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Abstract 

Background:  Benign prostatic hyperplasia (BPH) is on the increase placing a substantial burden on health care sys-
tems. Recent studies have shown that men with high body mass index (BMI) and central obesity, as denoted by waist 
circumference (WC) have bigger prostate volumes (PV) with subsequent increase in lower urinary tract symptoms 
(LUTS) than men with normal BMI. The purpose of this research was to investigate the correlation between Obesity 
and PV in patients with BPH.

Methods:  The study included 178 men aged between 50 and 75 years with BPH seen at Charlotte Maxeke Johan-
nesburg academic hospital (CMJAH) Urology Outpatient Department between September 2018 and February 2019. 
Weight and height measurements were obtained to calculate BMI. Furthermore, WC was measured using a measuring 
tape, while a transrectal ultrasound (TRUS) was used to measure PV. Patient demographics, clinical characteristics such 
as hypertension, diabetes, smoking and prostate specific antigen (PSA) were also noted.

Results:  Patients in the study had a mean age of 64.87 ± 6.526 years and the mean BMI was 27.31 ± 3.933 kg/
m2. The mean PV of each BMI group were 52.92 ± 38.49, 61.00 ± 33.10 and 64.86 ± 37.46 cm3 for normal, over-
weight and obese groups, respectively, and the average PV score was 59.36 ± 36.507 cm3. The mean PSA score was 
4.30 ± 3.126 with a range of 1.3–6.4, while the mean WC was 98.67 cm. There was no correlation between BMI and 
PV (p value = 0.195) as well as between PV and WC, hypertension, diabetes or smoking. The results revealed that the 
relationship between PV with PSA level as well as age was significant (p value = 0.001, p value = 0.009, respectively).

Conclusion:  The results showed no correlation between BMI and PV. Diabetes and hypertension as well had no 
positive correlation with PV. A follow-up study may be indicated to look at the correlation between obesity, LUTS 
and urinary flow rates to establish whether aggressive management of obesity would have significant impact on the 
management of BPH.
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1 � Background
BPH is a common condition in older men with an 
extensive burden on the health care system. Up to 75% 
of men over the age of 60 are affected and health care 

expenditure is consumed on outpatient medication [1]. 
The prevalence of obesity also increases with age and 
prostatic growth may be accentuated with obesity [2].

There are many mechanisms that have been postulated 
by which obesity exacerbates BPH. Obesity increases 
intra-abdominal pressure, which raises intravesical 
pressure, in turn worsening or causing BPH symptoms 
such as hesitancy, poor urine stream and nocturia [3]. 
The inflammatory ensuing activity and oxidative stress 
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associated with obesity are other proposed mechanisms 
by which obesity worsens BPH.

Central obesity accentuates microvascular disease and 
inflammation, leading to ischemia and oxidative stress 
favourable to BPH [4]. Chronic inflammation causes the 
release of pro-growth cytokines and various other growth 
factors [5]. Another hypothesis is alteration of endocrine 
status, with raised estrogen to androgen ratio. Increased 
adipose tissue increases aromatase activity and the con-
version of androgen to estrogen. Increased estrogen by 
adipose tissue causes suppression of gonadotropins, 
leading to reduction in testosterone levels, a mechanism 
favoured in the development of BPH [6].

Although there are many criteria in classifying patient’s 
BMI and WC required to make the diagnosis of obe-
sity, literature has shown similar outcomes, that obesity 
increases the risk of BPH while worsening LUTS [7–12]. 
Even though it is easy to calculate, BMI has its draw-
backs, including its inability to differentiate between 
muscle and fat, especially in the elderly. Central obesity 
is shown to be more detrimental than general obesity and 
tends to correlate more with BPH than BMI due to its 
ability to accelerate hormonal and systemic changes that 
result in inflammation [5].

