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Background: To investigate the association between lower urinary tract symptoms suggestive of benign
prostate hyperplasia (LUTS/BPH) and metabolic syndrome (MetS) in aging Chinese males.

Methods: A dataset that included 3,568 non-MetS cases and 1,020 MetS cases (after data cleansing)
was downloaded from the China Health and Retirement Longitudinal Study (CHARLS). To balance the
intergroup covariates, propensity score matching (PSM) was employed in the analyses. Univariate logistic
regression and multivariate logistic regression were then performed to investigate the relationship between
LUTS/BPH and MetS in aging Chinese males.

Results: Before PSM, multivariate logistic regression showed that participants with MetS had a 1.47 times
higher risk of LUTS/BPH compared to non-MetS cases in the final model (P<0.001). It also revealed that
participants with low high-density lipoprotein (HDL), abdominal adiposity, or high triglycerides had a
higher probability of LUTS/BPH [odds ratio (OR) =1.56 for low HDL; OR =1.50 for abdominal adiposity;
and OR =1.48 for high triglyceride, P<0.001], while participants with hyperglycemia or hypertension had
identical odds of LUTS/BPH (P>0.05). After PSM, 1,000 pairs were successfully matched. It was also
found that MetS cases had a 1.60 times higher risk of LUTS/BPH compared to non-MetS cases (P<0.001),
and participants with low HDL, abdominal adiposity, high triglycerides, or hyperglycemia had a higher
likelihood of LUTS/BPH than their counterparts (P<0.001). However, the probability of LUTS/BPH in
hypertensive patients remained similar to that in non-hypertensive patients (P>0.05).

Conclusions: Aging Chinese males with MetS had a higher probability of LUTS/BPH. Also, patients with
low HDL, abdominal obesity, high triglycerides, or hyperglycemia had an increased risk of LUTS/BPH;

however, this was not the case for hypertensive patients.
Keywords: Metabolic syndrome (MetS); benign prostatic hyperplasia (BPH); lower urinary tract symptoms

(LUTS); aging males; propensity score matching (PSM)
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Introduction

Benign prostatic hyperplasia (BPH), which is characterized
by the nonmalignant and unregulated growth of the
prostate gland, remains highly prevalent in elderly men. An
enlarged prostate contributes to bladder outlet obstruction
and induces symptoms such as frequent voiding, urgency,
nocturia, and urine retention, among others (1). It is the
leading cause of lower urinary tract symptoms (LUTS)
which can include weak urinary stream, increased urgency,
frequent urination, nocturia etc., and is a heavy burden on
the elderly population worldwide. Thus, there is a pressing
need for effective treatment of this condition (2).

According to one recent study, the prevalence of LUTS/
BPH in aging Chinese males is 11.97%, and is 22.70%
in participants aged 70 years old and above (3). Yue er al.
reported that the prevalence of BPH ranges from 2.17%
in men aged 40-44 years to 31.11% in men aged 80 years
and above (4). In America, this disease affects an estimated
15 million men aged 30 years and older (5). Considering the
high prevalence and significantly adverse effects for males,
identifying factors associated with LUTS/BPH is critical,
and is the aim of the present study. Throughout the long-
term exploration of the factors associated with LUTS/BPH,
numerous risk factors have been identified, including age,
hyperlipidemia (6), and hypogonadism (7), among others.
Various studies have scrutinized metabolic syndrome (MetS)
to investigate its association with LUTS/BPH. Preliminary
research has found that the close relationship between these
conditions may be mediated by systemic inflammation
and oxidative stress (8), which are induced by MetS and
subsequently enhance the incidence of LUTS/BPH (9,10).

