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Abstract

Objective It has been hypothesized that endothelial dysfunction and pelvic atherosclerosis may contribute to lower urinary
tract symptoms (LUTS). We assessed the relationship between cardiovascular risk factors and LUTS severity in male patients
presented to urology clinic.

Methods It is a cross-sectional study on patients who presented between 2013 and 2015 with LUTS. A total of 1176 male
patients were encountered, and 966 were included for analysis after excluding patients with urinary tract malignancy, urethral
stricture, bladder stone and history of urinary tract surgery. Cardiovascular risk factors including components of Framing-
ham risk score, body mass index, uroflowmetry, International Prostate Symptoms Score, fasting blood glucose and serum
prostate-specific antigen (PSA) were assessed. Correlation between Framingham risk score, cardiovascular risk factors and
severity of LUTS was investigated.

Results Multinomial logistic regression analysis showed that severe LUTS significantly associated with Framingham score
(P=0.008) and its components of total cholesterol (OR=1.318; P=0.010) and age (OR =1.032; P=0.006) compare with
mild symptoms. Framingham risk score was found to correlate with storage symptoms (CC=0.083; P <0.0001) but not
voiding symptoms (CC= — 0.029; P=0.185).

Conclusions Severity of LUTS and storage symptom significantly increases Framingham risk score, particularly with the
components of total cholesterol level and age.
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Introduction hyperplasia-related LUTS, the evidence for the associations

is still conflicting for individual components of metabolic

Lower urinary tract symptoms (LUTS) are common among
middle-aged to elderly men [1]. Studies have been carried
out to assess the implication of LUTS, trying to investigate
the association of LUTS beyond the urinary system. The
initial effort looked into the association of metabolic syn-
drome and LUTS, in view of a possible association with
prostatic inflammation and metabolic syndrome [2]. While
metabolic syndrome as a whole is an important determinant
in both the development and progression of benign prostatic
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syndrome [3]. Bouwman et al. investigated the relationship
between LUTS and major cardiovascular diseases [4]. In
their cross-sectional analyses, they revealed a clear corre-
lation. However, such correlation was not evident in their
longitudinal analyses. On the other hand, a meta-analysis
by Gacci et al. suggested a correlation between LUTS and
major adverse cardiac events [5].

It is increasingly recognized that the aetiology of LUTS
extends well beyond prostate enlargement and bladder out-
let obstruction [6]. With the finding that there is a correla-
tion between LUTS and cardiovascular diseases, it may be
explained by the suggestion that both of them share similar
risk factors such as obesity, hypertension, dyslipidaemia,
and ageing. While the association of these cardiovascu-
lar risk factors with adverse cardiac events is well studied
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[7], the evidence on their relationship with LUTS is still
inconclusive.

Framingham risk score was developed from the Framing-
ham Heart Study, and initially was a gender-specific algo-
rithm used to estimate the 10-year coronary heart disease
risk of an individual [8]. The algorithm took into considera-
tion the risk factors of age, smoking status, blood pressure,
cholesterol level and the need of antihypertensive treatment.
We investigated the correlation between LUTS and Framing-
ham risk score, as well as other cardiovascular risk factors.
By doing so, we aimed at having a more comprehensive
understanding of the pathogenesis and implication of LUTS.

Methods

It was a cross-sectional study on male subjects aged 18 years
or above, referred to a tertiary centre urology clinic for lower
urinary tract symptoms, elevated prostate-specific antigen
(PSA) or haematuria from January 2013 to September 2015.
The primary end point of the study was urinary symptoms
severity as determined by International Prostate Symp-
tom Score (IPSS). Secondary end points include different
domains of LUTS in correlation with cardiovascular risk
factors. The study was in compliance with the Declaration of
Helsinki and a written approval from the institution’s ethics
committee was obtained prior to the initiation of the study.

