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1. Introduction

Type 2 diabetes mellitus (T2DM) and benign prostate hyper-
trophy (BPH) are frequent acquired conditions occurring in adult-
hood [1,2]. The links between these two diseases have been
extensively studied, and the prevalence of both increases with age.
During each phase of the natural history of T2DM, there are po-
tential underlying mechanisms that may explain the epidemio-
logical associationwith BPH [1]. In prediabetes and during the early
stage of T2DM, chronic hyperinsulinemia compensating for whole-
body insulin resistance (IR) may promote prostatic hypertrophy,
since elevated plasma insulin was consistently identified as a risk
factor (RF) or risk marker for BPH [3,4]. Further, hyperinsulinemia
stimulates liver production of tissue growth stimulants, such as
Insulin-like growth factors (IGFs), which have a sustained trophic
action on prostatic tissues [5,6]. In established T2DM, progressive
loss of b-cell function leads to chronic hyperglycemia, which also
exerts trophic effects on prostatic tissue [1,7]. Over time, chronic
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hyperglycemia causes widespread microvascular damages, which
may impair local blood flow to prostatic tissue, and also promote
oxidative stress, another driver of prostatic cells hyperplasia
[8e10]. In the common form of T2DM (i.e. associated with IR and
the metabolic syndrome, MetS), patients are usually overweight/
obese and sarcopenic as regards anthropometry, as a result of
excess caloric intake, inadequate lifestyles, and metabolic inflexi-
bility in the setting of IR/hyperinsulinemia [11]. The objective of
this study was to compare prostate volume, anthropometric pa-
rameters, cardiometabolic phenotype and fat mass of diabetic pa-
tients and non-diabetic controls living in South-Kivu, in order to
identify standard or candidate RFs for prostate enlargement. (see
Table 4, Fig. 1)

2. Subjects, materials and methods

South-Kivu province is located in the Eastern part of the Dem-
ocratic Republic of Congo. It has 34 health zones, in which diabetics
are often affiliated with a local patient's association.

This study took place from September 2016 to March 2017, and
was performed in 10 of the 34 South-Kivu's health zones, selected
according to ease of access as well as geographical representa-
tiveness. We registered all men with T2DM> 40 years affiliated to
local diabetic associations (n: 413). The control group consisted of
men recruited among the non-diabetic husbands of the diabetes
associations' female diabetic members.

All subjects underwent medical history collection, including
occupational status, urological scores (International Prostate
Symptom Score (IPSS), Quality of Life Score (QOL), and duration of
urological symptoms. According to IPSS and QOL, patients were
categorized as mildly symptomatic (IPSS: 0e7) or as moderately to
severely symptomatic (IPSS: 8e35), and for QOL as satisfied (QOL:
1e2), moderately bored (QOL: 3e5), and severely bored (QOL:
6e7).
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Fig. 1. BMI variation among the diabetic group.
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For diabetics, known duration of diabetes, body weight at the
time of diabetes diagnosis, and ongoing glucose-lowering drug(s)
or other treatment were also recorded.

For each participant, blood pressure, anthropometric parame-
ters (body mass index (BMI), waist circumference), blood glucose,
and body composition were determined in the fasting state. BMI
was stratified into four categories according to the WHO classifi-
cation (<18.5 kg/m2: underweight, 18.5e24.9 kg/m2: normal range,
25e29.9 kg/m2: overweight, and �30 kg/m2: obese). Waist
circumference (WC) was dichotomized with the International
Diabetes Federation (IDF) threshold value suggested for adult men,
with subjects whose WC� 94 cm considered as having central
obesity.

Body compositionwas estimated using a bioelectrical tetrapodal
body fat analyzer (OMRON BF 508 Impedance-meter) with fat mass
categorization and visceral fat scale provided in the manufacturer's
manual. All subjects had uroflowmetry measurement using a Flow
master 2014 MMS (Medical Measurement System) flowmeter, with
wireless communication via Bluetooth.

Post-voiding residual (PVR) volume was measured using
suprapubic ultrasonography. Maximum urinary flow rate >15ml/s
was considered normal, and a PVR <50ml was considered
insignificant.

Voiding duration was categorized as follows: < 20 s, 20e60 s,
and >60 s.