MetS is defined by five components including visceral
adiposity, high blood glucose (fasting), disordered lipid
metabolism [elevated blood triglycerides and decreased
high-density lipoprotein (HDL)], and hypertension. Over
the past two decades, the prevalence of MetS has increased
worldwide, especially in the elderly population (11). A
previous study has reported that the overall prevalence
of MetS is 33.9% and affects approximately 454 million
Chinese people (12). Both diseases (LUTS/BPH and
MetS) are commonly seen in the aging population. Several
studies have reported inconsistent conclusions regarding
the relationship between MetS and LUTS/BPH. One
prospective study by Yue er al. revealed that MetS may
accelerate the clinical progression of BPH in middle-aged
and older men (13). The conclusions reached by some other
studies were also in line with Yue’s study (14-18). However,
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a study that examined Korean men aged 50 years old
proposed a conflicting conclusion (19), and relevant studies
performed in Chinese (20), Japanese (21), and American (22)
populations echoed this finding. These inconsistent results
reveal a positive association between LUTS/BPH and
MetS, and thus, more evidence is required that accounts for
different countries, ethnicities, economic status, and other
factors.

In the present study, a representative dataset targeting the
elderly population was downloaded from the China Health
and Retirement Longitudinal Study (CHARLS) to explore
the association between LUTS/BPH and MetS. To balance
intergroup discrepancies in the covariates, propensity score
matching (PSM) was adopted to perform further analyses.
We present the following article in accordance with the
STROBE (Strengthening The Reporting of Observational
Studies in Epidemiology) reporting checklist (available at
http://dx.doi.org/10.21037/tau-20-1127).

Methods

Data collection and study samples

The dataset targeting aging Chinese males (aged 40 years
and above) was downloaded from the CHARLS official
website (http://charls.pku.edu.cn/), which is a representative
national survey initiated in 2008. This project collected data
gathered by well-trained researchers from 28 provinces and
150 counties in China. On April 23, 2020, we downloaded
the CHARLS Follow-up Questionnaire (2015) to evaluate
the association between LUTS/BPH and MetS.

Data collection was performed by medically trained
staff from the Chinese Center for Disease Control and
Prevention (China CDC). One 4 ml tube of venous
blood was collected from each respondent for testing
blood biomarkers like blood glucose, HDL, low-density
lipoprotein (LDL), and blood triglycerides. Participants
were asked to fast overnight; however, researchers took
blood even if they were not fasting and then noted their
status. In further analyses, participants who had not fasted
were excluded according to the International Diabetes
Federation (IDF) definition of MetS. After the venous blood
was separated into plasma, the plasma was stored in three
0.5 mL cryovials. These cryovials were then immediately
stored at -20 °C and transported to the Chinese CDC in
Beijing within 2 weeks. Here, they were placed in a deep
freezer and stored at -80 °C until they were assayed at the
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All the samples were subjected to further analyses

Figure 1 Data cleansing flow-chart.

Capital Medical University laboratory using an enzymatic
colorimetric test. Researchers also collected relevant
medication history for treating diabetes, dyslipidemia, and
hypertension, but did not record any specific drug names.

"To measure waist circumference, participants were asked
to stand still, take a normal breath, and then exhale and hold
their breath at the end of their exhalation. The researchers
placed measuring tape over the clothing around the waist
at the level of the navel and recorded the measurement.
For blood pressure, participants were asked to be relaxed,
remain seated and quiet during the measurements, and then
to lay their arms on a flat surface with the palm facing up so
that the center of their upper arms were at the same height
as their hearts. Each person's blood pressure was measured
three times, and the average of the three measurements
was taken as the final blood pressure. A more detailed
description of CHARLS has been provided in a previous
publication (23).

All procedures performed in this study were in
accordance with the Declaration of Helsinki (as revised
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in 2013) and were approved by the Ethics Committee of
Peking University (IRB 00001052-11014). Written and oral
informed consent was obtained from all participants prior
to their enrollment in this study. In the present study, after
clearing the missing values of LUTS/BPH and MetS in
aging males, a total of 4,588 participants were enrolled. The
flow chart of data cleansing is shown in Figure 1. To balance
the discrepancies between covariates in the two groups,
PSM was employed with 1,000 pairs matched successfully.