Patients attending the clinic were assessed with general
physical examination, digital rectal examination (DRE),
weight and height measurement, blood pressure measure-
ment and uroflometry. Symptoms assessment was performed
with IPSS. Blood test on serum PSA, fasting blood glucose,
fasting cholesterol level and creatinine were done. Urine
tests including mid-stream urine for culture and micros-
copy, as well we urine cytology, were offered. X-ray of kid-
ney, ureter and bladder (KUB) was available to all patients.
Transrectal ultrasound (TRUS)-guided prostate biopsy was
carried out when there was suspicion of prostate cancer
(abnormal DRE or PSA >4 ng/mL). Flexible cystoscopy
and ultrasound or computer tomography (CT) of the uri-
nary system were executed when patients were suspected of
malignancy in the urinary tract.

Patients with the following features were excluded from
the analysis: (a) patients diagnosed of urinary tract malig-
nancy, (b) patients with history of prostate or bladder sur-
gery, (c) patients with urethral stricture or bladder stone, (d)
patients with history of ketamine abuse, (e) patients with
previous radiotherapy to prostate or bladder.

Framingham risk score was developed under a project of
the National Heart, Lung, and Blood Institute and Boston
University, with an objective to identify the common factors
that contribute to different kinds of heart diseases. The study
was performed in the town of Framingham, Massachusetts,
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and the subjects were assessed every 2 years since 1948.
From the Framingham Coronary Heart Disease Risk Score,
age, gender, smoking status, cholesterol levels, blood pres-
sure, and hypertensive treatments are considered the main
factors to estimate the risk of coronary heart disease [8].
These factors, as well as fasting glucose and body mass
index (BMI), were used to assess the presence of any cor-
relation with LUTS.

SPSS version 21.0 was used for all analyses. P values
<0.05 were considered statistically significant and 95%
confidence interval (CI) was quoted along all analysis.
Continuous variables were compared using Kruskal-Wal-
lis test. Categorical variables were tested by Pearson Chi
squared analysis. Multinomial logistic regressions were
used to determine association between the predictors and
the outcome. Furthermore, the regressions were adjusted by
PSA level and the use of alpha-blockers. The correlations
between cardiovascular risk and irritative symptoms were
assessed by multiple linear regressions.

Results

From January 2013 to September 2015, 1176 patients were
referred to our clinic for assessment. One-hundred and
twenty-nine patients were excluded from the analysis as
they were diagnosed of prostate cancer, bladder cancer or
kidney cancer in the assessment. Other patients excluded
from the analysis were: 30 patients had prostate or bladder
surgery; 12 patients had urethral stricture or bladder stone;
2 patients had history of ketamine abuse; 37 patients had
incomplete data. In the end, 966 subjects were included in
the final analysis of the study.

The mean age of the cohort was 66.73 +10.17 years,
with a mean total PSA 5.99 +6.33 ng/mL and a mean BMI
of 24.18+3.36 kg/m2 (Table 1). As can be seen from the
patient data in Table 1, 53% of our cohort had moderate
LUTS, which was defined as an IPSS 8-19 points. Mild
LUTS (IPSS <£7) accounted for 22%, and severe LUTS
(IPSS 20-35) accounted for the rest. Sixty percent of the
patients had already been on alpha-blocker for the manage-
ment of LUTS before they were referred to our clinic.

When we compared the features between different LUTS
severity, Kruskal-Wallis tests showed that in all the inde-
pendent variables, age (P=0.001) and Framingham risk
score (P=0.026) increased as category of symptoms sever-
ity increased whereas PSA level (P=0.02) decreased with
LUTS severity level (Table 2). In the Chi squared analy-
ses, history of hypercholesterolaemia (P =0.037) and use
of alpha-blockers (P =0.002) were significantly different
between the three severity categories. On the other hand,
BMLI, blood pressure and smoking status did not show any
difference in the three different LUTS severity groups.
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Table 1 Demographics and characteristics of subjects