The Department of Urology at our institution treats a 
considerable number of patients with BPH both medi-
cally and surgically and the incidence is growing as the 
population ages. This continues to place a substantial 
burden on the health care system, in this otherwise man-
ageable condition if obesity is reduced. Recent literature 
has shown that the impact of obesity on prostate size may 
also make detection of prostate cancer difficult, lead-
ing to under-diagnosis of prostate cancer amongst men 
with obesity who have large prostate size [13]. In addi-
tion, declining PSA levels with rising BMI could affect 
early detection of prostate cancer since PSA is used as a 
screening tool and trigger point for prostate biopsy. This 
study aimed to understand the correlation between obe-
sity and prostatic enlargement and detect a potentially 
modifiable risk factor for LUTS that could contribute 
to the epidemiologic investigation of obesity and BPH. 
The correlation between obesity and PSA levels as well 
as PV with diabetes, hypertension and smoking was also 
investigated.

2 � Methods
The study was a prospective cohort analytical study. Eth-
ics approval to conduct the study was obtained from 
the Human Research Ethics Committee (HREC)  of the 
University of the Witwatersrand (ethics no: M180641). 
In total, 178 patients between the ages of 50 and 75 
seen consecutively at  CMJA urology outpatient depart-
ment between September 2018 and February 2019 were 

recruited following informed consent. The patients 
were divided into three subgroups according to their 
BMI (normal BMI 20–24.9  kg/m2, overweight BMI 
25–29.9 kg/m2 and Obese BMI > 30 kg/m2). Patients diag-
nosed with prostate cancer, on 5α-reductase inhibitors 
for the treatment of BPH, with previous prostate surgery 
or with of BMI < 20 kg/m2 were excluded from the study.

Measurement of body weight and height were done 
and BMI was derived by dividing weight in kilograms by 
height in meters. Waist circumferences were measured 
using a tape measure, while PV was measured using tran-
srectal ultrasound. In addition, patient age, clinical char-
acteristics such as hypertension, diabetes, smoking and 
PSA were also recorded.

2.1 � Statistical analysis
The results were summarised by percentages and fre-
quencies (categorical variables) and means, percentiles, 
or standard deviations (numerical variables). Associa-
tions between variables and outcome were investigated 
using contingency tables with relative risks and appro-
priate hypothesis testing. A one-way analysis of variance 
(ANOVA) was used to assess the relationship between 
BMI and PV. The relationship between variables was 
considered positive when the Pearson correlation (r) 
was greater than zero. A p value of < 0.05 was considered 
significant.

3 � Results
3.1 � Patients’ characteristics
The sample was made up of 178 men aged between 50 
and 75  years with BPH seen consecutively at CMJAH 
Urology Outpatient Department. Patients in the study 
had a mean age of 64.87 ± 6.526  years and the mean 
BMI was 27.31 ± 3.933  kg/m2 with the average PV 
score of 59.36 ± 36.507  ml. The mean PSA score was 
4.30 ± 3.126  ng/ml, while the mean WC was 98.67  cm. 
Baseline characteristics of the participants is shown in 
Table 1.

Table 1  Baseline characteristics of the subjects

Variable (n = 178) Minimum Maximum Mean ± SD

Age (years) 50 75 64.87 ± 6.526

PV (ml) 19 230 59.36 ± 36.507

PSA (ng/ml) 1.3 6.4 4.30 ± 3.126

BMI (kg/m2) 20 38 27.31 ± 3.933

WC (cm) 66 122 98.67 ± 11.506
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Of the 178 patients, 49% (n = 88/178) had hyperten-
sion, 29% (n = 51/178) had diabetes and 21% (n = 37/178) 
were smokers as shown in Fig. 1.

It was noted that 35% (n = 62/178) of the patients had a 
normal BMI, another 35% (n = 62/178) were overweight 
and 30% (n = 54/178) were obese indicating an approxi-
mate 1:1:1 ratio (Fig. 2).

3.2 � Relationships among variables
3.2.1 � BMI and prostate volume
The mean PV of each BMI group were 52.92 ± 38.49, 
61.00 ± 33.10 and 64.86 ± 37.46  cm3 for normal, over-
weight and obese groups, respectively, and the aver-
age PV score was 59.36 ± 36.507  cm3. Although the PV 

values were increasing with an increase in the BMI cat-
egory, these was not statistically significant (p = 0.195) (as 
shown in Table 2).

