
Heliyon 7 (2021) e08391
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
High degree of prostate related LUTS in a prospective cross-sectional
community study in Ghana (Mamprobi)

George A. Asare a,**, Derick S. Sule b, Jared N. Oblitey b, Reese Ntiforo b, Bernice Asiedu a,
Brodrick Y. Amoah a, Emmanuel L. Lamptey b, Daniel K. Afriyie c, Benard Ohene Botwe b,*

a Chemical Pathology Unit, Department of Medical Laboratory Sciences, School of Biomedical & Allied Health Sciences (SBAHS), University of Ghana, P. O Box KB 143,
Korle Bu Campus, Ghana
b Department of Radiography, School of Biomedical & Allied Health Sciences (SBAHS), University of Ghana, P. O Box KB 143, Korle Bu Campus, Ghana
c Department of Pharmacy, Ghana Police Hospital, Cantonments, Accra, Ghana
A R T I C L E I N F O

Keywords:
Lower urinary tract symptoms (LUTS)
Benign prostatic hyperplasia (BPH)
Prostate volume
Metabolic syndrome (MetS)
* Corresponding author.
** Corresponding author.

E-mail addresses: george.asare@gmail.com (G.A.

https://doi.org/10.1016/j.heliyon.2021.e08391
Received 28 July 2021; Received in revised form 1
2405-8440/© 2021 Published by Elsevier Ltd. This
A B S T R A C T

Background: Changing voiding patterns, volume and frequency, may sometimes be mistaken for anxiety, stress or
increase in fluid consumption. In the aging male population, the commencement of lower urinary tract symptoms
(LUTS) may be silent and perceived as “normal” and unrelated to Benign prostatic enlargement (BPE). The
purpose of the study was to determine the prevalence of apparently “silent LUTS” (perceived asymptomatic LUTS)
in men in a Ghanaian Community as well as its underlying risk factors.
Methods: One hundred and eleven (111) men (40–70 years) were recruited from a community in Ghana. The
International Prostate Symptoms Score (IPSS) questionnaire (administered in the local language and English) and
ultrasonographic imaging of the prostate volume (PV) were utlized to collect data. IPSS score >7 plus PV > 30
cm3 was definitive of lower urinary tract symptoms. Eighty-one (81) participants were classified “LUTS Negative”
(LN) and 30, “LUTS Positive” (LP). Risk factors i.e., cholesterol (CHOL), triglyceride (TG), high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), very low-density lipoprotein (VLDL), coronary
risk (CR), BMI and Blood Pressure were also determined.
Results: The prevalence of LUTS using only IPSS definition alone was 42.3%. However, IPSS in combination with
Prostate Volume gave a prevalence of 27.0%. LN subjects had enlarged prostate (41.98%) and LP, 100%. Quality
of life (QoL) was better in the LUTS Negative than LUTS Positive group (p < 0.001). In the univariant analysis
coronary risk, triglyceride and VLDL contributed to LUTS (p ¼ 0.023, 0.22, 0.22, respectively). In a multivariant
analysis HDL-C (p ¼ 0.027), BMI (p ¼ 0.047) and triglyceride (p ¼ 0.019) significantly contributed to LUTS.
Conclusions: The prevalence of LUTS (42.3%) is high. Components of Metabolic Syndrome- HDL-C, BMI, and
coronary risk were associated with LUTS. This emphasizes the need for community education.
1. Introduction

Male populations in their mid-years need to pay extra attention to
physiological changes including urodynamics. Changing voiding pat-
terns, volume and frequency, may sometimes be mistaken for anxiety,
stress or increase in fluid consumption. However, the occurrence of poor
voiding characteristics such as nocturia, frequency, urgency are sugges-
tive of lower urinary tract symptoms (LUTS) [1]. With time as symptoms
advance, LUTS become obvious and the quality of life (QoL) is affected.
Asymptomatic bladder outlet obstruction (BOO) may therefore be
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ignored, while sub-clinical benign prostatic hyperplasia or enlargement
(BPH/BPE) may be over-treated for LUTS [2]. BPH is a laboratory diag-
nosis which is histologically determined, whiles prostate enlargement is
clinically diagnosed [3, 4]. The severity and impact of these conditions
can be assessed using the International Prostate Symptoms Score (IPSS)
where a score >7 is considered symptomatic and QoL score more >3, a
significant bother (Madersbacher et al., 2004). A combination of IPSS and
enlarged prostate >30 cm is definitive of the presence of LUTS [5].