Covariates

Covariates including age, marital status, depression status,
sleeping time, afternoon napping, geographical region,
smoking, alcohol consumption, LDL, total cholesterol
(TC), and uric acid were collected. Age was divided into
four groups: 40-50, 50-60, 60-70, and >70 years. Marital
status was organized into two parts. The first part involved
married couples living together and cohabiting individuals;
the second part included people who are married but not
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living with their spouse, in addition to separated, divorced,
widowed, and never-married individuals. Sleeping time
consisted three groups: 0-6 hours, 6-8 hours, and >8 hours.
Geographic region included rural and urban. Smoking
was divided into yes, no, and previous smoker. Alcohol
consumption was divided into three categories: more
than once a month, less than once a month, and never. In
CHARLS, the Epidemiological Studies Depression Scale-10
(CESD-10), a widely used questionnaire, was adopted to
assess depressive state (24). Participants with total scores
>10 were defined as depressed. Afternoon napping was
classified as yes and no. LDL was divided into two groups:
<120 and >120 mg/dL (25). TC was categorized as <200 and
>200 mg/dL (26). Uric acid was divided into two groups:
<420 pmol/L (non-hyperuricemia) and >420 pmol/L
(hyperuricemia) (27).

Definition of MetS and LUTS/BPH

Three principal definitions of MetS offered by the World
Health Organization (WHO), the National Cholesterol
Education Program (NCEP), and the IDF have been
adopted globally. In our study, the IDF criteria were used
due to their suitability for the Chinese population and low
cutoff values. This sensitive set of criteria facilitate early
identification and intervention. Participants were defined
as MetS when they exhibited visceral adiposity (waistline
>90 cm) along with the presence of two or more of the
following criteria: (I) fasting blood glucose greater than
100 mg/dL (5.6 mmol/L) or diagnosed diabetes; (II)
HDL cholesterol < 40 mg/dL (1.0 mmol/L) in men or
those with drug treatment for low HDL cholesterol; (IIT)
blood triglycerides >150 mg/dL (1.7 mmol/L) or drug
treatment for elevated triglycerides; and (IV) blood pressure
>130/85 mmHg (17.33/11.33 kPa) or drug treatment
for hypertension. As for LUTS/BPH, participants were
evaluated with the following question: “Have you ever
been diagnosed with a prostate illness, such as prostate
hyperplasia, excluding prostate cancer?” Relative symptoms
were interpreted for the participants, and included dysuria,
nocturia, intermittent urinary stream, and slow urinary
stream, among others. BPH did not occur with LUTS
simultaneously for one hundred percent. Only when these
patients perceived the symptoms stated above, would they
seek medical assistance, and thus, subjects that answered
with a definite “Yes” during the survey were defined as

having LUTS/BPH.
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Statistical analysis

Data are presented according to their types. Categorical
data are presented as proportions (%), while continuous
data are presented as mean x standard deviation (SD).
Discrepancies between baseline characteristics were
assessed using the chi square test or # test according to the
types of data. Before PSM, univariate and multivariate
logistic regression were adopted to explore the association.
Furthermore, PSM (nearest-neighbor matching with
caliper) was used, and discrepancies between covariates
were balanced at ratio of 1:1 with no replacement matching
and a caliper value of 0.03. After PSM, univariate logistic
regression was used to explore the difference between the
MetS and non-MetS groups. All of the data analyses were
performed using STATA 15.0 (Stata Corporation, College
Station, TX, USA). All the figures were constructed using
GraphPad Prism 8.0 version (GraphPad Software Inc.,
San Diego, CA, USA). A P value <0.05 (two-sided) was
considered statistically significant.

Results
Baseline characteristics of participants

A total of 4,588 participants were enrolled. The baseline
characteristics of the participants are displayed in 7able 1.
Subjects were divided into a MetS group and non-MetS
group with 3,568 and 1,020 participants, respectively.
Before PSM, the covariates were lopsided (P<0.05), except
for alcohol consumption and LDL (P>0.05). After PSM,
1,000 pairs were successfully matched with 11 balanced
covariates.