Variables Value
Number of patients 966
Mean age (years) +SD 66.73+10.17
Mean total PSA (ng/mL)+SD 5.99+6.33
Mean BMI (kg/m?) + SD 24.18+3.36
Mean fasting glucose (mmol/L) +SD 5.71+1.10
Mean total cholesterol (mmol/L) +SD 4.75+0.95
Mean HDL (mmol/L) + SD 1.47+0.41
Mean LDL (mmol/L) +SD 2.72+0.83
Mean triglycerides (mmol/L)+SD 1.23+0.64
Mean systolic BP (mmHg) +SD 136.84 +20.57
Mean diastolic BP (mmHg) +SD 80.85+11.60
Mean Framingham risk score (%) +SD 15.37 (8.16)
Mean total IPSS +SD 14.11+7.55
Mean storage domain score of IPSS +SD 7.02+3.73
Mean voiding domain score of IPSS +SD 7.10+5.31
LUTS severity, n (%)

Mild 213 (22.0)

Moderate 512 (53.0)

Severe 241 (25.0)
Subjects with smoking habit, n (%) 135 (14.0)
Subjects with diabetes mellitus, n (%) 194 (20.1)
Subjects with hyperlipidaemia, n (%) 355 (36.7)
Subjects with hypertension, n (%) 511 (52.9)
Subjects with alpha-blockers, n (%) 579 (60.0)

LUTS severity Mild (IPSS <7); moderate (IPSS 8-19); severe (IPSS
20-35)

SD Standard deviation, PSA prostate-specific antigen, BMI body mass
index, HDL high density lipoprotein cholesterol, LDL low density
lipoprotein cholesterol, BP blood pressure, /PSS international prostate
symptom score; LUTS lower urinary tract symptoms

In Table 3, LUTS severity and its correlation with cardio-
vascular risks were investigated. Upon multinomial logistic
regression of LUTS severity, comparing moderate and severe
LUTS against mild LUTS, Framingham risk score was found
to be significantly correlated (likelihood ratio test Chi square
8.242, P=0.016). When individual component in the algo-
rithm of Framingham risk calculation was assessed individu-
ally, both age and blood cholesterol level were significantly
associated with LUTS severity. Compared to patients with
mild LUTS, patients with severe LUTS were more likely
to be of a more advanced age (OR =1.032 per year, 95%
CI=1.011-1.054), as well as with a higher total cholesterol
level (OR=1.318 per mmol/L, 95% CI=1.069-1.626). In
Table 3, we also considered other cardiovascular risk fac-
tors outside the Framingham risk algorithm, namely BMI
and fasting glucose. It does not affect the finding that age
and total cholesterol level were still being significantly
associated with symptom severity. For fasting glucose,
patients with severe LUTS were less likely to have a higher

fasting blood glucose level (OR =0.864 per mmol/L, 95%
CI=0.749, 0.997) compared to patients with mild LUTS.

As atherosclerosis leading to pelvis and bladder ischae-
mia is postulated to be one of the mechanisms leading to
LUTS [9], we investigated that the relationship between
storage symptoms and cardiovascular risk factors. Storage
symptoms domain of IPSS (frequency, urgency, and noc-
turia) was assessed and possible correlation with cardiovas-
cular risk factors was studied. After PSA level was adjusted,
Framingham risk score was found to be significantly cor-
related with LUTS severity (CC=0.083, 95% CI=0.054,
0.112, P<0.0001) (Table 4). Concerning the individual
component of Framingham risk score, only age and total
cholesterol were significantly associated with storage symp-
toms score. An increase in 1 year of age and 1 mmol/L of
total cholesterol would increase storage symptom score by
0.083 (95% CI=0.059, 0.108) and 0.287 (95% CI=0.039,
0.536), respectively. A similar finding was again noted even
after considering BMI and fasting glucose. On the other
hand, Framingham risk score was not found to be corre-
lated with the voiding symptoms domain of IPSS, which
are incomplete emptying, intermittency, weak stream and
straining to void (CC=-0.029; P=0.185).