Metabolic syndrome (MetS), comprising obesity and abnormalities of
triglyceride (TG), high density lipoprotein cholesterol (HDL-C), fasting
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plasma glucose (FBG) and blood pressure (BP), correlate strongly with
LUTS and BPH (NCEP ATP III) [6]. Prostate enlargement leads to a
protrusion into the bladder, bladder neck or urethral lumen. The severity
of the symptoms do not correlate well with the degree of enlargement as
well as prostate specific antigen (PSA) levels [7, 8]. BPH may arise from
the transition zone or the periurethral glands, causing LUTS and subse-
quently obstructing urinary and ejaculatory flow. In order to evaluate
LUTS qualitatively, the IPSS questionnaire was adopted [6, 9]. In the
aging male population, the commencement of LUTS may be silent and
perceived as “normal” and unrelated to BPE. The study aimed at deter-
mining the magnitude of apparently “silent LUTS” (perceived asymp-
tomatic LUTS; the presence of partial indicators of the classic clinical
symptoms, without the respondent being aware of the impingement upon
the quality of life that we used the term “silent LUTS) in men in a Gha-
naian community as well as the risk factors. In this study, a combination
of IPSS >7 and enlarged prostate >30 cm3 was definitive of the presence
of LUTS [6].

2. Methods

This was a prospective study involving residents of a small suburb of
Accra. Male participants aged 40–70 years were invited to freely
participate. One hundred and eleven (111) participants were recruited.
Participants filled the necessary consent forms. The study was approved
and ethics clearance number SBAHS-MLS/10570421/SA/2018–2019
issued. Furthermore, the study was conducted in accordance with the
Helsinki Declaration of 1964 (revised in October, 2008).

Men on catheter or those who had undergone prostatectomy; those
with associated anal lesion precluding such as third-degree hemorrhoids,
prostate cancer, were also excluded.

The IPSS questionnaire is made up of eight (8) major questions.
Seven questions focused on incomplete emptying, frequency, intermit-
tency, urgency, weak stream, straining and nocturia. Answers were
graded from zero (0) to five (5) representing the increasing severity of
the symptoms of urinary dysfunction. The eighth question sought to
elicit answers such as, being delighted, pleased, mostly satisfied, mixed-
about equally satisfied and dissatisfied, mostly dissatisfied, unhappy and
terrible, if the person had to spend the rest of his life with the condition.
This was scored on a scale of zero (0) to six (6). The higher the score, the
poorer the QoL. IPSS was administered both in the English language and
local language for clarity and emphasis in order to remove every shadow
of doubt.

An amount of 3 mL of (10–12 h) fasting venous blood was collected
from each participant between 6:30 and 9:00 am. Blood was discharged
into a fluoride and serum separator tubes. Fluoride tube samples were
centrifuged at 3000 rpm for 15 min within the shortest possible time.
Plasma was aliquoted. Gel separator tube samples were centrifuged at
5000 rpm for 10 min and sera aliquoted into Eppendorf tubes. Both
plasma and sera were stored at -20 �C for later analysis.

Participants stood barefooted on the Seca stadiometer (Hamburg,
Germany). Height was obtained to the nearest 0.1 cm. For weight, par-
ticipants retained light clothing while the sole of each foot made contact
with the bio-impedance zones of the Seca 770 scale (Hamburg, Ger-
many). Weight was measured to the nearest 0.1kg. BMI was calculated as
the ratio of weight (kg) to height (m) square. Systolic and diastolic blood
pressure was measured twice (5 min apart) after participants sat for at
least 15 min, using Omrion 785 auto-inflating BP machine and the mean
recorded.

Prostate specific antigen (PSA) concentration was measured using a
96-well enzyme-linked immunosorbent assay (ELISA) test kit from
Human (Germany). The test was conducted according to the manufac-
turer's instructions using the principle of sandwich ELISA technique. The
final chromogen was read at 450 nm.

