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1. Introduction

Metabolic syndrome (MetS) is a cluster of cardiometabolic dis-
orders including elevated triglycerides (TG), low high-density li-
poprotein cholesterol (HDL-C), abnormal glucose homeostasis,
hypertension and obesity. This entity is becoming an increasingly
prevalent problemworldwide, including in sub-Saharan Africa, due
eg. to adoption of Westernized lifestyles [1].

The presence of a MetS is increasingly considered to be involved
in the genesis of BPH [2e7]. However, most studies linking BPH to
the MetS were performed in single populations, including a mix of
diabetics and non-diabetics. The conclusions thus drawn indiffer-
ently apply to both diabetics and non-diabetics, despite the many
confounders related to differences in glucose homeostasis, as well
as medications use and dietary habits. In addition, MetS compo-
nents distribution and severity differ according to ethnicity [8].

This study aimed at elucidating which amongMetS components
represent risk factors or risk markers associated with BPH genesis
in diabetic and non-diabetic subjects recruited among diabetic
associations of the South-Kivu region in the DR Congo.
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2. Methods

This study was conducted in the eastern DR Congo province of
South-Kivu and used a sub-sample of a larger study conducted in
the region [9].

The primary study from which the current sample was drawn
was conducted among 377 patients with diabetes recruited from 10
diabetes patient's associations and 752 individuals without dia-
betes recruited from the neighborhood.

Due to limited resources regarding laboratory assays, we
selected for the present study a sub-sample of 300 individuals (100
with diabetes and 200 without diabetes) using a systematic sam-
pling method.

For each participant, blood pressure, anthropometric parame-
ters measurement (body mass index (BMI), waist circumference),
and a blood sample collection were realized in the fasting state.

A digital rectal examination and a prostate volume (PV) scan-
ning were performed by a single physician.

All laboratory analyzes were carried out at a central automatized
laboratory, at Saint-Luc academic hospital in Brussels. The variables
measured included fasting serum glucose total cholesterol, tri-
glycerides, low-density lipoprotein cholesterol (LDL-C; calculated
using Friedewald's formula), high-density lipoprotein cholesterol
(HDL-C), insulin, total testosterone, sex hormone-binding protein
(SHBG), and prostate specific antigen (PSA).

Free androgen index (FAI) was calculated as follows: [(total
testosterone/SHBG) x 100] [10].
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Table 1
Extraglycemic components of the metabolic syndrome.

Variable All Diabetics Non-diabetics p-value

(n: 300) (n:100) (n:200)

Age (years) 62.9± 10.2 62.7± 10.7 63± 9.9 0.8
SBP (mm Hg) 140.5± 24.2 141.3± 25.4 140.± 23.7 0.7
DBP (mm Hg) 85.5± 14.3 83.8± 13.4 86.4± 14.7 0.2
Waist Circ (cm) 88 (79e95) 89 (80e95) 87 (78.5e95.2) 0.2
TG (mg/dL) 105.5 (82.3e133) 109 (83e144) 105 (82e131) 0.4
HDL-C (mg/dL) 29.3± 11.3 29.4± 11.7 29.2± 11.2 0.9

SBP: Systolic blood pressure (mm Hg). DBP: Diastolic blood pressure (mm Hg).
Waist circ: Waist circumference (cm). TG: triglycerides (mg/dL).
HDL-C: High-density lipoprotein cholesterol (mg/dL).
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MetS components were defined according to the joint interim
statement of the International Diabetes Federation task force on
epidemiology and prevention; the National Heart, Lung, and Blood
Institute; the American Heart Association; the World Heart Feder-
ation; the International Atherosclerosis Society; and the Interna-
tional Association for the Study of Obesity [11].

To enable comparison between diabetic and non-diabetic sub-
jects, only the extra-glycemic components of the MetS were
considered, namely elevated blood pressure, enlarged waist, high
TG and low HDL-C levels.

2.1. Statistical analysis

Statistical analyses were carried out using Stata 15 (StataCorp,
College Station, Texas, USA).

Quantitative variables are summarized into means or medians,
with standard deviation (SD) and interquartile range (IQR),
respectively, depending on whether the shape of the distribution
was symmetrical or not. Categorical data are presented as fre-
quencies and proportions.

