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Abstract: 
Benign prostatic hyperplasia (BPH) is one of the most common urological conditions affecting aging males and is frequently 
associated with lower urinary tract symptoms that significantly impair quality of life. In recent years, increasing evidence has 
suggested a possible relationship between metabolic syndrome and the development and progression of BPH; however, the exact 
nature of this association remains unclear and requires further evaluation. This observational study of 112 BPH patients at a tertiary 
care center assessed the relationship between metabolic syndrome and prostate size, symptom severity and treatment outcomes over 
18 months. Metabolic syndrome was present in 44.6% of patients and was associated with greater age, higher annual prostate growth 
rate, elevated HbA1c and severe AUA symptom scores. Thus, data shows the metabolic factors may contribute to BPH progression 
and that early detection and control of metabolic syndrome could help slow disease advancement. 
 
Keywords: Benign prostatic hyperplasia (BPH), metabolic syndrome (MetS), prostate growth, AUA score, HbA1c, observational 
study 

 
Background: 

Benign prostatic hyperplasia is among the most frequently 
encountered non-malignant growth or enlargements of prostatic 
tissue. The disease is commonly observed in elderly men and its 
prevalence increase with advancing age [1, 2]. The prevalence 
has been documented to be as low as 8% during the fourth 
decade of life, which increases to 80 to 90% after 80 years of age 
[3]. Metabolic syndrome (MetS), also known as Syndrome X, is 
characterized by a cluster of interrelated metabolic risk factors 
including insulin resistance, central obesity, dyslipidemia and 
hypertension. It is recognized as a major risk factor for 
cardiovascular disease[4]. Various diagnostic criteria have been 
suggested for defining metabolic syndrome. These include 
World Health Organization (WHO 1999) [5], European Group 
for the Study of Insulin Resistance (EGIR 1999) [6], National 
Cholesterol Education Program Adult Treatment Panel (NTEP 
III 2005) [7], International Diabetes Federation (IDF 2005) [8]. 
Among these, NTEP III Criteria is most commonly used criteria 
for defining metabolic syndrome as it relies on routinely 
available clinical variables and encompasses key components of 
metabolic syndrome [9]. Recent literature on the benign prostatic 
hyperplasia (BPH) and bladder outflow obstruction (BOO) have 
suggested a link between the benign prostatic hyperplasia and 
metabolic syndrome. It has been found that metabolic syndrome 
may affect the natural course of benign prostatic hyperplasia as 
well as bladder outflow obstruction (BOO) [10]. The prostatic 
enlargement rate annually increased by 47% in presence of 
diabetes mellitus type II, 36% in presence of obesity, 31% in 
presence of dyslipidemia (specifically low HDL), 28% in cases 
with high fasting insulin levels (hyperinsulinemia) and 17% in 
cases with hypertension [11]. Recent evidence indicates that 
components of metabolic syndromes such as type 2 diabetes 
mellitus, obesity, dyslipidemia, hyperinsulinemia and 
hypertension are associated with increased prostate growth and 
progression of benign prostatic hyperplasia (BPH) [12]. 
Therefore, it is of interest to evaluate the association between 

metabolic syndrome and benign prostatic hyperplasia with 
respect to prostate size, symptom severity and clinical outcomes. 
 
Materials and Methods: 
Study design: 

The study was conducted using an observational design in a 
hospital-based setting. 
 

Study area: 
The study was conducted in the Department of General Surgery 
at L.N. Medical College and J.K. Hospital, Bhopal, Madhya 
Pradesh, India. 
 
Study population: 
The study population comprised patients presenting to the 
Surgery OPD with symptoms suggestive of benign prostatic 
hyperplasia. 
 
Study duration: 
This study was conducted over a period of 18 months (March 
2021–September 2022) 
 

Sample size: 
The present study was conducted on a total of 112patients with 
benign prostatic hypertrophy. The sample size was deemed 
adequate to detect statistically significant differences between 
study groups with acceptable power and precision. 
 
Sample technique: 
All eligible cases presenting during the study period were 
enrolled using a non-probability sampling technique. 
 
Ethical clearance:  
Ethical approval was obtained from the Institutional Ethics 
Committee IEC No. LNMC&RC/Dean/2021/Ethics/214 Dated 
18/02/2021.  
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Inclusion criteria: 

[1] Patient attending urology OPD with symptoms of enlarged 
prostate. 