Plasma glucose determination using the Mindray glucose hexokinase
(HK) method on Mindray BS-400 Chemistry Analyzer (Shenzen, China)
was performed according to the manufacturer's instructions.
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Lipid profile consisting of Total Cholesterol (TC), Triglycerides (TG),
HDL, LDL and VLDL and was performed on sera using a VITROS 5.1 FS
Chemistry Analyzer (Rochester, NY, United States of America). The
VITROS 5.1 FS Chemistry Analyzer uses the enzymatic method and was
used to determine the concentration of the various parameters in the
serum samples at particular wavelengths. The tests were carried out on
the analyzer using the manufacturer's protocol.

The participants were evaluated using a Siemens SONOLINE SSI-6000
ultrasound machine with a 7.5-MHz transrectal end fire probe and a
3.5MHz curvilinear probe. The prostate was imaged in its entirety in at
least 2 orthogonal planes (longitudinal and coronal) from the apex to the
base of the gland. Color and power Doppler sonography was used in
detecting areas of increased vascularity. The periprostatic fat and neu-
rovascular bundle was evaluated for symmetry and echogenicity. The
transverse, anteroposterior, and longitudinal dimensions of the transition
zone (TZ) were measured in the same planes in which the total prostate
dimension was determined. The total prostate volume and TZ volume
were calculated electronically using the Prolate Ellipsoid Formula (length
� height � width � 0.5236 (pi/6) in-built into the ultrasound machine.

Categorical data were presented as frequencies and percentages. For
continuous variables, means and standard deviations were compared
with students’ t-test when normally distributed. For skewed data, median
and interquartile ranges were compared using Mann-Whitney test.
Additionally, simple and multiple logistic regression analyses with for-
ward stepwise procedure was used. Univariate analysis and multiple
linear regression were performed to reveal the relationships among
different clinical parameters and PV. Pearson correlation analysis was
performed to determine the association of risk factors with IPSS and
Prostate Volume. The analyses were conducted with Statistical package
for the Social Sciences (SPSS) V.22.0 software (IBM Corporation). Two-
side p � .05 was considered statistically significant.

3. Results

The peak age was in the 61–70 years category (35.14%0 which was
closely followed by 51–60 years (34.23%). Majority of the participants
were married (76.57%). With regard to education, about 40% (39.64%)
completed Junior High School, and about a quarter received tertiary
education (22.5%). Majority of the participants (39.64) were retired
people and only 9% were unemployed. More than half (54.95) belonged
to the low income bracket and 10% earned high income. Only 2.2% of the
respondents were smokers (Table 1).

From the frequency figure, abnormal IPSS levels in the LP group was 5
times that of LN (100.0% and 20.99%, respectively). For high PSA 77.7%
was found in the LN group compared to 56.67% in the LP group. Obesity
was slightly lower in the LN group compared to the LP group (21.25%
and 26.67%, respectively) group. Pre-diabetes was 73.75% in the LN
group compared to 60.0% in the LP (Figure 1).

When the data was stratified according to age (<50 years and �50
years) alongside possible LUTS risk factors, blood pressure was signifi-
cantly different (p ¼ 0.003) with those below 50 years having a higher
blood pressure. For all other parameters except fasting plasma glucose
(FPG), those at 50 years and above had higher results, though not sig-
nificant (Table 2).

From Table 3, continuous variables such as age was significantly
different (p ¼ 0.003) with LP being higher than LN (57.69 � 10.92 and
63.96 � 8.95 years, respectively). Triglyceride, CR, and VLDL were
significantly higher in the LP group compared to the LN group (p ¼
0.036, p ¼ 0.041 and p ¼ 0.36, respectively). BMI was higher in the LP
group than the LN group (p ¼ 0.037).