PSM result confirmation

To confirm that the covariates of PSM were well balanced,
a histogram of the propensity scores in the treated group
(MetS group) and the untreated group (non-MetS group)
was constructed (Figure 2A,B). It was clear that the
distribution of propensity scores became symmetrical when
Figure 24 was compared with Figure 2B. Furthermore, the
absolute standardized differences in Figure 2C indicated
that all the differences were less than 5% (differences <10%
were considered as adequate matching). These results
demonstrated that the discrepancies between covariates
were amply balanced by PSM, which allowed us to perform
further analyses.
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Table 1 Baseline characteristics for participants

Characteristics non-MetS cases (n, %) MetS cases (n, %) */ P
Total 3,568 1,020 - -
Age group 4.5405 0.0000
40-50 609 (17.07) 205 (20.10)
50-60 1,105 (30.97) 349 (34.22)
60-70 1,221 (34.22) 344 (33.73)
>70 633 (17.74) 122 (11.96)
Marital status 8.9146 0.003
Married/cohabitated 3,089 (86.58) 979 (90.10)
Others 479 (13.42) 122 (9.90)
Depression 8.9035 0.003
<10 2,601 (72.90) 791 (77.55)
=10 967 (27.10) 229 (22.45)
Sleeping time -3.1848 0.0015
0-6 h 1,774 (49.97) 444 (43.66)
6-8 h 1,456 (41.01) 492 (48.38)
>8 h 320 (9.01) 81 (7.96)
Geographical region 87.7952 0.000
Urban 2,753 (77.16) 638 (62.55)
Rural 815 (22.84) 382 (37.45)
Smoking 32.3756 0.000
Yes 1,959 (564.97) 466 (45.69)
No 782 (21.94) 241 (23.63)
Quitted 823 (23.09) 313 (30.69)
Alcohol consumption 0.3904 0.823
Never 1,455 (40.79) 405 (39.74)
Less than once a month 389 (10.91) 115 (11.29)
More than once a month 1,723 (48.30) 499 (48.97)
Afternoon napping 27.5640 0.000
Yes 2,243 (62.86) 732 (71.76)
No 1,325 (37.14) 288 (28.24)
Low density lipoprotein 3.0952 0.079
<120 mg/dL 2,853 (80.05) 790 (77.53)
>120 mg/dL 711 (19.95) 122 (22.47)
Total cholesterol 53.8766 0.000
<200 mg/dL 2,830 (79.38) 697 (68.40)
>200 mg/dL 735 (20.62) 322 (31.60)

Table 1 (continued)
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Table 1 (continued)

389

Characteristics non-MetS cases (n, %) MetS cases (n, %) ¥/t P

Uric acid 90.3213 0.000
Non-hyperuricemia 3,196 (89.62) 798 (78.31)
Hyperuricemia 370 (10.38) 221 (21.69)

Medications for dyslipidemia 338.0918 0.000
Yes 154 (4.32) 228 (6.39)
No 3,414 (95.68) 3,340 (93.61)

Medications for diabetes mellitus 178.6852 0.000
Yes 127 (3.56) 152 (14.90)
No 3,441 (96.44) 868 (85.10)

Medications for hypertension 302.6672 0.000
Yes 637 (17.85) 450 (44.12)
No 2931 (82.15) 570 (55.88)

Waist circumference 2400 0.000

>90 cm 607 (17.14)
<90 cm 2,935 (82.86)

Fasting glucose

>100 mg/dL 862 (24.16)

<100 mg/dL 2,706 (75.84)
Fasting HDL

<40 mg/dL 576 (16.14)

>40 mg/dL 2,992 (83.86)
Fasting TG

>150 mg/dL 682 (19.11)

<150 mg/dL 2,886 (80.89)

Blood pressure

Systolic pressure <130 mmHg & Diastolic 1,941 (54.40)
pressure <85 mmHg

Systolic pressure >130 mmHg or Diastolic 1,627 (45.60)
pressure >85 mmHg

1,020 (100.00)
0 (0.00)

503.7501 0.000

627 (61.47)

393 (38.53)
686.0197 0.000

576 (56.47)

444 (43.53)
1100 0.000

744 (72.94)

276 (27.06)
383.6099 0.000

819 (80.29)

201 (19.71)

MetS, metabolic syndrome; TG, total triglyceride; HDL, high-density lipoprotein.