Comparisons between means were done using Student's t-test
for normally-distributed variables, and Wilcoxson's rank-sum test
for variables with skewed distributions.

To establish the independent factors associated with prostate
size, we run bivariable and multivariable generalized linear
regression models with the inverse e Gaussian family and the
identity link. This model was used given that prostate volume
distribution is right-skewed, since in such a scenario, ordinal
least-squared regression modelling would lead to biased
estimates.

We also used robust standard errors to account for hetero-
scedasticity of variances.

Data were brought in the multivariable model based on a con-
servative p-value � 0.2 at bivariable analysis and/or on biological
plausibility. In all analyses, a p-value < 0.05 was deemed statisti-
cally significant.

3. Results

The two groups were statistically similar for all extraglycemic
components of the MetS. In addition, both groups had elevated
mean systolic blood pressure and low HDL-C (Table 1).

Regarding the other parameters, diabetics had higher fasting
glucose, insulin, and prostatic volume. However, their testosterone
and free androgen index (FAI) were lower by 13% and 52% respec-
tively, compared to non-diabetic subjects (Table 2).
Table 2
Comparison of urological features and other metabolic components by dia

Variable All Diab

(n:300) (n:10

BMI (kg/m2) 23 (20e25.6) 23 (2
FBG (mg/dL) 97 (86e124) 170.
INSULIN (rmol/L) 31.5 (15e62.3) 39.2
LDL-C (mg/dL) 105.8± 39.2 107.
SHBG (nmol/L) 102 (74.4e134.2) 98 (7
TESTOSTERONE(ng/mL) 25.1± 10.2 22.7
t PSA (ng/mL) 1.3 (0.7e2.6) 1.5 (
f PSA (ng/mL) 0.3 (0.2e0.7) 0.3 (
PV (cc) 37 (26e53.5) 49 (3
FAI 23.4 (18.2e32) 22.2

BMI: Body mass index (kg/m2). FBG: Fasting blood glucose (mg/dL).
LDL-C: Low-density lipoprotein cholesterol (mg/dL). SHBG: Sex hormone-
tPSA: Total prostate specific antigen (ng/mL). fPSA: Free prostate specific a
PV: Prostate volume (cc). FAI: free androgen index [(Total testosterone/SH
In the diabetic group, prostatic volume was related to LDL-C,
SHBG, insulin, and free androgen index (FAI). In addition, there
was a negative correlation between prostatic volume and testos-
terone level in this group (Table 3). On the other hand, prostatic
volume was related to LDL-C in the non-diabetic group, whereas a
negative and not statistically significant correlation was observed
between prostatic volume and testosterone (Table 4).

The two groups thus shared LDL-C as risk factor for prostate
enlargement (Tables 3 and 4).

4. Discussion

This study assessed the association between MetS components
and prostate size in diabetic and nondiabetic subjects recruited
among diabetic associations in South-Kivu. It shows that the four
standard nonglycemic MetS components are not associated with
prostate size. However, other cardiometabolic parameters, such as
LDL-C and insulin, are strongly related to prostatic hyperplasia.

Numerous studies have highlighted the links between prostatic
volume and the MetS, either as a dichotomous condition, or via its
defining components [2e4,12,13].

In a study by Gacci et al. [2], prostatic volume (PV) and prostatic
anterior-posterior diameter were positively associated with the
number of MetS components. However, the most often mentioned
MetS components are insulin resistance with subsequent diabetes
and obesity [14].

Byun et al. [3] suggested that each MetS component could
represent a risk factor for BPH development, since they demon-
strated an increase in PV severity, consistent with the increase in
MetS score components.

The conclusions drawn from these observations should be
considered with caution for several reasons, including the lack of
betes status.

etics Non-diabetics p-value

0) (n:200)

0e25.4) 23 (20.1e26) 0.7
5 (122e326.5) 89 (83e99) <0.001
(19.6e87.5) 26.5 (13.5e50) 0.0004
4± 36.9 104.9± 40.3 0.6
3.4e133) 103.8 (74.4e134.7) 0.8
± 11.4 26.2± 9.3 0.005
0.7e2.9) 1.2 (0.6e2.6) 0.7
0.2e0.6) 0.3 (0.2e0.7) 0.4
7.5e7.5) 30.5 (24e43) <0.001
(18.3e27.2) 25 (18.1e34.6) 0.003

binding globulin (nmol/L).
ntigen (ng/mL).
BG) x 100].