[2] Patients with prostate size ≥ 20 grams. 
[3] Patients above 40 years. 
[4] Patients giving consent to participate in the study.  
 
Exclusion criteria: 

[1] Patients with secondary complications of benign prostatic 
hyperplasia including – Hydronephrosis, azotemia, 
hematuria and bladder stone.  

[2] Sign and symptoms of neurogenic bladder including low 
anal tone, paresthesia, low force or disorder in lower limb 
reflexes  

[3] Carcinoma prostate 
[4] Chronic use of anti-cholinergic, diuretics or psychotropic 

drugs  
[5] Urethral stricture  
[6] Post-operative case of transurethral resection of prostate 

(TURP)  
 
Consent: 
Informed written consent was obtained from all participants 
after explaining the study’s purpose and procedures in detail. 
They were assured of strict confidentiality and informed that 
their participation was entirely voluntary, with the freedom to 
withdraw from study at any point without any consequences. 
All data were used solely for research purposes. Detailed 
information on sociodemographic variables such as age, contact 
details, residence and socioeconomic status was collected using a 
structured proforma. The severity of benign prostatic 
hyperplasia (BPH) was assessed using the American Urological 
Association (AUA) symptom score [13]. The AUA score consists 
of seven questions evaluating urinary symptoms, including 
frequency, urinary stream, nocturia, hesitancy, incomplete 
emptying, intermittency and urgency. Each question is graded 
from 0 to 5 based upon symptom severity and thus the symptom 
score ranges from 0 to 35. Based upon the AUA symptom score, 
patients were classified into three categories: Mild 0-7, Moderate 
8-19, Severe 20–35.Height and weight of the patients was 
obtained and BMI was calculated using following formula BMI= 
weight (kg), Height (m2). All the patients were then subjected to 
general physical and systemic examination and findings were 
documented. Blood pressure was obtained in sitting position 
after patient was stabilized. Three blood pressure readings were 
obtained at 5-minute intervals and the average of these readings 
was considered for analysis. Hypertension was classified 
according to the criteria of the Seventh Report of the Joint 
National Committee (JNC 7) [14]. Digital rectal examination was 
done for assessing the size of prostate. Further, following lab 
investigations were done – FBS, RBS and HbA1C.In addition, a 
lipid profile was assessed. Ultrasonography of the kidney, ureter 
and bladder (USG KUB) with post-void residual urine (PVR) 
measurement was performed and the findings were recorded. 
 

Metabolic syndrome was diagnosed based upon following 
investigations 
[1] Fasting Blood Sugar/ Random Blood Sugar  
[2] Glycosylated Hemoglobin (HbA1C) 
[3] Lipid Profile 
[4] Hypertension/BP  
 
Statistical analysis: 
Data was compiled using MS Excel and analysis was done with 
the help of IBM SPSS software version 20. Multivariate analysis 
of several factors with annual P value of less than 0.05 was 
considered statistically significant. 
 
Results: 