Correlation between MetS and LUTS/BPH

Four models were built to evaluate the association between
MetS and LUTS/BPH (shown in Figure 3). In model 1
with no adjustment, patients with MetS had a 1.49 times
higher risk of LUTS/BPH than patients without MetS (95%
CI, 1.23-1.81, P<0.001). After adjustments were made for

© Translational Andrology and Urology. All rights reserved.

demographic variables and individual behaviors, including
age, smoking, alcohol consumption, geographical region,
afternoon napping, sleeping time, depression, and marital
status, the odds ratio (OR) value decreased to 1.46, but was
still statistically significant (P<0.001). In model 3, patients
with MetS had a 1.47 times higher probability of LUTS/
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Figure 3 Logistic regression between MetS and LUTS/BPH
before and after PSM. Model 1: adjusted for no variables. Model 2:
Adjusted for age, smoking, alcohol consumption, geographic
region, afternoon napping, sleeping time, depression, and marital
status. Model 3: adjusted for Model 2 variables in addition to uric
acid, LDL, and T'C. Model 4: adjusted for no other variables. OR,
odds ratios; PSM, propensity score matching; MetS, metabolic
syndrome; LUTS/BPH, lower urinary tract symptoms suggestive
of benign prostate hyperplasia; LDL, low-density lipoprotein; TC,

total cholesterol.
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BPH than non-MetS patients (95% CI, 1.19-1.81, P<0.001)
after adjustments were made for all demographic variables
and individual behaviors, in addition to uric acid, LDL, and
TC. After PSM, the logistic regression results indicated that
MetS subjects had a 1.60 times higher likelihood of LUTS/
BPH than non-MetS participants (95% CI, 1.24-2.06,
P<0.001).

Correlation between LUTS/BPH and the constituents of
MetS

Logistic regression analysis produced inconsistent findings
before and after PSM (see Figure 4). Although the OR
values of HDL, visceral adiposity, and triglycerides were
different before and after PSM, they were all statistically
significant (P<0.05). However, glucose exhibited the
opposite trend. Before PSM, no risk was observed (OR
=1.05, P=0.622), while after PSM, the OR value surged to
1.60 (95% CI, 1.24-2.06, P<0.000). Moreover, hypertension
exhibited no risk for LUTS/BPH both before and after
PSM (P>0.05).
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Subgroup analyses

Further logistic regression was employed to evaluate the
association between these subgroups (see Figure 5). It was
revealed that only MetS participants in the 50-60 year
age group had a higher risk of LUTS/BPH (OR =2.15,
P<0.01). For MetS patients in the 40-50, 60-70, and
>70 year age groups, this increased risk was not observed
(P>0.05). Furthermore, this increased risk was also detected
in participants who were married/cohabiting, slept fewer
than 8 hours, settled in rural regions, had quit smoking,
consumed alcohol more than once a month, had normal
TC, and did not have hyperuricemia (P<0.05). Interestingly,
stratification based on depression, afternoon napping, and
LDL was inconsequential; all participants displayed higher
odds of LUTS/BPH, although with different ORs.

Discussion

The aging population trend presents significant challenges
to healthcare, particularly in China, with its nearly
111 million citizens aged 65 years and above (28). In the
aging population, both MetS and LUTS/BPH typically
occur together, and there is currently a pressing need for
further exploration to elucidate the association between
them. CHARLS, a project specifically aimed at the elderly
population, provides an opportunity to do so.

© Translational Andrology and Urology. All rights reserved.

In the present study, all of the regression models
indicated that MetS patients have a higher probability
of LUTS/BPH. Previous studies aimed at the Chinese
male population have reported similar findings (11,13).
Moreover, comparable conclusions have also been proposed
in some U.S. and Asian populations. However, some similar
studies in Asian populations report conflicting conclusions.
In South Korean (19) and Japanese (21) studies, as well as
in a study by Yang et a/. (29), preliminary associations have
been observed. Inconsistent conclusions have been reported
across virtually all countries and ethnicities, particularly
because of differences in lifestyle, economic status, sample
size, study design, and sample population, thus making it
difficult to explain the related phenomena using one or two
factors. The inconsistent definition of MetS is one of the
pivotal factors that should be given particular attention.
Three main definitions are commonly employed, namely,
those offered by the NCEP-ATP III, IDF, and WHO,
although other local definitions of MetS, such as the
definition used in the Hallym Aging Study (30) in Korea,
are also commonly employed. This lack of uniformity
can lead to different diagnoses for MetS patients. In our
study, the IDF definition was adopted since it takes into
consideration ethnic differences, has lower cutoff values,
and is more suitable for the Chinese population, which
may explain why an underlying positive association was
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Subgroups Forest plot OR (95% CI) P value
Age group