Digital rectal and transrectal ultrasound (TRUS) examinations of
the prostate were performed by a blinded single examiner.

The prostate volume (PV) was measured by TRUS with a Bruel
and Kjacer medical portative scanner 7, 5MHZ. PV was calculated
according to the ellipsoid formula [12]: Height (H) x Width (W) x
Length (L) x p/6. The height (H) was obtained from transaxial
scanning, and a prostate volume� 30 cc was considered enlarged.
2.1. Exclusion criteria

Among the diabetic group, we excluded patients with T1DM and
those with acute diabetes-related metabolic or vascular complica-
tions requiring hospitalization.

As each patient had his body composition measured using a
tetrapodal bioelectrical impedance device, patients with lower-
limb amputation(s), often as a result of gangrene or osteomyelitis,
and those with foot ulcer(s) requiring dressings were not eligible
for this study.

In the control group, participants with fasting blood glucose
�126mg/dl were considered as having newly-diagnosed DM, and
were excluded from this study. They were referred to the local
diabetes association for further evaluation and management.

In both groups, patients with a medical history of prostate sur-
gery, ongoing medication(s) for BPH, prostate abnormality on DRE
and/or on TRUS were excluded (n: 35).

Ultimately, 377 diabetic subjects who met the study criteria
were matched to 752 nonediabetic subjects.

2.2. Statistical analysis

Data were analyzed on Stata for Mac version 12.1 (StataCorp,
College Station, Texas, USA).

Quantitative variables were summarized as means or medians,
with standard deviation (SD) and interquartile range (IQR),
respectively. Categorical data were presented as proportions.
Comparisons between means were performed using Student's t-
test for normally-distributed variables, and usingWilcoxson's rank-
sum test for asymmetrically-distributed variables.

Odds ratio and 95% confidence interval (95% CI) were used to
evaluate the association between prostate volume and other vari-
ables. In all analyses, a p-value < 0.05was considered as statistically
significant.

2.3. Ethical considerations

The Catholic University of Bukavu Ethical Committee approved
the study protocol and informed consents were received from all
participants. For patients with unbalanced hyperglycemia and/or
prostate abnormalities, suitable medical advice was provided.

3. Results

Data were obtained from 1129 subjects aged 40e97 years and
are summarized in Table 1. Of these 1129 subjects 377 (33.4%) were
diabetic, and 752 (66.6%) were non-diabetic.

There was no significant difference regarding age between
groups. Urological features, anthropometric parameters and fat
mass were on the other hand statistically different between the
diabetic and non-diabetic groups.

Moderate to severe lower urinary tract symptoms (LUTS)
occurred in 80.9% of diabetics vs 66.9% of non-diabetics (p: <
0.001).

A prostate volume �30 cc was observed in 76.7% of diabetics vs
51.3% of non-diabetics (p: < 0.001), while a prostate vol-
ume� 100 cc was only observed in 16 subjects, all of whom
belonging to the diabetic group. Overall, obesity was observed in
<10% of the studied population (6.9% in diabetics, and 2.5% in non-
diabetics).

Mean BMI in the diabetic group at diabetes diagnosis, obtained
from archived data from the diabetes associations, was significantly
higher than current BMI based on contemporary weight (24.4 vs
23 kg/m2, and P< 0.001).

Since prostate volume was significantly different between
groups, the index study was geared towards finding correlates of
prostate enlargement among the studied variables.

In unadjusted analysis, prostate volume was associated with
age, presence of diabetes, IPSS, QOL score, fasting glucose, urody-
namic parameters (flow max, voiding duration, and PVR), body fat,
and visceral fat.

After adjustment, age, diabetes, flowmax, voiding duration, and
BMI were significantly associated with prostate volume.



Table 1
General characteristics of diabetic patients and controls.