The age-wise distribution of study participants shows that the 
majority of patients belonged to the older age groups. The 
highest proportion was observed in the 61–70 years category, 
accounting for 38 participants (33.9%), followed closely by those 
aged >70 years with 36 participants (32.1%) (Table 1). Among 
the 112 participants included in the study, metabolic syndrome 
was not present in the majority, accounting for 62 individuals 
(55.5%). In contrast, 50 participants (44.6%) were identified with 
metabolic syndrome. Although a slightly higher proportion of 
the study population was free from metabolic syndrome, the 
prevalence among half of the participants highlights its 
considerable burden in this group (Table 2). The comparative 
analysis of clinical variables between patients with and without 
metabolic syndrome demonstrated that the mean age was 
significantly higher in the metabolic syndrome group (67.50 ± 8.2 
years) compared to the non-metabolic syndrome group (62.71 ± 
10.99 years), with a statistically significant difference (t = 2.52, p 
= 0.013). No statistically significant differences were observed 
between the two groups in terms of AUA symptom score (18.52 
± 6.41 vs 17.34 ± 6.29; t = 0.97, p = 0.33), body mass index (26.5 ± 
1.73 vs 26.16 ± 1.38; t = 1.17, p = 0.24) and total prostate volume 
(53.56 ± 15.37 cc vs 57.2 ± 18.5 cc; t = 1.10, p = 0.27). However, the 
annual prostate growth rate was significantly greater in patients 
with metabolic syndrome (2.09 ± 1.68 ml/year) compared to 
those without metabolic syndrome (1.28 ± 0.75 ml/year) and this 
difference was highly statistically significant (t = 3.19, p = 0.002). 
Overall, these findings indicate that metabolic syndrome is 
significantly associated with increasing age and accelerated 
prostate growth, while it does not show a statistically significant 
association with symptom severity, BMI, or baseline prostate 
volume (Table 3). The analysis of factors associated with annual 
total prostate growth rate showed that age >60 years (OR = 
2.006; 95% CI: 1.02–5.25; p = 0.001), HbA1c >6.5% (OR = 1.59; 
95% CI: 1.32–3.98; p = 0.043) and severe AUA score (OR = 3.39; 
95% CI: 1.11–7.89; p = 0.03) were significantly associated with 
increased prostate growth. In contrast, BMI categories, LDL, 
HDL, triglycerides, fasting and random blood sugar levels and 
blood pressure did not show statistically significant associations 
(p > 0.05), although elevated LDL and obesity demonstrated a 
trend toward increased risk. Overall, advancing age, poor 
glycemic control and severe symptomatology were key 
predictors of accelerated prostate growth (Table 4). At baseline, 
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there was no significant difference between the two groups 
(χ²=2.44, p=0.29). Most patients in both groups had moderate 
symptoms and the mean AUA scores were also comparable 
(18.52±6.41 vs 17.34±6.29).After treatment, a significant 
difference was observed (χ²=15.18, p=0.001). Patients without 
metabolic syndrome showed greater improvement, with most 
shifting to moderate symptoms and no severe cases, along with 
a lower mean score (11.37±3.66). In contrast, patients with 
metabolic syndrome showed less improvement, with persistent 
moderate and severe cases and a higher mean score (16.40±5.78) 
(Table 5). 

Table 1:Distribution of cases according to age 

Age (years) Frequency (n=112) Percentage (%) 

41–50 14 12.5 
51–60 24 21.4 
61–70 38 33.9 
>70 36 32.01 
Total 112 100 

 
Table 2: Metabolic syndrome in patients with benign prostatic hypertrophy 

Metabolic syndrome Frequency (n=112) Percentage 

Absent 62 55.5 
Present 50 44.6 
Total 112 100 

 
Table 3: Association of metabolic syndrome with clinical variables in patients with BPH 

Clinical variables BPH with metabolic syndrome (n=50) BPH without metabolic syndrome (n=62) T value P value 

 Mean SD Mean SD   

Age (years) 67.50 8.2 62.71 10.99 2.52 0.013 
AUA score 18.52 6.41 17.34 6.29 0.97 0.33 
BMI (kg/m) 26.5 1.73 26.16 1.38 1.17 0.24 
Total prostate volume (cc 53.56 15.37 57.2 18.5 1.10 0.27 
Annual total prostate growth (ml/yr.) 2.09 1.68 1.28 0.75 3.19 0.002 

 
Table 5: Comparison of AUA score in patients with and without metabolic syndrome before and after treatment 

Severity of symptoms BPH with metabolic syndrome (n=50) BPH without metabolic syndrome (n=62)  χ2 P-Value 

N % N % 
Baseline  Mild  7 14 5 8.1 2.44  0.29 

Moderate 32 64 36 58.1 
Severe 11 22 21 33.9 
Mean±SD 18.52±6.41  17.34±6.29 

After treatment Mild  7 14 10 16.1 15.18 0.001 
Moderate 32 64 52 83.9 
Severe 11 22 00 00 
Mean±SD 16.40±5.78  11.37±3.66 

 
Table 4: Multivariate analysis of various factors with annual Total Prostate growth 
rate  

Annual TP growth rate OR 95% CI P value 

Age >60 year 2.006 1.02-5.25 0.001 
>60 year Reference 

BMI Overweight  1.62 0.38-6.9 0.51 
Obese  1.74 0.69-5.33 0.07  
Normal  Reference 

HbA1c (%) >6.5  1.59   1.32-3.98 0.043 
LDL (mg/dl) >150  3.49 0.88-13.7 0.07 
HDL (mg/dl) <40 2.69 0.51-14.2 0.24 
Triglycerides (mg/dl) >150 0.55 0.0506.9 0.65 
FBS (mg/dl) >100 1.38 0.05-3.34 0.99 
RBS (mg/dl) >200 2.9 0.37-3.57 0.96 
BP (mmHg) Raised  0.46 2.94- 0.07 0.41 
AUA  
 