Table 3
Bivariable and multivariable regression analyses for predictors of prostate hypertrophy in the diabetic population.

Variable Unadjusted b coefficient 95% CI p-value Adjusted b coefficient 95% CI p-value

AGE 0.4 [- 0.04; 0.8] 0.08
SBP 0.02 [- 0.2; 0.3] 0.9
DBP 0.07 [- 0.4; 0.5] 0.7
BMI 0.9 [- 0.5; 1.1] 0.5 0.14 [- 0.5; 0.8]
Waist Circ 0.02 [- 0.4; 0.5] 0.9
LDL-C 0.1 [- 0.005; 0.2] 0.06 0.2 [0.08; 0.3] <0.001
HDL-C - 0.1 [- 0.4; 0.1] 0.3
TG 0.01 [- 0.06; 0.08] 0.71 - 0.02 [- 0.1; 0.07]
t PSA 1.9 [- 0.9; 4.9] 0.2
f PSA 7.5 [0.1; 14.8] 0.05 0.8 [- 2.8; 4.4]
SHBG - 0.08 [- 0.2; 0.002] 0.06 0.3 [0.04; 0.5] 0.02
TESTOSTERONE - 0.2 [- 0.6; 0.2] 0.3 - 1.6 [- 2.5; - 0.6] 0.001
FBG 0.03 [- 0.02; 0.07] 0.3 0.02 [- 0.02; 0.5]
INSULIN 0.08 [0.02; 0.14] 0.01 0.08 [0.02; 0.13] 0.007
FAI 0.4 [- 0.004; 0.8] 0.05 2.04 [1.1; 3.03] <0.001

SBP: Systolic blood pressure (mm Hg). DBP: Diastolic blood pressure (mm Hg).
BMI: Body mass index (kg/m2). Waist circ: Waist circumference (cm).
LDL-C: Low-density lipoprotein cholesterol (mg/dL). HDL-C: High-density lipoprotein cholesterol (mg/dL).
TG: triglycerides (mg/dL). tPSA: Total prostate specific antigen (ng/mL).
fPSA: Free prostate specific antigen (ng/mL). SHBG: Sex hormone binding globulin (nmol/L).
FBG: Fasting blood glucose (mg/dL). FAI: free androgen index [(Total testosterone/SHBG) x 100].
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consensus on the definitions of both MetS and BPH, the large
variation among the studied populations regarding age, genetics,
dietary habits, and environmental risk factors [4]. In addition, di-
abetics and non-diabetics were not analyzed separately in the
study populations, despite obvious differences in carbohydrates
and lipids metabolism.

In the present study, diabetic and non-diabetic subjects were
considered separately in order to clearly identify risk factors for
prostate hyperplasia among the metabolic parameters of interest.
These two populations were similar with respect to age and the
extraglycemic components of the MetS, but significantly differed
regarding major glycemic components such as FBG and fasting
insulin levels.

Elevated blood glucose (BG) is frequently mentioned in BPH
genesis, both in diabetics and non-diabetics [15,16].

Bourke and Griffin in 1966 were the first to evoke the role of
abnormal glucose homeostasis in prostatic enlargement, suggest-
ing an association between diabetes mellitus and BPH [17].