40-50 ° 1.42(0.66-3.07)| |0.366
50-60 I ° 2.15(1.34-3.45)| |0.002
60-70 —— 1.51(0.98-2.32)| |0.064
>70 — 1.24(0.72-2.13)| |0.447
Marital status
Married/Cohabitated —— 1.64(1.25-2.15)| |0.000
Others ———i 1.00(0.49-2.06) | |0.992
Depression
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=10 k . 1.78(1.08-2.93)| 10.023
Sleeping time
0-6 hours —e—d 1.45(1.02-2.07)| |0.036
6-8 hours —— 1.59(1.08-2.36)| |0.020
>8 hours I . 1.87(0.57-6.12)| 10.303
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Urban —e— 1.44(0.99-2.09)| |0.059
Rural —e—— 1.65(1.16-2.33)| |0.005
Smoke
Yes H——————f 1.43(0.93-2.18)| |0.104
No —— 1 1.30(0.81-2.08)| |0.268
Quitted b ° 1.97(1.27-3.05)| |0.002
Alcohol consumption
Never H—e——1 1.37(0.94-1.99)| 10.102
Less than once a month I ) 1.67(0.72-3.85)| 10.232
More than once a month —e— 1.74(1.19-2.56)| |0.005
Afternoon napping
Yes —— 1.47(1.10-1.96) | |0.009
No y * 1.83(1.06-3.13)| |0.029
Low density lipoprotein
<120 mg/dl —e— 1.46(1.10-1.94)| 10.010
> 120 mg/dl ' ® 1.84(1.06-3.20)| |0.030
Total cholesterol
<200 mg/dl ——i 1.52(1.13-2.05)| |0.006
> 200 mg/dl A 1.58(0.97-2.59)| |0.065
Uric acid
Non-hyperuricemia —e— 1.84(1.38-2.45)| 10.000
Hyperuricemia —e—— 0.72(0.40-1.30)| |0.277
T T T T T 1
0 1 2 3 4 5 6 7

Figure 5 Results of subgroups analyses. OR, odds ratio; CI, confidence interval.

observed.

PSM was adopted in the present study to balance the
covariates and reduce their interference in the estimation
of outcome effects. PSM demonstrated that low HDL,
hyperglycemia, visceral adiposity, and increased triglyceride
levels are positively correlated with LUTS/BPH, which
is in accordance with the findings of previous studies
(14,31). Visceral adiposity is a widely reported comorbidity
with LUTS/BPH (32,33), which was also observed in
this study. Mondul et a/. reported that participants with
waistlines >42 inches have higher hazard ratios of 1.39
compared to subjects whose waistlines are <33 inches (32).
Gacci et al. also noted that central obesity is associated
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with a higher risk of persistent storage LUTS after simple
open prostatectomy or transurethral resection of the
prostate (33). These studies indicate that obesity might
be a therapeutic target for LUTS/BPH patients. Notably,
obesity is also commonly observed with hyperglycemia
via insulin resistance, a term to describe the inability of
insulin to maintain glucose homeostasis (34). These can
jointly contribute to LUTS/BPH, which may explain why
hyperglycemia and central obesity exhibit close ties with
LUTS/BPH here. Previous studies suggest that this close
relationship may be directed by the systemic inflammation
and oxidative stress commonly seen in obese individuals (35),

which aid the growth of the prostate and lead to LUTS/
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BPH (36).

