased the risk for presenting 
with high-grade prostate cancer, regardless of 
the presence or not of other MS components. 

This result was concordant with the statisticial-
ly significant correlation between glycemia val-
ues and Gleason score at the time of diag- 
nosis.

In addition, the elevated blood pressure values 
were associated to a lesser degree with histo-
logic aggressiveness, albeit this result was only 
significant when the analysis was not adjusted 
to the other MS alterations. Sixty-four percent 
of the patients with high blood pressure figures 
also had elevated blood glucose levels. It can 
therefore be assumed that the association 
between hypertension and a high degree of his-
tologic aggressiveness may be the product of 
an elevated concordance with hyperglycemia. A 
study with a larger number of cases is needed 
to confirm this.

It has previously been proposed that MS is 
associated with an increased risk for prostate 
cancer, with a high Gleason score or advanced 
clinical stage, with biochemical recurrence 
after primary treatment, and with prostate can-
cer-specific mortality. In our study, we found 
that only hyperglycemia was associated with a 
high Gleason score, but not MS, differing from 
results described before [12]. For these rea-
sons, it would be interesting for future studies 
to analyze whether the previously reported 
associations between MS and prostate cancer 
are due to the syndrome or simply to the 
hyperglycemia.

Our study results are congruent with prior 
reports showing that diabetes mellitus (DM) 
(type 1 or 2) or elevated glycosylated hemoglo-
bin values are associated with high-grade pros-
tate cancer [18-21]. The link between hypergly-
cemia or type 2 DM and prostate cancer is 
strongly associated with insulin resistance, 
hyperinsulinemia, reduced levels of IGFBP 
(insulin-like growth factor binding proteins), 

Table 2. Analysis of the association between the components of metabolic syndrome (MS) and a high 
degree of histologicaggressiveness in prostate cancer. 
MS Components OR for Gleason score ≥ 7* OR for Gleason score ≥ 8*

Crude (95% CI) P Adjusted (95% CI) P Crude (95% CI) P Adjusted (95% CI) P
Abdominal obesity 1.5 (0.4-4.7) 0.33 2.0 (0.4-9.0) 0.32 1.8 (0.8-4.2) 0.09 1.6 (0.6-4.5) 0.30
Hyperlipidemia 0.7 (0.1-4.0) 0.52 0.7 (0.1-4.4) 0.71 1.6 (0.4-6.2) 0.36 0.8 (0.2-3.9) 0.84
HBP 1.2 (0.4-4.1) 0.45 1.6 (0.3-8.3) 0.52 2.5 (1.02-6.0) 0.03 2.3 (0.7-7.2) 0.14
HFG 4.2 (0.9-20) 0.04 6.4 (1.1-38) 0.04 4.2 (1.5-11.3) 0.002 3.8 (1.2-11.7) 0.01
HBP: High Blood Pressure; HFG: High Fasting Glucose; *Analysis comparing presence vs. absence. The results were adjusted for the rest of the MS 
components.
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increased bioavailability of IGF-1 (insulin-like 
growth factor-1), steroid and peptide hormones, 
inflammation, and oxidative stress [22-26]. 
Previous studies have demonstrated that treat-
ment with anti-inflammatory agents can cause 
histologic changes consistent with reduced 
prostate cancer aggressiveness in animal mod-
els [27, 28]. Thus it can be assumed that the 
chronic inflammation associated with DM may 
also contribute to the development of prostate 
cancers with high degrees of aggressiveness. 
On the other hand, good DM control improves 
the outcome of this neoplasia [29]. All of this 
illustrates the strong relation between hyper-
glycemia and the clinical behavior of prostate 
cancer.

It is important to point out that the present 
study does not evaluate the risk for presenting 
with prostate cancer. Our results are limited to 
determining the risk for aggressive histology in 
patients that already have this neoplasia. 
Another important aspect of the study is the 
characteristic high susceptibility for MS found 
in the Mexican population, which is estimated 
to present in up to 40% of adults. Moreover, the 
control of metabolic alterations is generally 
inadequate and an estimated 6 to 20% of 
patients reach the required goals for good con-
trol [30, 31]. In addition, the diagnosis of pros-
tate cancer in the patients of our study was 
made when they already presented with dis-
ease invasion (68%) and with a mean PSA value 
of 105 ng/ml (range of 3.3-985) (data not 
shown in the results). Briefly, the study popula-
tion was highly susceptible to MS, its control 
was generally poor, and the majority of prostate 
cancer diagnoses were made when the disease 
was in advanced stages. These characteristics 
must be taken into account when comparing 
our results with those of other populations.

In conclusion, hyperglycemia, but not metabol-
ic syndrome, was strongly associated with ele-
vated histologic aggressiveness at the time of 
prostate cancer diagnosis in a Mexican popula-
tion. Nevertheless, further studies on a larger 
number of patients and on different popula-
tions are needed to confirm these results.
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