Discussion

Both LUTS and cardiovascular diseases are becoming more
prevalent with advancing age [10]. When there is increas-
ing evidence that erectile dysfunction can be an early mani-
festation of coronary artery disease [11], interest has been
gaining momentum in the urology community to investi-
gate if there is a similar association between LUTS and car-
diovascular diseases. One of the theories to suggest such
association was by Karatas et al. [12]. They speculated that
LUTS in particular nocturia induces sleep disturbances. It
would increase the sympathetic activity and, at the same
time, deprive the subject of a normal nocturnal fall in blood
pressure. This non-dipping blood pressure variation may be
an insidious risk factor for cardiovascular diseases.
Concerning the association between LUTS and cardio-
vascular diseases, diverse results were observed in differ-
ent clinical studies. Lightner et al. looked into the asso-
ciation between coronary heart disease and nocturia. Men
<60 years of age were not found to display such association
[13]. Wehrberger et al. assessed the relationship of coro-
nary vascular disease and LUTS in community-dwelling
men [14]. Cross-sectional and longitudinal analyses were
performed with a mean follow-up of 6.1 years. With the
same definition of mild, moderate and severe LUTS as in our
study, Wehrberger et al. revealed that men with severe LUTS
were at increased risk for coronary vascular disease and
stroke. The same observation was not found in the groups
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Table 2 Comparison of
different lower urinary tract
symptoms severity

Table 3 Multinomial logistic
regression of urinary symptoms

severity level and cardiovascular

risk factors

of mild and moderate LUTS. When analysing the data from
a primary care setting database in The Netherlands, Bouw-

Variables LUTS P
Mild Moderate Severe
Number of patients (%) 213 (22.0) 512 (53.0) 241 (25.0)
Mean (SD)
Age (years) 64.65 (10.33) 67.07 (10.27) 67.82 (9.59) 0.0017
Framingham risk score (%) 14.20 (8.15) 15.62 (8.26) 15.89 (7.88) 0.026"
Hypercholesterolaemia, n (%) 63 (29.6) 203 (39.6) 89 (36.9) 0.037*
Alpha-blockers, n (%) 100 (46.9) 306 (59.8) 173 (71.8) 0.002*
Total PSA level (ng/mL) 6.49 (6.04) 6.00 (6.49) 5.54 (6.21) 0.0207
Body mass index (kg/mz) 24.11 (3.74) 24.22 (3.36) 24.15 (3.00) 0.8477
Fasting glucose (mmol/L) 5.83 (1.27) 5.69 (1.03) 5.66 (1.07) 0.566
Total cholesterol (mmol/L) 4.71 (0.96) 4.72 (0.95) 4.84 (0.95) 0.4257
HDL (mmol/L) 1.46 (0.36) 1.47 (0.41) 1.49 (0.45) 0.880"
LDL (mmol/L) 2.70 (0.86) 2.70 (0.82) 2.79 (0.84) 0.807"
Triglycerides (mmol/L) 1.25 (0.60) 1.21 (0.63) 1.24 (0.63) 0.679"
Systolic BP (mmHg) 138.21 (21.65) 136.62 (20.0) 136.10 (20.77) 0.283"
Diastolic BP (mmHg) 82.07 (11.90) 80.67 (11.69) 80.14 (11.09) 0.0817
Smoking habit, n (%) 33 (15.5) 74 (14.4) 28 (11.6) 0.445%
Diabetes mellitus, n (%) 51 (23.9) 105 (20.5) 38 (15.8) 0.089*
Hypertension, n (%) 108 (50.7) 216 (42.2) 127 (52.7) 0.732%

LUTS Lower urinary tract symptoms, SD standard deviation, PSA prostate-specific antigen, HDL high den-
sity lipoprotein cholesterol, LDL low density lipoprotein cholesterol, BP blood pressure