Our study also found that the participants with low
HDUL or increased triglyceride levels had a greater
likelihood of LUTS/BPH, which further supports an
emerging understanding of the dyslipidemia profile
in aging Chinese males. Similar results have also been
reported in other studies (37,38). Martin er al.’s results
suggest that HDL cholesterol and lower triglycerides
contribute to predicting the improvement of LUTS (37).
Chiu et al’s study enrolled 20,152 patients with benign
prostatic enlargement, and concluded that hyperlipidemia
is significantly positively correlated with benign prostatic
enlargement (38). In contrast, one previous study observed
no relationship between serum lipid levels and LUTS/
BPH is observed (39). This conclusion may be biased due
to its small sample size of 257 males aged 40 years and
above, restricted to a single village in Turkey. Our subgroup
analysis results also indicated that LDL, which is not a
component of MetS, also increases the risk of LUTS/
BPH. A prospective, community-based cohort study
revealed a similar conclusion: elevated LDL increases the
risk of BPH in diabetic men fourfold, but not in the overall
cohort (40). According to previous publications (41,42), this
phenomenon may be mediated by inflammatory stimulation
between altered lipid metabolism and LUTS/BPH. In a
MetS model obtained by feeding male rabbits a high-fat
diet for 12 weeks, prostate inflammation was detected. The
mRNA expression of several proinflaimmatory markers,
such as interleukin (IL)-8, IL-6, IL-1B, and tumor necrosis
factor (TNF)-a, was significantly increased in the prostates
of these rabbits (41). Inflammation in the prostate leads to
the cell proliferation and tissue remodeling in BPH (42).
Hence, altered lipid metabolism may initially activate
inflammation, and in turn further enlarge the prostate.

However, hypertension did not lead to an increased risk
in our study, both before and after PSM. Rohrmann ez a/.
reported that hypertension was found to be positively
corrected with LUTS (43). Also, Roehrborn ez al.’s
study indicated that hypertension is the most common
comorbidity in LUTS/BPH patients (44). In contrast,
results from the Massachusetts Male Aging Study
demonstrated conflicting findings (45). Rohrmann ez 4l.’s
study was conducted with 2,372 men aged 60 years and
older, while the Massachusetts Male Aging Study was
performed with 1,709 men aged 40-70 years. It is widely
accepted that with aging, the prevalence of hypertension
and LUTS/BPH increases (46). The discrepancies between
the sampling populations in the different age groups might
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have led to the inconsistent conclusions. The present study
was conducted with males aged 40 years and above, and the
conclusion is consistent with that of the Massachusetts Male
Aging Study, although further prospective cohort studies
are needed to verify the findings.

Interestingly, the subgroup analyses revealed that
statistical significance was only present in the participants
aged 50-60 years old, which seems to be in line with the
report from the Boston Area Community Health Survey,
which reported that only the MetS patients aged <60 years
old had a higher probability of LUTS/BPH (47). This
may be attributable to the fact that males in different age
ranges exhibit different risk factors and the influences of
these risk factors for different age ranges vary. Our results
were primarily analyzed by regression analyses, which relied
on their covariates to adjust the final OR and P values.
Hence, OR values after adjustments are different for them.
Moreover, from a statistical perspective, the subgroup
analyses suggested that males aged 50-60 years may be
a high-risk population that requires greater healthcare,
although this needs further validation by prospective cohort
study.

Certain limitations to this study should also be noted.
First, although some potential confounders were considered
in the analyses, others, such as educational status and
income, were not included, and might have introduced some
bias into the study. Second, the present study adopted a
more convincing method, PSM, to examine the association
between MetS and LUTS/BPH. However, randomization
by PSM cannot identify the causal effect between MetS and
LUTS/BPH; only a high-quality prospective cohort study
can explore causality, which is what we plan to do in the
future.

As the aging trend continues, LUTS/BPH will markedly
affect more males and place substantial strains on healthcare
resources. Thus, prevention of LUTS/BPH remains
critically important to public health. Our study indicates
that MetS is significantly correlated with LUTS/BPH in
aging males. In a society with a high incidence of metabolic
diseases, acting on MetS in the early stages and promoting
a healthy lifestyle in aging males will be instrumental in
containing the occurrence of LUTS/BPH and reducing the
adverse consequences.

Conclusions

Patients with MetS had a higher probability of LUTS/
BPH in the aging Chinese male population. Our results
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demonstrated that patients who had low HDL, abdominal
obesity, high triglyceride levels, or hyperglycemia had an
increased risk of LUTS/BPH; however, this was not the
case for hypertensive patients.
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