3.2.2 � Correlation between PV with WC, PSA and age
Correlation between PV and each of PSA, Age, and WC 
was conducted using Pearson correlation statistics for 
all 178 participants. Pearson’s correlation coefficient 
showed no correlation between PV and WC (r = 0.131, 
p value = 0.081 > 0.05). However, there was a posi-
tive correlation between PV and PSA level (r = 0.247, 
p value = 0.001) as well as PV and age (r = 0.195, p 
value = 0.009).

3.2.3 � Correlation between PV with hypertension, diabetes, 
and smoking independently

The relationship between PV and hypertension, diabe-
tes or smoking is shown in Table 3. The average PV val-
ues and p values are shown. There were no significant 
differences in PV in patients with or without hyperten-
sion, diabetes or those who were smokers versus non-
smokers (p > 0.05).
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Table 2  Descriptive statistics for PV (ml) for each BMI category

PV (g)

BMI Range N Mean ±  SD 95% CI for mean Minimum Maximum

Lower Bound Upper Bound

Normal 62 52.92 ± 38.49 43.15 62.69 20.0 205.0

Overweight 62 61.00 ± 33.10 52.60 69.40 19.0 193.0

Obese 54 64.86 ± 37.46 54.63 75.08 20.0 230.0

Total 178 59.36 ± 36.50 53.96 64.75 19.0 230.0

Table 3  Relationship between PV and hypertension, diabetes or 
smoking

Yes No Total p value

Hypertension

N(%) 88 (49.4%) 90 (50.6%) 178

PV (g) 
(Mean ± SD)

57.28 ± 33.474 61.39 ± 39.329 59.36 ± 36.507 0.454

Diabetes

N (%) 51 (28.7%) 127 (71.3%) 178

PV (g) 
(Mean ± SD)

60.28 ± 28.672 58.99 ± 39.313 59.36 ± 36.507 0.832

Smokers

N (%) 37 (20.8%) 141 (79.2%) 178

PV (g) 52.21 ± 26.089 61.23 ± 38.639 59.36 ± 36.507 0.182
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4 � Discussion
BPH is a prevalent condition with an estimated 90% of 
men in their 80 s demonstrating histologic evidence of 
the disease [14]. Previous studies have established a link 
between obesity and BPH [3, 7, 9, 15, 16]. Worldwide, 
obesity is on the rise even in countries with low socio-
economic index implying it is no longer a disease of the 
affluent [17, 18]. This necessitated further research into 
the effects of obesity on PV, PSA levels and LUTS. A 
recent systematic review re-affirmed the aggravating 
effects of obesity on BPH [15].

BMI and Central obesity, as determined by the WC, 
are modifiable risk factors to the development of pros-
tate disease—including BPH, prostatitis and prostate 
cancer [3, 10, 12, 19, 20]. Other studies have gone fur-
ther and demonstrated that central obesity was the 
most significant predictor of PV than overall obesity 
[15, 21]. Our data suggest that there is no correlation 
between WC and PV (r = 0.131, p = 0.081). This was 
also true for the effect of BMI on PV whereby; obese 
patients generally had larger PV but the results were 
not statistically significant (5% CI, p = 0.195).

Lee et  al. and Kim et  al. arrived at a similar conclu-
sion, that there was no link between BMI and prostate 
volume, leading to the conclusion that central obesity 
as denoted by WC > 90  cm rather than overall obe-
sity is a predictor of prostate growth and LUTS. These 
findings were a result of a multicentre, prospective, 
cross-sectional study at four urology centres in Korea 
from July 2007 to May 2008 recruiting 602 patients 
with BPH. Men with waist circumference > 90  cm had 
increased prostate volume; however, they had lower 
PSA values than men with WC < 90 cm [21, 22].