"Kruskal-Wallis test

*Chi square analysis

Predictors Moderate LUTS Severe LUTS
OR (95% CI) P OR (95% CI) P

Framingham risk score 1.027 (1.005, 1.049) 0.015 1.033 (1.009, 1.059) 0.008
The reference category is Mild LUTS. Adjusted by PSA

Components of Framingham risk score
Age 1.023 (1.006, 1.041) 0.057 1.032 (1.011, 1.054) 0.006
Smoking habit 0.925 (0.589, 1.452) 0.734 0.717 (0.412, 1.248) 0.239
Hypertension 0.921 (0.645, 1.313) 0.648 0.796 (0.526, 1.204) 0.279
Total cholesterol 1.105 (0.923, 1.324) 0.276 1.318 (1.069, 1.626) 0.010
The reference category is Mild LUTS. Adjusted by the use of alpha-blockers and PSA level

Different cardiovascular risk factors
Age 1.025 (1.007, 1.043) 0.006 1.034 (1.012, 1.056) 0.002
BMI 1.012 (0.963, 1.064) 0.625 1.011 (0.953, 1.071) 0.723
Smoking habit 0.903 (0.573, 1.421) 0.658 0.696 (0.399, 1.215) 0.203
Hypertension 0.961 (0.665, 1.387) 0.831 0.839 (0.546, 1.290) 0.425
Fasting glucose 0.864 (0.749, 0.997) 0.045 0.842 (0.705, 1.006) 0.058
Total cholesterol 1.085 (0.905, 1.301) 0.378 1.290 (1.044, 1.594) 0.018

The reference category is Mild LUTS. Adjusted by the use of alpha-blockers and PSA level

LUTS severity Mild (IPSS <7); moderate (IPSS 8-19); severe (IPSS 20-35)
LUTS Lower urinary tract symptoms, OR odds ratio, PSA prostate-specific antigen, BMI body mass index

man et al. showed that men with LUTS were not more likely
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to develop cardiovascular diseases, at any time, than men
without LUTS [15].



World Journal of Urology (2019) 37:727-733 731
Table 4 Linear regressio.n of Predictors Coefficients (95% CI) P
storage symptoms score in IPSS
and cardiovascular risk factors Framingham risk score 0.083 (0.054, 0.112) <0.0001
Adjusted by PSA level
Components of Framingham risk score
Age 0.083 (0.059, 0.108) <0.0001
Smoking habit —0.219 (- 0.873, 0.435) 0.511
Hypertension 0.016 (-0.479, 0.510) 0.950
Total cholesterol 0.287 (0.039, 0.536) 0.024
Adjusted by the use of alpha-blockers and PSA level
Different cardiovascular risk factors
Age 0.084 (0.060, 0.109) <0.0001
Body mass index 0.016 (—0.054, 0.085) 0.655
Smoking habit —0.244 (- 0.899, 0.412) 0.466
Hypertension 0.048 (—0.463, 0.559) 0.854
Fasting glucose —0.146 (—0.359, 0.068) 0.181
Total cholesterol 0.271 (0.021, 0.085) 0.034

Adjusted by the use of alpha-blockers and PSA level

PSA Prostate-specific antigen

When a causal relationship between LUTS and car-
diovascular diseases cannot yet be demonstrated in the
literature, effort has been cast to look into a possible link
between LUTS and individual cardiovascular risk factor.
Our study was an attempt to define such association. In our
study, Framingham risk score was found to correlate with
the severity of LUTS. Framingham risk score is based on
an algorithm that estimates the absolute risk of atheroscle-
rotic cardiovascular diseases in general. This general car-
diovascular disease risk function also demonstrates a very
good discrimination and calibration for predicting the risk
of individual cardiovascular disease entity, which includes
coronary heart disease, stroke, intermittent claudication and
heart failure [8]. Such ability is due to these disease enti-
ties sharing a common set of risk factors, and such paral-
lelism is based on an atherosclerosis-based pathogenesis.
The pathogenesis of LUTS is considered to be multifacto-
rial, and some hypotheses have been attributing LUTS to
endothelial dysfunction and pelvic atherosclerosis [9]. In
animal model, Azadzoi et al. showed that atherosclerosis-
induced chronic ischaemia increases TGF-betal expression
in the bladder, which in turn leads to fibrosis, smooth muscle
atrophy and non-compliance [16]. The same animal study
also found that hypercholesterolaemia interferes with blad-
der structure and compliance. Furthermore, ischaemia may
lead to structural changes in the prostate, affecting outlet
resistance [17]. McVary proposed that with atherosclerosis-
induced pelvic ischaemia, the induced autonomic nervous
system hyperactivity, and reduced NOS expression and the
upregulation of Rho-kinase would in the end result in LUTS
[9]. In light of this theory, it is reasonable to suggest that
Framingham risk score correlates with LUTS and our study

