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Is central obesity, hyperinsulinemia and dyslipidemia 
associated with high-grade prostate cancer?  
A descriptive cross-sectional study

Pawni Prabhat, Reshu Tewari, S. M. Natu, D. Dalela1, A. Goel1, P. Tandon, M. M. Goel, 
K. Singh
Departments of Pathology and 1Urology, CSM Medical University (KGMC), Lucknow, Uttar Pradesh, India

ABSTRACT
Aim: The association of central obesity, hyperinsulinemia, and dyslipidemia with higher grade advanced prostate cancer 
as determined by Gleason grading is not well understood. We evaluated the effect of central obesity waist hip ratio (WHR 
≥ 0.9) and biochemical parameters associated with central obesity on Gleason grading in North Indian patients of prostate 
cancer presenting at advanced stages. 
Materials and Methods: A cross-sectional study was conducted among 50 nondiabetic patients having clinical stages III and 
IV prostate cancer. Gleason grading on core biopsy samples by histopathology was done and patients were divided in two 
groups—group1, Gleason score ≥8; group 2, Gleason score <8. WHR along with serum levels of prostate-specific antigen 
(PSA), testosterone, insulin, and lipid profile was done in each patient. 
Results: The two groups are similar in Age (67.54 years); range (50–80 years). Group 1 men had statistically higher mean 
WHR (0.96 vs 0.90; P ≤ 0.001), higher mean triglyceride level (201.34 vs 150.52 mg/dL; P=0.0006), higher mean very low-
density lipoprotein (VLDL) (40.27 vs 30.10 mg/dL; P =0.0006), higher mean insulin (19.49 vs 15.04 µIU/mL; P = 0.0024), and 
lower mean high-density lipoprotein (HDL) levels (32.39 vs 36.82  mg/dL; P = 0.034) than men in group 2. Serum levels of 
cholesterol, LDL, and testosterone did not show statistically significant differences between the two groups. 
Conclusions: This pilot study involving small number of patients indicates that central obesity, dyslipidemia, and 
hyperinsulinemia could be associated with high-grade prostate cancer. 
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INTRODUCTION

The International Agency for Cancer Research (IARC) 
has shown a low incidence of prostate cancer in East 
Asian countries as compared to western counterparts[1] 
although its incidence in India is rising as well.[2] 

Comprehensive search for risk factors that contribute 

in the initiation and progression of prostate cancer remains 
a challenge. Emerging literature has implicated that central 
obesity, hyperinsulinemia , dyslipidemia, westernization, 
and changes in lifestyle may play  potential risk factors for 
progression of prostate cancer, although not yet clearly 
established. Central obesity is an excess accumulation of fat 
in the abdominal area and is associated with development 
of, glucose intolerance, high blood pressure, atherosclerosis, 
cardiovascular disease, insulin resistance, altered metabolic 
profile, metabolic syndrome, and obesity-related lipid 
disorders.[3] Central obesity is practically assuming epidemic 
proportions in Indian subcontinent with a study in urban 
metropolitan city of Chennai reporting a prevalence of 
35.1%.[4] Hsing et al. in their study of 238 cases of newly 
diagnosed prostate cancer and 471 healthy controls found 
that high levels of waist hip ratio (WHR) (a standard 
measure of abdominal obesity) related to excess risk for 
PCa.[5] Whereas there are other studies that showed no 
association.[6,7] Insulin has also been shown to play a role in 
the etiology of colon, prostate, pancreas, and breast cancer.[8] 
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Gleason grading is the most widely used grading method 
for prostate cancer with higher grades (8–10) predicting 
poorer outcomes in comparison to low or intermediate 
grade (2–7).[9] Some studies in western literature have 
shown an association of high-grade prostate cancer with 
central obesity, hyperinsulinemia, and dyslipidemia. As 
there could be different genetic and environmental factors 
affecting Indian males, we evaluated whether central obesity 
and obesity-related biochemical alterations in terms of 
hyperinsulinemia and dyslipidemia are associated with 
poorer presentation of prostate cancer in terms of high 
Gleason score.