Later, other authors confirmed this observation, putting forward
Table 4
Bivariable and multivariable regression analyses for predictors of prostate

VARIABLE Unadjusted b coefficient 95% CI p

AGE 0.2 [-0.2; 0.5] 0
SBP - 0.05 [-0.14; 0.04] 0
DBP - 0.08 [-0.2; 0.08] 0
BMI - 0.6 [-1.02; 0.2] 0
Waist Circ - 0.09 [- 0.3; 0.1] 0
LDL-C 0.1 [0.06; 0.2] <
HDL-C 0.1 [- 0.1; 0.4] 0
TG 0.04 [- 0.03; 0.09] 0
t PSA 0.6 [- 0.9; 2.2] 0
f PSA 2.4 [- 3.1; 7.9] 0
SHBG 0.05 [- 0.09; 0.002] 0
TESTOSTERONE - 0.2 [- 0.5; 0.07] 0
FBG - 0.2 [- 0.3; - 0.02] 0
INSULIN 0.1 [- 0.08; 0.3] 0
FAI - 0.006 [- 0.003; 0.02] 0

SBP: Systolic blood pressure (mm Hg). DBP: Diastolic blood pressure (mm
BMI: Body mass index (kg/m2). Waist circ: Waist circumference (cm).
LDL-C: Low-density lipoprotein cholesterol (mg/dL). HDL-C: High-density
TG: triglycerides (mg/dL). tPSA: Total prostate specific antigen (ng/mL).
fPSA: Free prostate specific antigen (ng/mL). SHBG: Sex hormone binding
FBG: Fasting blood glucose (mg/dL). FAI: free androgen index [(Total testo
a trophic role of glucose on prostatic tissues, even though the
precise underlying mechanism(s) are still unclear [18,19].

Among the extraglycemic MetS components, Gacci et al. [2]
noted that only dyslipidemia (increased serum TG and reduced
HDL-C, the defining abnormalities of atherogenic dyslipidemia or
AD) was associated with an increased risk of BPH (>60 cc).

We observed that although mean LDL-C level was within the
normal range in both groups, it was strongly associated with
prostate volume. This association was observed in both diabetics
and non-diabetics (Tables 3 and 4).

Interestingly, Agrawal et al. suggested that the link between an
altered lipid profile and increased PV could be at the level of in-
duction and maintenance of an inflammatory state within the
prostatic tissue by dyslipidemia, thought to induce cells growth [20].

Further, Hammarsten et al. reported a significant negative cor-
relation between HDL-C and prostate volume. Menwith low HDL-C
had a larger prostate volume (49ml versus 39ml), and a faster
annual BPH growth rate (1.022 versus 0.78ml/year) than those of
men with high HDL-C [21].
hypertrophy in the non-diabetic population.

-value Adjusted b coefficient 95% CI p-value

.3

.3

.4

.005 - 0.5 [- 0.9; - 0.08] 0.02

.4
0.001 0.1 [0.05; 0.2] 0.001
.4
.2 0.02 [- 0.03; 0.07]
.5
.4 0.8 [- 2.8; 5]
.06 - 0.02 [- 0.08; 0.04]
.14 - 0.08 [- 0.4; 0.3]
.03 - 0.1 [- 0.3; 0.05]
.3 0.006 [- 0.1; 0.1]
.6 - 0.004 [- 0.03; 0.02]

Hg).

lipoprotein cholesterol (mg/dL).

globulin (nmol/L).
sterone/SHBG) x 100].
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In addition, Khovidhunkit et al. [22] noted that low HDL-C may
not only be related to abnormal lipid metabolism, but also to
infection and inflammation. This is linked to the fact that certain
HDL subclasses are intended to fight infections, especially parasitic,
and inflammation. Therefore, one may speculate that low HDL-C in
the study population could be related to higher rates of chronic or
acute infections and inflammation, as observed in many regions in
sub-Saharan Africa [22,23].

It is worth noting that people of African descent usually have
normal-to-low fasting and nonfasting TG levels [24,25]. Thus, the
mean values> 100mg/dL observed in this study could be consid-
ered as relatively high, even if it does not exceed the threshold of
150mg set in the current MetS definition.

As for the other extraglycemic components of the MetS (hy-
pertension, central obesity), an influence on prostatic hypertrophy
was not observed in this study. This finding could be due to the size
of the analyzed sample and which could have made the study
underpowered.

Despite numerous reports on the concomitance of BPH and hy-
pertension, there is no consistent pathway for formally establishing a
causation link between these two common acquired conditions
[26e29], even though increased sympathetic activity was hypothe-
sized as overlapping pathophysiological factor for both ailments [27].