Data from Table 4 showed significant differences (p < 0.001) in PSA
of LN and LP groups [2.68 (2.25, 3.48) and 3.5 (2.77, 9.59) ng/ml,
respectively]. Prostate volume was 34.28 � 15.06 cm3 for LN and 53.94
� 32.02 cm3 for LP (p < 0.001). Transrectal ultrasound (TRUS) prostate
volume was 34.75 � 14.76 and 54.71 � 33.15 cm3 for LN and LP,
respectively (P < 0.001). The TZ volume followed a similar pattern with



Table 1. Sociodemographic characteristics of the cross-sectional male partici-
pants of the study within the Community- Frequencies of Categorical Data.

n (%)

Age class (years) 40–50 20 (18.02)

51–60 38 (34.23)

61–70 39 (35.14)

>70 14 (12.61)

Marital status Married 85 (76.57)

Single 9 (8.12)

Divorced 7 (6.31)

Widowed 10 (9.00)

Level of education Primary 4 (3.60)

Junior High School 44 (39.64)

Senior High School 38 (34.23)

Tertiary 25 (22.52)

Employment status Unemployed 10 (9.01)

Self-employed 21 (18.92)

Government employed 24 (21.62)

Non-government employed 12 (10.81)

Retired 44 (39.64)

Income status Low income 61 (54.95)

Middle income 38 (34.23)

High income 12 (10.91)

Smoking habits Never smoked 81 (73.2)

Previously smoked 27 (24.6)

Currently smokes 3 (2.2)

Key: Low income �$500/mo; Middle income >$500 - $1500/mo; High income
> $1500/mo.
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higher values in the LP compared to the LN groups (p < 0.001). IPSS and
QoL were significantly different in the LP group, compared to the LN
group (p < 0.001).

Lipid profile parameters were significantly contributors to LUTS (p <

0.05) apart from HDL and LDL cholesterol. PSA and age were also sig-
nificant factors predictive of LUTS (p ¼ 0.017, p ¼ 0.008, respectively
(Table 5).

Multivariate factors related to LUTS and prostate volume included
PSA (p¼ 0.007), elements of MetS [FPG (p¼ 0.023), HDL-C (p¼ 0.027),
TG (p ¼ 0.019), and BMI (p ¼ 0.047)] (Table 6).

In Table 7 PSA for normal prostate volume (NV) (<30 cm3) was 2.57
(2.16, 3.06) cm3 and abnormal volume (AV) (>30cm3) 2.96 (2.66, 7.55)
cm3 (p < 0.002). TRUS PV was 26.8 � 5.97 cm3 (NV) and 49.83 � 25.75
cm3 (AV) (p < 0.001). The TRUS TZ was 8.17 � 3.58 cm3 and 22.58 �
21.93 cm3 for NV and AV, respectively (p < 0.001).

Factors correlating with PV and IPSS are presented in Table 8.
Common parameters between the two such as age and PSA correlated
fairly with IPSS and PV, although PV correlations were more than IPSS.
There was a slight correlation between IPSS and CR (r ¼ 0.174, p ¼
0.041). However, BMI correlated with PV (p ¼ 0.046). Others were
systolic blood pressure (r ¼ 0.340, p ¼ 0.000) and diastolic blood pres-
sure (r ¼ 0.293, p ¼ 0.002).

4. Discussion

The prevalence of LUTS using IPSS alone was 42.3%. However, IPSS
in combination with Prostate Volume gave a prevalence of 27.0%. In a
2004–2006 population-based study of 950 men (50–74 years) conducted
in Accra had a prevalence of 19% using IPSS [10]. In a 2016
hospital-based study at the second largest teaching hospital in Ghana
(Komfo Anokye Teaching Hospital) LUTS was reported to be 88.89%.
This high figure may be attributed to the nature of the study which was
cross-sectional and hospital based [11]. A study done in Uganda, had a
prevalence rate of 40.5% with a cohort of 415 men aged >55 years [12].
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In Nigeria the prevalence of LUTS suggesting BPH in a clinic-based study
was 72.2. [13] From the afore-mention it is obvious that
clinic/hospital-based studies have a higher prevalence than
community-based studies. Our prevalence of 42.3% is close to that of the
Uganda studies (40.5%).

Studies have demonstrated that MetS as well as its individual com-
ponents are independent risk factors for LUTS/BPH [14].