MATERIALS AND METHODS

A cross-sectional study was conducted to test the association 
of central obesity, hyperinsulinemia, and dyslipidemia 
with histological Gleason grade in patients of prostate 
cancer. Between August 2008 and September 2009, 63 men 
diagnosed with prostate cancer were evaluated and the 
following assessments were done. 

Anthropometric assessment. WHR was calculated from waist 
circumference at umbilicus divided by hip circumference at 
greater trochanter and a cut off of 0.9 was taken to categorize 
central obesity.

Biochemical assessment. Serum samples of men with 
suspicion of prostate cancer on the basis of high prostate-
specific antigen (PSA) and/or abnormal DRE were 
withdrawn before biopsy between 8 a.m. and 11 a.m. 
Serum PSA, testosterone, and insulin levels were estimated 
using ELISA on the same day. Serum levels of high-density 
lipoprotein (HDL), triglycerides (TG), cholesterol, low-density 
lipoprotein (LDL), and very low density lipoprotein (VLDL) 
were measured by semiautomated instrument. 

Staging and grading. Standard staging procedures were 
followed and for histopathological evaluation of prostate 
cancer, Gleason grading was done on core biopsy tissue 
and on the basis of score the patients were divided in 
two groups—group1, Gleason score ≥ 8; group 2, Gleason 
score <8.

Exclusion criteria. Patients suffering from diabetes, chronic 
liver, kidney, heart disease, those taking lipid-lowering 
drugs or 5-alpha reductase inhibitors were excluded from 
the study leaving only 50 patients who were included. 

Software used for Statistics is Strata 10.1 (College Station, 
TX, USA), two-sample t test used, if data met normally 
assumption otherwise, Mann–Whitney U test is used. 
Normally all data tested by using Shapiro Wilk’s test. Data 
were presented as mean + SD, median (IQR), and P value. 
P value <0.05 was considered as significant.

RESULTS

The mean age of 50 patients was 67.54 years (range 50–80), 
mean PSA

(113.6 ng/mL) range (25–630 ng/mL). All the patients were 
in either stage III (n = 21) or stage IV (n = 29) disease. Group 
1 (Gleason score ≥ 8) had (n = 30) patients in comparison to 
(n = 20) in group 2.  

Group 1 patients had statistically higher mean [Table 2] 
WHR (0.96 vs 0.90; P ≤ 0.001), higher mean TG level 
(201.34 vs 150.52 mg/dL; P = 0.0006), higher mean VLDL 
(40.27 vs 30.10 mg/dL; P = 0.0006), higher mean insulin 
(19.49 vs 15.04 µIU/mL; P = 0.0024), and lower HDL levels 
(32.39 ± 36.82 mg/dL; P = 0.034) than patients in group 2. 
Serum levels of cholesterol, LDL, and testosterone did not 
show statistically significant differences between the two 
groups. Baseline parameters (age, PSA, and stage) are shown 
in Table 1. 

DISCUSSION

Obesity has long been associated with increased risk of 
prostate cancer, although studies have been inconsistent. [10- 12] 
Body mass index (BMI) may not fully reflect the disease-
related dimensions of obesity since it does not differentiate 
muscle mass from fat mass.[13] Central obesity, which is best 
diagnosed by measuring the WHR correlates much stronger 
with hormonal and metabolic alterations in comparison 
to BMI. In our study, high Gleason score was statistically 
associated with higher WHR raising the suspicion that 
central obesity may predispose to high-grade prostate cancer 
(P<0.001). Except for a few prospective studies,[12,13] there 
is less support for the hypothesis that central adiposity 
(measured as waist circumference or WHR) is a risk factor 
for prostate cancer.[10] There are data to suggest that waist 
circumference and/or WHR may predict health problems 
independently of BMI, as in diabetes mellitus[14] and 
cardiovascular disease.[15] Furthermore, there is accumulating 
evidence for a role of waist circumference[16,17] and WHR[18,19] 