Men with central obesity (ie. with a waist circumference
>90 cm) are more likely to have a higher IPSS and larger prostate
volume than men without central obesity. This finding implicates
the need to manage both conditions simultaneously, and to adop-
tion parallel preventive strategies.

Cohen [30] advanced an attractive “hypogonadal-obesity-
increased intra-abdominal pressure (IAP)eBPH-LUTS connection”
hypothesis for the development of BPH. Accordingly, increased IAP
due to central obesity may damage venous valves in internal
spermatic veins, leading to reflux of blood containing high con-
centrations of testosterone to the prostate, via the communicating
prostatic venous system. Simultaneously, increased aromatase ac-
tivity was observed in the fat tissues, leading to decreased whole-
body testosterone levels.

Overall, high systolic blood pressure, reduced serum HDL-C, and
relatively increased serum TG added as extra-glycemic components
of the MetS in this study. Despite being similarly represented in the
two groups, they were not associated with PV.

Contrarily, prostate volume was associated with fasting insulin
levels in the diabetic population. Therefore it could be inferred that
abnormal glucose metabolism including insulin resistance,
compensatory hyperinsulinemia, glucose intolerance and subse-
quent diabetes, may play a substantial role in prostate hypertrophy.
Although there is a proportional relationship between an
increasing MetS score and decreased insulin sensitivity, it has been
demonstrated to date only in Caucasian populations, and such a
relationship may not de facto exist in sub-Saharan Africa, at least by
applying the current criteria defining hypertriglyceridemia, which
seem unsuitable for Bantu populations [24,25,31].

Several reports have also substantiated the hypothesis that
abnormal glucose homeostasis may negatively affects circulating
sex hormones levels [32,33].

In this study, total testosterone levels were significantly lower in
diabetics, confirming previous studies [34]. Interestingly, testos-
terone level showed an inverse association with PV, and this as-
sociation was stronger in diabetics. (Tables 2 and 3).

Unlike several studies showing that SHBG concentrations are
altered in diabetics [35], results gathered from this study did not
find any difference in SHBG between the two populations. We hy-
pothesize that the low testosterone level seen in diabetics could be
the result of a decrease in production rather than higher levels of
SHBG.
Accordingly, the free androgen index, which represents the ratio
[(total testosterone/SHBG) x 100], showed the same trend than
testosterone.

Numerous studies reported a link between T2DM and low
testosterone levels, even though the underlying mechanisms for
this association are unclear.

A first group of authors envisioned age, stating that both the
prevalence and incidence of diabetes and hypogonadism increase
with ageing [35]. However, in our study population, age was not
statistically different between the groups.

The second mechanism is central obesity. Various studies
mentioned increased aromatase activity in excess abdominal fat. This
enzyme rapidly transforms testosterone into estrogen [30,36]. How-
ever, such hypothesis does not hold in the present study, in which
central obesity was remarkably infrequent in both groups. (Table 1).

A more likely candidate to account for low testosterone levels in
diabetics is abnormal glucose homeostasis, as chronic hyperglyce-
mia negatively affects testosterone production [32]. Therefore, a
hypogonadism thus generated may promote prostatic hypertrophy.

On the other hand, some authors noted that a low testosterone
level was associated with the onset of diabetes. According to these
studies, testosterone replacement therapy (TRT) could be beneficial
on overall glucose homeostasis, by increasing skeletal muscle mass,
by decreasing adipose tissue, thereby improving whole-body in-
sulin sensitivity [33e37].

In a meta-analysis, Ding et al. [38] found such a strong rela-
tionship between hypogonadism and T2DM that they that they
proposed a lowered testosterone level as a predictor of T2DM.
However, longitudinal prospective studies are required to ascertain
whether such an hypothesis is applicable to sub-Saharan Africans.

5. Conclusion

Our data show that standard MetS components are not linked to
prostatic hypertrophy. However, abnormal glucose homeostasis
determinants are thought to play a substantial role in driving
prostatic hypertrophy, possibly by modulating circulating sex hor-
mones levels without altering SHBG concentration.

Given these, it might be useful to include testosterone dosage in
diabetic monitoring, while considering LDL-C assessment and
control as potential preventive strategies for BPH in both diabetic
and non-diabetic subjects.
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