In our study, the use of TRUS was advantageous, as this scanning
technique allowed a better visualization of the central, transition and
peripheral zones of the prostate gland. Both the univariate and multi-
variate analysis did not show cholesterol to be a risk factor for LUTS and
enlarged PV (Tables 5 & 6). However, HDL-C was (Table 6). Similarly, in
the REDUCE study, total cholesterol was not a risk factor for LUTS
development but HDL-C was significantly associated with LUTS [15]. On
the contrary, some clinical and epidemiological studies seem to suggest a
positive association between high serum cholesterol levels and LUTS
[16]. Elevated cholesterol is associated with prostate cell proliferation
[17]. Perhaps cholesterol alone may not be the culprit, but detrusor
overreaction and poor bladder control occurs with hyperlipidaemia [18].

VLDL, was significantly associated with LUTS (p ¼ 0.022) (Table 5).
Over production of VLDL is as a result of increased triglyceride and a
reduced lipoprotein lipase in the peripheral tissue, mostly associated
with insulin resistance, and diabetes, a factor for MetS [19].

Pre-diabetes twice higher in the LP group compared to the LN group
(Figure 1). Obesity on the other hand was thrice higher in the LN group
than the LP group. However, BMI was significantly higher in the LP group
than the LN group (Table 3). Fowke et al. [20] also showed that obesity
was independently associated with prostate volume and a possible un-
derpinning mechanism shown animal studies [21].

Although none of the lipid profile parameters had a significant cor-
relation with prostate volume, CR (CHOL/HDL-C) correlated with IPSS
(Table 6). Cardiovascular disease (CD) risk, assessed by the TG/HDL-C
ratio is related to MetS. In one study, both univariate and multivariate
analysis demonstrated that CD risk factor correlated with PV [22]. Others
did not find any association of LUTS and MetS or the components thereof
[23]. However, in our univariate analysis, CR was further associated with
LUTS (p¼ 0.023) (Table 3). Similarly, in the study of Sandfeldt and Hahn
[24], large prostate glands posed a high risk to cardiovascular disease
development compared with men who had smaller prostate glands. Our
results are consistent with that of Parsons et al. [25] who observed that
CR was associated with the pathogenesis of BPH and significant positive
associations of IPSS and CVD risk [26]. Endothelial dysfunction has been
assigned as one possible reason for this [27].

A significant correlation existed between systolic/diastolic blood
pressure and prostate volume (Table 6). Guven et al. [28] also observed
that increasing blood pressure correlated with increasing LUTS perhaps
through inducing bladder sympathetic hyperactivity.

Systolic and diastolic blood pressure significantly correlated prostate
volume (p < 0.000 and p ¼ 0.002, respectively) but not IPSS score
(Table 8). One study has reported a probability of 1.54 times higher
chance of increased prostate volume with higher blood pressure [29] and
another study however, indicated that hypertensives had higher IPSS and
prostate volume [30] and worsen LUTS. Blood catecholamine levels are
reported to be higher in systolic BP patients [31]. Such high levels affect
the lumbosacral cord which in turn affects voiding frequency as well as
prostatic smooth muscle tone [31]. The linear regression analysis of this
study significantly linked BP to prostate volume. Similar results were
obtained by others where an association was obtained between hyper-
tension and BPH independent of age [28]. On the contrary Zeng et al.
[32] have proposed no association between hypertension and BPH.

In this study we investigated 111 apparently healthy men who were
classified as either LN or LP, based on IPSS >7 and prostate volume >30
cm3. Those without LUTS were slightly younger than those with LUTS
(51–60 years). It does appear that at a lower age, LUTS symptoms maybe
occult or silent or “normal” as described by others. In this study, par-
ticipants were allowed to fill their own IPSS questionnaire and this



Table 2. Showing possible Risk Factors associated with LUTS when stratified by age using Students t test on descriptive data of participants.