Mild Reference 

Moderate 1.39 0.89-2.99  0.46 
Severe 3.39 1.11-7.89 0.03 

 
Discussion: 
The present study found that patients with metabolic syndrome 
were significantly older and exhibited a higher annual total 
prostate growth rate compared to those without metabolic 
syndrome, whereas baseline AUA scores and prostate volume 
were similar between the two groups. These findings are 
consistent with recent evidence suggesting that metabolic 
syndrome contributes more to disease progression rather than 
initial symptom severity. A recent meta-analysis reported that 
patients with metabolic syndrome have significantly higher 
prostate growth rate and larger prostate volume, but no 
significant difference in symptom scores (IPSS/AUA) at baseline 

[15]. Similarly, another study highlighted that metabolic 
syndrome is strongly associated with prostate enlargement and 
increased disease burden, although symptom variability exists 
among patients [16]. This explains why in the present study, 
AUA score was not significantly different initially, but structural 
progression (growth rate) was higher in the metabolic syndrome 
group. Furthermore, post-treatment analysis revealed 
significantly better improvement in AUA scores in patients 
without metabolic syndrome, indicating poorer treatment 
response in those with metabolic abnormalities. Multivariate 
analysis also showed that age >60 years, elevated HbA1c and 
severe baseline symptoms were significant predictors of 
increased prostate growth. These findings are supported by 
recent literature, which identifies metabolic factors such as 
insulin resistance, hyperglycemia and dyslipidemia as key 
contributors to prostatic enlargement through hormonal and 
inflammatory pathways [10]. A large cohort study by Heet al. 
[12] further confirmed metabolic syndrome as an independent 
risk factor for BPH development and progression, mediated by 
chronic inflammation and metabolic dysregulation. Overall, the 
present study reinforces the concept that metabolic syndrome 
not only accelerates prostate growth but also negatively impacts 
treatment outcomes, highlighting the importance of metabolic 
control in the management of BPH. Although obesity and 
dyslipidemia are well-recognized components of Metabolic 
syndrome, their association with BPH was not statistically 
significant in our study. This contrasts with recent meta-analyses 
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which reported a strong relationship between increased body 
mass index (BMI), dyslipidemia and prostate volume [17]. The 
discrepancy may be attributed to differences in population 
characteristics, sample size, or lifestyle factors in the studied 
cohort. It also suggests that not all components of metabolic 
syndrome exert equal influence on prostate growth and 
glycemic control may play a more dominant role. Recent 
longitudinal studies have also demonstrated that metabolic 
syndrome is associated with increased annual prostate growth 
rate and higher risk of disease progression [18]. In contrast to 
our findings, previous studies have reported that obesity and 
dyslipidemia are significantly associated with increased prostate 
volume and BPH progression [19]. Our findings are further 
supported by Kaltsas et al., who highlighted oxidative stress and 
chronic inflammation as important mechanisms linking 
metabolic abnormalities with BPH progression [20]. Our 
findings are in concordance with these studies, as patients with 
metabolic syndrome showed significantly higher prostate 
growth rates compared to those without metabolic syndrome. 
From a clinical perspective, the results of this study emphasize 
the need for a multidisciplinary approach in the management of 
BPH. Addressing metabolic risk factors such as diabetes and 
insulin resistance may not only improve overall health outcomes 
but also potentially slow the progression of prostatic 
enlargement. Lifestyle modifications, including weight 
management, dietary control and increased physical activity, 
should be considered integral components of BPH management 
strategies. However, this study has certain limitations, including 
its single-center design and small sample size, which may limit 
generalizability. Future large-scale, multicentric prospective 
studies are required to further elucidate the causal relationship 
between MetS and BPH. 
 
Conclusion: 

Metabolic syndrome, particularly poor glycemic control, was 
significantly associated with accelerated prostate growth in 
patients with BPH. Patients with metabolic abnormalities 
demonstrated higher annual prostate growth rates and a 
comparatively poorer response to treatment. Thus, metabolic 
syndrome may contribute to BPH progression and should be 

considered in the comprehensive management of affected 
patients. 
 
Advancement to knowledge: 

This study adds evidence that metabolic syndrome is 
significantly associated with benign prostatic hyperplasia (BPH), 
suggesting that systemic metabolic disturbances may contribute 
to the development and progression of prostatic enlargement 
and lower urinary tract symptoms. It highlights the importance 
of evaluating metabolic health in patients with BPH and 
supports a multidisciplinary approach for early diagnosis and 
management. 
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