confirms such association. Furthermore, our data demon-
strated that Framingham risk score correlates with storage
symptoms but not voiding symptoms in IPSS. Considering
atherosclerosis-induced ischaemia affects predominantly the
bladder with deposition of collagen [18] and urothelial/sub-
urothelial alterations [19], our finding is compatible with the
pelvic ischaemia status. As a result, this reduction in blood
flow, endothelial dysfunction and upregulation of free radi-
cals appears to contribute to bladder overactivity.

In our analysis, age and cholesterol level correlated to
the severity of LUTS. Age as a risk factor for LUTS has
been observed in previous epidemiological research without
being studied in the perspective of cardiovascular disease
correlation [20]. The similarity of having age as a common
risk factor is a reason to look into these two entities together.
An animal study by Rahman et al. provides insights into
the possible mechanism between hypercholesterolaemia and
LUTS [21]. In their study, rats with hypercholesterolaemia
developed significantly more bladder overactivity than the
controls. Furthermore, hyercholesterolaemia rats were found
to have more P2X1 receptors, which are important for nor-
mal contractions of the bladder, and more P2X3 receptors,
which are implicated in bladder overactivity. These findings
echo our result of cholesterol level correlating with LUTS.

Lim et al. reported their finding of risk factors for LUTS
in a population of Malay, Chinese and Indian [22]. Overall,
age, ethnicity, education, history of hypertension, diabetes,
hypercholesterolaemia as well as prostate volume were found
to be significantly associated with moderate-to-severe LUTS.
Interestingly, different cardiovascular risk factors correlated
with LUTS in different ethnicity. For Indian, history of diabe-
tes and hypercholesterolaemia was strongly associated with

@ Springer



732

World Journal of Urology (2019) 37:727-733

moderate-to-severe LUTS. On the other hand, only hyperten-
sion was found to be significantly related to the severity of
LUTS in Chinese. Our cohort in the study was entirely of Chi-
nese ethnicity. However, hypertension status was not noted to
be relevant to LUTS in our study. The difference between our
findings and that of Lim et al. could be due to a difference in
hypertension duration and hypertension control between these
two cohorts, thus possibly masking hypertension as a risk fac-
tor in our study. Further study is needed to verify the role of
hypertension in LUTS.

A limitation of our study is the lack of an asymptomatic
control group. Furthermore, this is a cross-sectional study
which cannot imply any temporal causal relationship between
the outcome and the predictors. The role of cardiovascular
risk factors in LUTS would be more thoroughly investigated
in a longitudinal setting with the involvement of asympto-
matic population. However, considering the high prevalence
of LUTS in our cohort with a mean age of 67 years old, the
use of mild LUTS as a reference for analysis is a reasonable
option. In addition, prostate volume was not available in our
cohort for adjustment during regression analysis. As PSA level
can predict prostate volume, our analyses used PSA level as
a surrogate in an attempt to correct the bias introduced by
prostate volume variation.

In conclusion, our present cross-sectional study highlighted
the significant association between LUTS and cardiovascular
risk factors as manifested by the Framingham risk score. Stor-
age symptoms correlated to cardiovascular factors better than
voiding symptoms, in particular age and total cholesterol level.
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