Age (Years) N Mean � SD p-value

Total Cholesterol (mmol/L) >50 91 4.81 � 1.18 0.090

�50 20 5.22 � 1.12

Triglyceride (mmol/L) >50 91 1.85 � 0. 45 0.090

�50 20 2.01 � 0. 43

LDL (mmol/L) >50 91 3.47 � 0.94 0.687

�50 20 3.55 � 0.91

HDL-C (mmol/L) >50 91 0.89 � 0.24 0.687

�50 20 0.92 � 0.24

Systolic BP (mmHg) >50 91 147.01 � 27.68 0.003

�50 20 132.93 � 20.03

FPG mmol/L >50 91 5.71 � 1.78 0.849

�50 20 5.66 � 1.04

LDL ¼ Low density lipoprotein, HDL ¼ High Density Lipoprotein, FPG ¼ Fasting plasma glucose, BP ¼ Blood pressure.

Figure 1. Frequency of various parameters when data was stratified by the absence (LN) or presence (LP) of Lower Urinary Tract Symptoms (LUTS). IPSS ¼ In-
ternational Prostate Symptoms Score, PSA ¼ Prostate Specific Antigen (ng/ml), BMI ¼ Body Mass Index (Kg/m2), FPG ¼ Fasting Plasma Glucose (mmol/l), Normal PV
– Prostate Volume �30 cm3, Normal IPSS - � 7.
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approach of patient-reporting assessment has been validated as better by
Viktrup et al. [33].

Although LUTS might affect QoL, poor bladder emptying could lead
to an increase in the sympathetic nervous system activity, hence high
blood pressure [28]. Historically LUTS has been associated with bladder
outlet obstruction/prostate enlargement. The causal relationship has
however not been established even though both conditions are
4

age-related. Furthermore, not all issues related to bladder symptoms are
linked to prostate enlargement.

The reliability of the bladder volume alone in the analysis of LUTS is
questionable, as LUTS are not disease specific. However, the bladder may
be central as over-reactivity of the detrusor and may be the culprit
through the malfunction of the detrusor muscle. Recent studies further
support the idea of asymptotic histological inflammation of the prostate



Table 3. Statistical analysis of factors related to metabolic syndrome (MetS) stratified by the absence or presence of Lower Urinary Tract Symptoms (LUTS) using
Students t test on descriptive data of participants.

LUTS N Mean SD P-value

Age (years) Negative 81 57.69 10.92 0.003

Positive 30 63.96 8.95

FPG (mmol/L) Negative 81 5.23 0.59 0.442

Positive 30 5.35 0.75

Total cholesterol (mmol/L) Negative 76 4.90 1.17 0.143

Positive 27 5.32 1.30

HDL-C (mmol/L) Negative 76 0.92 0.24 0.402

Positive 27 0.87 0.26

Triglyceride (mmol/L) Negative 76 1.11 0.58 0.036

Positive 27 1.47 0.78

Coronary risk Negative 76 7.68 2.22 0.041

Positive 27 9.01 2.97

VLDL (mmol/L) Negative 76 0.50 0.26 0.036

Positive 27 0.67 0.35

LDL-C (mmol/L) Negative 76 3.25 1.36 0.658

Positive 27 3.40 1.61

Systolic BP (mmHg) Negative 77 138.82 23.61 0.119

Positive 29 149.68 33.75

Diastolic (mmHg) Negative 77 86.53 19.41 0.503

Positive 29 89.58 20.82

BMI (Kg/m2) Negative 81 26.43 4.09 0.037

Positive 30 28.26 4.13

FPG¼ Fasting Plasma Glucose, BMI¼ BodyMass Index, HDL-C¼High density lipoprotein, VLDL¼ Very Low density Lipoprotein, LDL-C¼ Low density lipoprotein, BP¼
Blood pressure.

Table 4. Statistical analysis of parameters related to prostate enlargement when data was stratified according to the absence of presence of Lower Urinary Tract
Symptoms (LUTS) using Mann-Whitney test.