In contrast, Lee et  al. showed that prostate volume 
was bigger in obese and central obesity patients than in 
those with normal BMI. The authors analysed 146 men 
over the age of 40 and separated them into three groups 
according to their BMI and into two groups accord-
ing to their WC. Significantly increased prostate size 
was noticeable in the obesity group than in the normal 
group as well as in the central obesity group than in the 
group with normal waist size [7]. Similarly to this Mat-
suda et al. and Kim et al. showed a positive correlation 
between BMI and prostate size; however in both these 
studies there was a negative correlation between BMI 
and prostate specific antigen (PSA) levels, whereby men 
with high BMI had low PSA [8, 9].

The study showed that hypertension, diabetes and 
smoking were quite prevalent in our population. There 
was no statistically significant difference in PV between 
the hypertensive and the non-hypertensive (p = 0.454). 
Similarly to our study, Li-Peng showed no correlation 
between BPH and hypertension [11]. This is in contrast 

to the findings of a 2013 South Korean study in which 
men with hypertension had a higher International 
Prostate Symptom Score as well as larger PV putting 
them at an increased risk of LUTS compared to the 
non-hypertensive [23].

Our data showed diabetic patients had slightly higher 
mean PV. However, the results were not statistically sig-
nificant at 5% CI (p = 0.832). This finding differs with 
Ahmed Elabbady’s study findings in which diabetes was 
significantly associated with lower serum PSA and tes-
tosterone, but larger PV [24]. We did not include the 
correlation with ethnicity and testosterone levels as an 
endpoint in our study, which could explain the findings in 
Elabbady’s study.

Smoking is a known trigger of prostate inflammation—
a mechanism contributing to BPH [25]. However, previ-
ous studies have shown conflicting results on the effects 
of smoking on PV [23, 26]. This study demonstrated that 
smoking had no statistically significant effect on PV (5% 
CI, p = 0182) despite smokers having minimally larger 
prostates than non-smokers. This was corroborated by a 
study done by Platz et al. which showed that smoking had 
no correlation with PV, and that it may in fact reduce PV, 
thus protecting against BPH [27].

The current evidence trends towards the level of both 
total and free PSA being directly proportional to PV 
[28–31]. This study confirms this relationship as our data 
showed a direct correlation between the level of PSA 
and PV (r = 0.247, p = 0001). Our findings further sug-
gest that increasing age was associated with increased PV 
(r = 0.195, p = 0.009) which was in keeping with evidence 
from previous studies [29]. However, not all previous 
studies agree with these findings. Stacy Loeb et. al., found 
that PV was highly variable in men with BPH and a good 
number of aging men had stable or decreasing prostate 
size [32].

Currently, the medical management of BPH related 
LUTS is hugely reliant on the prostatic smooth muscle 
relaxation effects of alpha-adrenergic receptor blockers 
[17, 33]. This has led to a hunt for alternate therapies that 
may aid LUTS improvement. With the previously estab-
lished link between obesity and BPH, there have been 
proposals to promote and incorporate lifestyle modifica-
tions and appropriate medical management as an adjunct 
to diseases prevention, diagnosis and therapy [15, 17, 33].

The findings of this study suggest that the routine/
aggressive medical management of obesity would be of 
little to no benefit with regard to BPH/LUTS as there was 
no correlation between PV and any of hypertension, dia-
betes, BMI, and WC. This is supported by another study 
which showed that modest weight loss might not prevent 
the onset or progression of LUTS [34].
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4.1 � Study limitations
Like many other previous studies, some limitations of 
this study were a small sample size as well as the fact that 
it was a single centre study. Larger multicentre studies are 
required to establish the true effects of obesity on BPH as 
related to PV and LUTS.

5 � Conclusion
The urology department treats a significant number 
of patients with BPH annually. Obesity has been cited 
as one of the risk factors for the development of BPH/ 
LUTS. In our study, there was no correlation between 
PV and BMI. It must be noted though that the volume of 
the prostate does not always correlate with the severity of 
LUTS. Obesity has the potential to increase intra-abdom-
inal pressure and intravesical pressure, in turn worsening 
BPH symptoms independent of the PV [3]. A follow-up 
study is warranted to look at the correlation between 
obesity and LUTS and urinary flow rates and to establish 
whether aggressive management of obesity would have 
significant impact on the management of BPH.
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