Variable All Patients Diabetic Group Non-diabetic Group p

Age (years) n¼ 1129 n¼ 377 n¼ 752
61.08± 10.79 61.57± 10.7 60.83± 10.82 0.28*

IPSS n¼ 1129 n¼ 377 n¼ 752
15 (7e22) 17 (10e22) 13 (5e21) <0.001w

QOL n¼ 1129 377 752
5 (2e6) 5 (2e6) 5 (2e6) 0.025 w

FLOW MAX (ml/sec) n¼ 1126 n¼ 374 n¼ 752
16.6± 8.1 15.4± 7.9 17.2± 8.1 <0.001*

Voiding duration (sec) n¼ 1126 n¼ 374 n¼ 752
17.3 (13.0e24.2) 19.3 (18.8e31.3) 16.4 (12.6e22.2) <0.001w

PVR (cc) n¼ 1126 n¼ 374 n¼ 752
5 (5e20) 17 (5e40) 5 (5e5) <0.001w

PV (cc) n¼ 1129 377 752
32 (24e44) 40 (30e52) 30 (22e39) <0.001w

FBG (mg/dl) n¼ 1129 n¼ 377 n¼ 752
102 (88e124) 176 (119.5e274) 95 (85e106) <0.001w

BMI (kg/m2) n¼ 1129 377 752
22.4± 3.8 23± 4.1 22.1± 3.6 0.001*

WC (cm) n¼ 1129 n¼ 377 n¼ 752
83.8± 11.3 87.4± 11.6 82.0± 10.6 <0.001*

Fat mass (%) 1129 377 752
15.3 (10.2e21.2) 17 (10.7e23.4) 14.4 (10.2e20.2) <0.001w

VFS (0¡30) n¼ 1129 n¼ 377 n¼ 752
6 (4e9) 7 (4e10) 6 (4e8) <0.001w

IPSS: International prostate symptoms score (0�35).QOL:Quality of life score (0e7). PVR: Post voiding residual (cc). PV: Prostate volume (cc). FBG: Fasting blood glucose (mg/
dl). BMI: Body mass index (kg/m2). WC: Waist circumference (cm). VFS: Visceral fat score (0e30 scale).
*: t-test.
W: Wilcoxon rank-sum test.

Table 2
Categorization of the main study variables.

Variable Diabetic Group N¼ 377 Non-diabetic Group N¼ 752 p

IPSS % %
Normal 19.1 33.1 <0.001
Moderate to severe 80.9 66.9 <0.001

PV (cc) % %
<30 23.4 48.7 <0.001
�30 76.6 51.7 <0.001

BMI (kg/m2) % %

Underweight 12.2 14.5 0.29
Normal 61.8 66.8 0.096
Overweight 19.1 16.2 0.22
Obese 06.9 02.5 <0.001

WC (cm) % %
<94 73.7 86.6 <0.001
�94 26.3 13.4 <0.001

Fat mass (%) % %
<11 (Low) 33.1 41.5 0.006
11e21.9 (Normal) 43.3 44.3 0.75
22e27.9 (High) 14.6 09.7 0.014
�28 (very high) 09.0 04.5 0.003

VFS (0¡30) % %
1-9 (Normal) 69.3 81.9 <0.001
10-14 (High) 22.0 14.8 0.003
15-30 (very High) 08.7 03.3 <0.001

IPSS: International prostate symptoms score (0�35). PV: Prostate volume (cc). BMI: Body mass index (kg/m2). WC: Waist circumference (cm). VFS: Visceral fat score
(0e30 scale).
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4. Discussion

Previous studies have shown that BPH is associated with several
modifiable RFs such as T2DM and obesity. These two common
conditions are known to be detrimental to various target organs
such as the prostate, through e.g. impaired glucose homeostasis



Table 3
Association between prostate volume and correlates of prostate enlargement.

Variable n % EP OR (95% CI) p

Age(years) <0.001
40e59 471 47.4 1
�60 658 68.7 2.44 (1.90e3.14)

IPSS <0.001
Mild 321 50.5 1
Moderate to severe 808 63.5 1.7 (1.30e2.23)

QOL 0.011
Normal 426 54.2 1
Moderate 180 64.4 1.53 (1.07e2.19)
Severe 523 62.7 1.42 (1.09e1.84)

FLOW MAX (ml/sec) <0.001
�15 529 68.8 1
<15 597 51.6 2.1 (1.6e2.7)

Voiding duration (sec) <0.001
<20 710 55.2 1
20e60 387 68.0 1.72 (1.33e2.23)
>60 29 58.6 1.15 (0.54e2.44)

PVR (cc) 0.006
<50 1013 58.3 1
�50 113 71.7 1.81 (1.16e2.87)

Diabetes <0.001
No 752 51.7 1
Yes 377 76.6 3.11 (2.34e4.16)