Table 1: Baseline parameters (Age, PSA and Stage)
Baseline parameters Group 1 ≥8 Gleason Score Group 2 <8 Gleason Score P value
Stage III Age 68±5 67±9 0.69

PSA 44.5±8.4 56.28±5.12 0.0031
Stage IV Age 67±6 66±8 0.78

PSA 140±172.03 95±70.05 0.41
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in predicting mortality independently of BMI in men. 
In 1997, by analyzing about 135,000 men, Andersson et 
al. found that the risk of death from prostate cancer was 
statistically significant above the reference category in all 
BMI categories.[20]  In a Swedish study, WHR was associated 
with increased risk of prostate cancer, particularly before 
age 65 and independent of BMI.[21] A case-control study in 
China by Hsing et al. showed that higher WHR was related 
to increased risk of prostate cancer with men in higher 
quartile (WHR > 0.92) having an almost threefold elevated 
risk (OR , 2.71, 95% CI = 1.66–4.41, P = 0.001) compared 
with men in lowest quartile (WHR<0.86).[5] Rohrmann et 
al. in their study on men of less than 55 years found that 
risk of high-grade disease increased with increasing BMI 
(P = 0.02) indicating that BMI in younger men correlates 
with lean body mass rather than fatty mass, which increases 
with age.[22] Literature suggests that obesity lowers the risk 
of indolent, less aggressive tumors, whereas it increases 
the risk of aggressive cancer.[10,23] This was also supported 
by other studies although only to some extent.[24,25] Most of 
these studies have used BMI as a marker of general obesity. 
Keeping in mind that central obesity is more common in 
Indian subcontinent[26] and is associated with metabolic 
alterations in the body, we tried to evaluate its effect on 
Gleason score.

Central obesity is associated with insulin resistance, 
hyperinsulinemia, and dyslipidemia. In our study, high 
Gleason score was statistically associated with higher 
insulin levels (P = 0.027). Insulin is known to be a direct 
mitogen for in vitro prostate growth and is necessary for 

the growth of prostate cancer cells in culture.[27] A case-
control study in China[28] found a statistically significant 
positive association between fasting insulin and prostate 
cancer risk indicating that insulin could be a mediator 
that promotes prostate cancer development. Lehrer et al. 
showed higher insulin levels (P =  0.033) to be present in 
patients with high-risk prostate cancer, which was defined 
as Gleason score >7, tumor in seminal vesicle on biopsy, PSA 
>15, or stage T2c or T3.[29] It is known that prostate cancer 
cells migrate to adipocytes within red bone marrow where 
metastases are very common[30] and an experiment showed 
that attractiveness of human bone marrow to prostate cancer 
cells decreased when bone marrow stroma was depleted of 
lipid cells.[31] They are also known to take up lipid directly 
as a source of energy for the process of tumor maintenance, 
proliferation, and migration.[32] Platz et al. demonstrated 
lesser chances of advanced and metastatic prostate cancer 
(RR=0.51 CI 95% and RR 0.39 95% CI, respectively) and 
not decreased risk of overall prostate cancer in patients 
taking statins, which are lipid-lowering drugs. However no 
association was found between statin intake and Gleason 
grading.[33] Hammarsten et al. reported that prostate cancer 
patients with a higher grade tumor were more dyslipidemic, 
as shown by a higher TG level (P = 0.019) and a lower HDL-
cholesterol level (P = 0.005) and higher plasma insulin level 
(P = 0.019) than those with a lower grade tumor.[34] However 
no association was found in the levels of raised TG and low 
HDL on comparing high-grade to low-grade tumors on 
American prostate cancer patients.[35] Platz et al. reported 
that men with low cholesterol <200 mg/dL) had a lower 
risk of Gleason 8 to 10 prostate cancer [OR, 0.41; 95% CI, 