LUTS P-value

Negative Positive

Mean (SD) Median Mean (SD) Median

PSA (ng/mL) 5.56 (8.49) 2.68 (2.25,3.48) 11.71 (15.82) 3.5 (2.77, 9.59) 0.001

Full_BV(cc) 266.42 (160.45) 225.24 (160.82, 308.23) 194.11 (106.66) 185.96 (115.01, 232.88) 0.019

Total_PV (cc) 34.28 (15.06) 28.51 (24.16,37.66) 53.94 (32.02) 45.36 (35.46, 61.30) <0.001

IPSS_Score 5.7 (4.48) 5 (3, 7) 12.8 (5.73) 12 (10.0, 14.0) <0.001

RUV (cc) 33.67 (63.91) 11 (1.50, 35.82) 26.85 (40.91) 9.48 (0.73, 45.45) 0.846

TRUS_PV_mean (cc) 34.75 (14.76) 31.73 (24.61, 40.57) 54.71 (33.15) 45.29 (35.70, 63.48) <0.001

TRUS_TZV (cc) 12.3 (9.13) 9.48 (6.66, 27.23) 27.23 (29.50) 20.09 (14.50, 26.40) <0.001

QoL 1.73 (1.73) 1 (0, 2.50) 3.23 (1.91) 3 (2.0, 5.0) <0.001

PSA ¼ Prostate specific antigen, Full BV ¼ Full Bladder volume, PV ¼ prostate volume, IPSS ¼ International Prostate Score, RUV ¼ Residual urine volume, TRUZ PV ¼
Transrectal ultrasound of prostate volume, TRUZ_TZV ¼ Transrectal ultrasound of transition zone prostate, QoL ¼ Quality of life.

Table 5. Inferential statistics - Univariate Analysis of parameters in relation to Lower Urinary Tract Symptoms (LUTS).

Variables in the Equation

95% C.I. for EXP(B)

Sig Exp (β) Lower Upper

Age (years) 0.008 1.063 1.016 1.112

PSA (ng/mL) 0.017 1.044 1.008 1.081

FPG (mmol/L) 0.388 1.341 0.688 2.614

Total cholesterol (mmol/L) 0.121 1.336 0.927 1.926

HDL-C (mmol/L) 0.376 0.445 0.074 2.672

Triglyceride (mmol/L) 0.022 2.153 1.117 4.152

Coronary risk (CR) 0.023 1.234 1.029 1.480

VLDL (mmol/L) 0.022 5.364 1.269 22.674

LDL-C (mmol/L) 0.627 1.077 0.799 1.451

Systolic BP (mmHg) 0.071 1.014 0.999 1.030

(continued on next page)
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Table 6. Inferential Statistics - Multivariate Analysis of parameters in relation to Lower Urinary Tract Symptoms (LUTS).

Variables in the Equation

95% C.I. for EXP(B)

Sig Exp (β) Lower Upper

Age (years) 0.865 0.994 0.922 1.070

PSA (ng/mL) 0.007 1.098 1.026 1.174

FPG (mmol/L) 0.023 4.166 1.217 14.254

Total Cholesterol (mmol/L) 0.105 1.545 0.914 2.612

HDL-C (mmol/L) 0.027 0.031 0.001 0.676

Triglyceride (mmol/L) 0.019 3.478 1.224 9.880

Systolic BP (mmHg) 0.226 1.021 0.987 1.056

Diastolic BP (mmHg) 0.485 0.981 0.931 1.034

Body Mass Index (Kg/m2) 0.047 1.310 1.003 1.711

PSA ¼ Prostate specific antigen, FPG ¼ Fasting plasma glucose, HDL-C¼High density lipoprotein cholesterol, BP ¼ Blood pressure.

Table 5 (continued )

Variables in the Equation

95% C.I. for EXP(B)

Sig Exp (β) Lower Upper

Diastolic BP (mmHg) 0.484 1.008 0.986 1.030

Body Mass Index (Kg/m2) 0.037 1.121 1.007 1.248

PSA¼ Prostate specific antigen, FPG¼ Fasting plasma glucose, HDL-C¼High density lipoprotein cholesterol, LDL-C¼ Low density lipoprotein cholesterol, VLDL¼ Very
low-density lipoprotein, BP ¼ Blood pressure.

Table 7. Non-parametric data analysis of factors stratified by prostate volume by the Mann-Whitney test.