FBG (mg/dl) <0.001
<100 857 54.1 1
�100 272 77.6 2.93 (2.12e4.08)

BMI (kg/m2) n¼ 1129 0.001*

Underweight 155 49.7 1
Normal 735 57.7 1.38 (0.97e1.95)
Overweight 194 70.1 2.37 (1.53e3.69)
Obese 45 84.4 5.50 (2.31e13.1)

WC (cm) <0.001
<94 929 56.3 1
�94 200 76 2.46 (1.72e3.56)

Fat mass (%) <0.001*
Low 437 56.5 1
Normal 496 60.3 1.17 (0.90e1.51)
High 128 64.8 1.42 (0.94e2.14)
Very high 68 67.6 1.61 (0.93e2.76)

VFS (0¡30) <0.001
Normal 877 55.9 1
High 194 70.6 1.90 (1.35e2.66)
Very high 58 82.8 3.80 (1.89e7.60)

EP: enlarged prostate. IPSS: International prostate symptoms score (0�35). QOL:
Quality of life score (0e7). PVR: Post voiding residual (cc), PV: Prostate volume (cc),
FBG: Fasting blood glucose (mg/dl), BMI: Body mass index (kg/m2), WC: Waist
circumference (cm). VFS: Visceral fat score (0e30 scale).
*: chi-square for trend.
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and abnormal lipid metabolism [13]. To date, no studies have been
conducted to elucidate these associative interactions in South Kivu
(Eastern DR Congo), a region with a remarkably low prevalence of
obesity and related comorbidities, even in case of T2DM [14]. Hence
we investigated the association of BPH components, anthropo-
metric measures and body fat in a large-scale study population
composed of diabetics and carefully selected non-diabetic controls.

Our data provide further evidence that BPH components are
increased in case of diabetes. Thus, dysuria was more intense in
diabetic subjects than in controls, as shown by IPSS results and QOL
scores. These observations were objectively confirmed by uro-
flowmetry and PVR measures. Among candidate contributory fac-
tors are increased sympathetic tone associated with T2DM, which
is also linked to prostatic hypertrophy, and their simultaneous
presence may have prejudiced dysuria in these patients [1,3].

Ding et al. [15] performed urodynamic explorations in diabetics
and identified other contributors to LUTS, such as detrusor insta-
bility and lower bladder compliance. In addition, diabetic autono-
mous neuropathy due to chronically-poor glycemic control may
also affect bladder function, and produce symptoms evocative of
prostatic hypertrophy. Thus, diabetic patients with concomitant
BPH are more likely to present more frequent symptoms of ves-
icourinary discomfort and LUTS [1].

Prostate volume was statistically larger in diabetics (Table 1).
There are numerous candidate contributors to cause such
enlargement in T2DM. Chronic hyperinsulinemia secondary to
whole-body IR exerts a potent trophic effects on prostatic cells, and
also boosts hepatic production of IGFs, which are also involved in
prostate hypertrophy [3e6]. Chronic hyperglycemia in long-
standing T2DM, as a consequence of progressive loss of pancre-
atic b-cell function, also exerts trophic effects on prostate tissue.
Several studies have demonstrated the role of interstitial hyper-
glycemia on prostate hypertrophy, e.g. by stimulation of cellular
proliferation [1,7]. In our study, even though diabetic patients were
affiliated to local diabetic associations, most of them likely had poor
glycemic control, as reflected by frank hyperglycemia (Table 1), as a
consequence of inadequate diet, insufficient access to glucose-
lowering therapies, limited or lack of self-measurement of blood
glucose, all within a context of poorly-developed healthcare and
limited financial resources.

All these intertwined abnormalities can also cause micro- and
macrovascular damage with ensuing prostatic hypoperfusion.
Berger et al. [8] suggested that impairment of blood supply to the
prostate has a key role in development of BPH. In vitro experiments
have shown that hypoxia-stimulated prostate growth may result
from upregulated secretion of several growth factors. In diabetics,
impaired blood supply to the prostate may arise from atheroscle-
rosis of large vessels (usually as a consequence of hypertension and
dyslipidemia) and/or from microangiopathies of smaller vessels,
associated with chronic hyperglycemia [8,9], and/or from vascular
compression due remodeling of the prostatic stroma, as a conse-
quence of chronic low-grade systemic inflammation [16e18].