Table 2: The values of various parameters

Group 1, GS× ≥8 (n=30) Group 2, GS× <8 (n= 20) P value

WHR Mean + SD 0.96±0.03 0.90±0.02 <0.001*

Median, IQR 0.95, (0.94,0.97) 0.89 ,(0.88–0.89)

BMI Mean + SD 21.9±2.35 22.01, 2.25 0.86**

Median, IQR 22.25,(19.53–23.40) 22.30, (20.47– 23.40)

Triglyceride (mg/dL) Mean + SD 201.34.± 84.16 150.52± 63.68 0.0006*

Median, IQR 177.50,(157–210) 135.50, (120–157)

HDL (mg/dL) Mean ± SD 32.39 ± 6.69 36.82± 7.5 0.034**

Median, IQR 32,(27–36) 36, (33.50–41.50)

Cholesterol (mg/dL) Mean ± SD 143.49± 30.10 133.72±21.54 0.4698*

Median, IQR 131, (122.80–169.40) 134.20, (115.95–144.75)

VLDL (mg/dL) Mean ± SD 40.27±16.83 30.10±12.736 0.0006*

Median, IQR 35.50,(31.4–42) 27.10,(24–31.40)

LDL (mg/dL) Mean ± SD 70.83± 29.48 66.79 ± 25.228 0.8897*

Median, IQR 63,(49–83.58) 69,27.04(48.86–75.90)

Insulin (µIU/mL) Mean ± SD 19.49± 6.32 15.04 ± 7.35 0.0024*

Median, IQR 18, (15–8) 12.67,(11–16.30)

Total testosterone (ng/mL) Mean ± SD 5.149± 2.21 6.55± 3.056 0.065**

Median, IQR 5.11,(4.40–5.90) 6.45,(4.420–8.30)

IQR, inter quartile range. X, Gleason score. *Man–Whitney U Test, **two sample t test.
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0.22–0.77] than men with high cholesterol (≥ 200 mg/dL). [36] 
Our study has shown a significant relationship with high 
Gleason score and TG, VLDL, and low HDL levels; however 
no relation was found with cholesterol and LDL levels. 

Testosterone is a key prostate growth factor although 
prostate cancer presents at an age when testosterone 
levels are declining. It is known that aromatase present 
in adipose tissue leads to decreased testosterone levels 
due to peripheral conversion of testosterone to estradiol. 
Studies have suggested that testosterone may exert a 
differentiating effect on prostate cancer and decreased 

serum testosterone and increased estradiol levels may be 
associated with more advanced and poorly differentiated 
prostate cancer.[37,38] Lower testosterone levels may also be 
due to insulin resistance leading to decreased testosterone 
production by Leydig cells,[39] or due to negative feedback 
effect of inhibitory proteins present in patients with prostate 
cancer on hypothalamic-pituitary –gonadal axis.[40]  In our 
study, there was a trend of decreased testosterone levels 
in patients with high Gleason score, which however was 
not statistically significant (P = 0.065). To date, few studies 
have investigated the relationship between central obesity 
hyperinsulinemia and dyslipidemia with higher grade 
prostate cancer majority of which are in western literature. 
The genetic and environmental factors affecting men of 
Indian population cannot be ignored and there is always a 
possibility that factors that affect the western males might 
not be the same in India. Small sample size was a drawback 
in our study, also all our patients had advanced or metastatic 
prostate cancer on account of center bias as our center is 
located in a poor province. Similarly the lipid levels seen 
in our patients might not reflect that seen in the general 
population. 

CONCLUSION

Our study indicates that central obesity, dyslipidemia, and 
hyperinsulinemia independent of diabetes may be involved 
in higher grade prostate cancer and raises the potential that 
control of central obesity in these men or targeted treatment 
strategies may provide a means of reducing poor outcome 
in this high-risk group. Future studies with a larger sample 
size are needed to establish its association.
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