PV GRADE PV GRADE P-value

<30 cm >30 cm

Mean (SD) Median Mean (SD) Median

PSA 4.35 (5.86) 2.57 (2.16, 3.06) 8.7 (12.88) 2.96 (2.66,7.55) 0.002

Full_BV 271.56 (166.03) 228.9 (168.55, 314.7) 225.98 (136.76) 207.2 (137.16, 270.69) 0.098

Total_PV 24.94 (3.37) 24.89 (22.31, 28.09) 50.33 (24.6) 44.21 (34.84, 60.74) <0.001

IPSS_Score 6.55 (5.53) 5 (3,9) 8.51 (5.84) 7 (5,12) 0.016

RUV 32.82 (69.38) 9.32 (1.44, 37.56) 30.81 (48.95) 12.06 (1.48,37.87) 0.814

TRUS_PV_mean 26.8 (5.97) 25.58 (22.47, 31.5) 49.83 (25.74) 42.61 (36.16, 58) <0.001

TRUS_TZV 8.17 (3.58) 7.62 (5.81, 9.62) 22.58 (21.93) 17.88 (13.5, 24.46) <0.001

Triglyceride 1.1 (0.63) 0.85 (0.73, 1.29) 1.3 (0.67) 1.1 (0.82, 1.58) 0.042

CR 7.82 (1.87) 7.44 (6.7, 9.22) 8.14 (2.92) 7.48 (5.65, 9.96) 0.881

VLDL 0.5 (0.29) 0.39 (0.33, 0.59) 0.59 (0.3) 0.5 (0.37, 0.72) 0.042

LDL-C 3.41 (1.22) 3.28 (2.73, 4.14) 3.22 (1.57) 3.36 (2.24, 4.36) 0.569

PSA¼ prostate specific antigen (ng/ml), BV¼ Bladder volume (cm3), PV¼ Prostate volume (cm3), IPSS¼ International prostate Symptoms Score, RUV¼ Residual Urine
Volume (cm3), TRUS PV¼ transrectal ultrasound prostate volume (cm3), TRUZ TZV¼ transrectal ultrasound transition zone volume (cm3), Triglyceride (mmol/l), CR¼
coronary risk, VLDL ¼ very low density lipoprotein (mmol/l), LDL-C ¼ low density lipoprotein cholesterol (mmol/l).

Table 8. Correlational analysis between prostate volume (PV) and the International Prostate Symptoms Score (IPSS) against measured parameters using Pearson
correlation analysis.

IPSS PV GRADE

r p-value r p-value

Age (years) 0.185 0.033 0.388 0.000

PSA (ng/mL) 0.165 0.050 0.217 0.017

FPG (mmol/L) 0.139 0.084 -0.046 0.327

Total-cholesterol (mmol/L) 0.044 0.333 0.058 0.287

HDL-C (mmol/L) -0.156 0.060 -0.052 0.308

Triglyceride (mmol/L) 0.115 0.127 0.163 0.056

CR 0.174 0.041 0.117 0.128

VLDL (mmol/L) 0.115 0.128 0.163 0.057

LDL-C (mmol/L) 0.052 0.304 0.030 0.386

(continued on next page)
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Table 8 (continued )

IPSS PV GRADE

r p-value r p-value

Systolic BP (mmHg) 0.149 0.070 0.341 0.000

Diastolic BP (mmHg) 0.062 0.271 0.293 0.002

Body Mass Index (Kg/m2) 0.039 0.349 0.172 0.046

PSA ¼ prostate specific antigen, FPG ¼ fasting plasma glucose, HDL-C ¼ high density lipoprotein cholesterol, LDL-C ¼ low density lipoprotein cholesterol, CR ¼
coronary risk, VLDL ¼ Very low density lipoprotein, BP ¼ Blood pressure.

G.A. Asare et al. Heliyon 7 (2021) e08391
(asymptotic BPH) which goes through the process of healing, tissue
remodeling by stromal cells [34], eventual enlargement and the occur-
rence of LUTS. Conversely some patients with histologic BPH do not
show signs of LUTS or have silent LUTS [34].

5. Conclusions

In conclusion, components of MetS that were associated with LUTS
included HDL-C, BMI, BP and CR. There was a sizable percentage
(41.8%) of participants who experienced no symptoms of LUTS and yet
had an enlarged prostate, and increased PSA. The prevalence of LUTS
(42.3%) as observed in this study is high. Components of Metabolic
Syndrome- HDL-C, BMI, blood pressure and coronary risk were associ-
ated with LUTS.
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