Poor glycemic control in diabetics is also a RF for recurrent
urinary tract infection and inflammation, both of which can
aggravate LUTS. In the Bostanci study [19], inflammationwas found
to be a RF for BPH, as shown by the frequent presence of inflam-
matory infiltrates in prostatic tissue, the intensity of which was
otherwise correlated with prostate volume. Local production of
cytokines by inflammatory cells was shown to stimulate angio-
genesis and growth factors synthesis by prostatic tissue [16e21].
Chronic inflammation may lead to a succession of injury and
healing episodes affecting the prostate. This may contribute to
architectural remodeling of the prostatic stroma, including me-
chanical vascular compression, which also generates oxidative
stress [8e10].
In long-standing T2DM, Al-Tamini et al. [22] reported decreased
vitamin D status in the majority of patients. Caretta et al. [23]
confirmed this finding and demonstrated that vitamin D exerts a
protective role against prostatic hypertrophy. Thus, vitamin D
deficiency may promote progressive increase in prostate size.
However this condition is unlikely in South- Kivu, which is a priori a
region with high solar exposition. Further studies on this topic are
required to draw plausible conclusions.

Surprisingly, clinical markers of obesity were scant in our study
population (Table 2), which does not necessarily attenuate the
relationship between overall obesity, T2DM, hyperinsulinemia and
growth factors. Several studies show a positive correlation between
global obesity (inferred by BMI) and prostate size [3,11], and central
obesity (with waist circumference as proxi) plays a major role in



Table 4
Multivariable logistic regression analysis for correlates of prostate hypertrophy.

Variable Adjusted OR (95% CI) P

Age(years) <0.001
40e59 1
�60 2.51 (1.93e3.26)

Diabetes <0.001
No 1
Yes 2.92 (2.17e3.92)

Flow max (ml/sec) <0.001
�15 1
<15 1.70 (1.30e2.22)

Voiding duration (sec) <0.046
<20 1
20e60 1.33 (1.01e1.77)
>60 e

BMI (kg/m2) <0.001
Underweight 0.66 (0.45e0.95)
Normal 1
Overweight 1.79 (1.24e2.57)
Obese 3.57 (1.51e8.46)
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driving prostate enlargement [24e27] (see Table 3).
Cohen et al. [28] suggested that increased intra-abdominal

pressure due to central obesity may damage internal spermatic
veins valves, resulting in a higher testosterone reflux exposure of
the prostate via the communicating venous system.

An intriguing finding of our study was the greater prostate
volume of diabetic patients despite low overall obesity preva-
lence (Table 2). This observation might be due to a more
restrictive diet, a poor glycemic control with urinary caloric loss,
and insulinopenia-related catabolism in later-stage T2DM, since
hypoinsulinemia is frequent in sub-Saharan T2DM males exhib-
iting the so-called “African diabetes” phenotype [29,30].
Furthermore, the “metabolically obese but normal-weight”
(MONW) phenotype is frequent in sub-Saharan African pop-
ulations [30], with or without T2DM. Interestingly, BMI at the
time of diabetes diagnosis was markedly higher than current
BMI, which implies a substantial weight loss over time in these
diabetics. Despite this weight decrease, their prostate volume
was greater than that of their non-diabetics counterparts.
Therefore, we hypothesize that a component of BPH may repre-
sent some kind of metabolic scar in these diabetic men from
South Kivu.

4.1. Limitations

As prostate biopsies were not carried out in this study to
formally establishing histological BPH, the possibility of prostate
cancer cannot be ruled out in some patients. In addition, more
extensive urodynamic explorations in diabetics should be realized
in order to identify other causes of LUTS. Further, laboratory ana-
lyzes are required to confirm the “metabolically obese but normal-
weight” (MONW) phenotype of the diabetics enlisted in this study.

5. Conclusion

T2DM significantly increases the risk of developing BPH, despite
a low overall obesity prevalence. As regards body composition,
prostate volume was not associated with body fat or visceral fat.
Further studies are needed to explain the underlying overlapping
mechanisms between T2DM and BPH, two prevalent acquired
conditions in South-Kivu. Our data also suggest that screening for
diabetes in case of BPH, and vice versa, may be useful in this
population.
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