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Abstract

Background: We evaluated the optimal high‐density lipoprotein cholesterol level for

benign prostatic hyperplasia (BPH) prevention in men not taking statin medication

using a large historical cohort.

Methods: We initially selected 130 454 men who underwent health checkups in

2009 from the National Health Information Database of the National Health

Insurance Service. After excluding 36 854 men with BPH in 2009, and 45 061 men

for statin use, 48 539 men were ultimately included in the analysis. A Kaplan‐Meier

analysis and multivariable Cox regression analysis was performed to assess the

optimal high‐density lipoprotein cholesterol level for preventing BPH.

Results: High‐density lipoprotein cholesterol levels were less than 40mg/dL in 7431

(15.3%) men, 40 to 49 in 15 861 (32.7%), 50 to 59 in 15 328 (27.5%), and greater

than or equal to 60 in 11 919 (24.6%). The overall cumulative incidence of BPH was

4.4%, 8.7%, 13.0%, and 17.8% at the 1‐, 2‐, 3‐, and 4‐year follow‐up periods,

respectively. In multivariable analysis, high‐density lipoprotein greater than or equal

to 60mg/dL were significantly associated with a decreased incidence of BPH, as

were age, residence, income, body mass index, diabetes, hypertension, triglyceride,

and increased annual clinic visits, especially in men in their 40s.

Conclusion: Elevated serum high‐density lipoprotein cholesterol levels were

negatively associated with BPH incidence. In addition, maintaining high‐density
lipoprotein greater than or equal to 60mg/dL was associated with a decreased BPH

incidence compared with high‐density lipoprotein less than 40mg/dL, especially in

men in their 40s.
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1 | INTRODUCTION

The prevalence of lower urinary tract symptoms (LUTS) suggestive of

benign prostatic hyperplasia (BPH) has been reported to gradually

increase as men age.1 In their 50s, about a quarter of men suffer from

moderate to severe LUTS,2 mainly as a result of BPH, which has been

reported to significantly decrease their quality of life.3,4 A previous

European study reported the annual mean cost per person for
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treating LUTS suggestive of BPH to be about $1000.5 Although

several studies focusing on BPH prevention have been conducted,

only a few risk factors for BPH have been conclusively identified.6,7

In other words, if a reliable and easy way to prevent BPH was es-

tablished, it may help reduce medical costs for alleviating LUTS

caused by BPH and improve the quality of life in elderly men.

Recently, several studies have reported that metabolic syndrome

(MetS) is associated with an increased prevalence of BPH.8,9 Our study

group also reported similar results using the National Health Information

Database of the National Health Insurance Service in South Korea.10

Moreover, our study group also reported that, among the components of

MetS, a decreased high‐density lipoprotein (HDL) cholesterol level was

the most powerful variable associated with an increased prevalence of

BPH,10 which was consistent with the findings of previous studies.11,12

On the basis of these studies, we hypothesized that, like HDL less than

40mg/dL or dyslipidemia medication, HDL greater than 40mg/dL might

also be associated with a decreased incidence of BPH. In other words,

there might be an inverse linear association between HDL cholesterol

levels and BPH incidence.

However, reliable data on this issue have been scarce.11 More-

over, although previous studies have reported that other lipid pro-

files, including triglyceride and low‐density lipoprotein (LDL) levels,

are associated with BPH,13,14 the impact of HDL cholesterol levels on

BPH after adjusting for other lipid profiles remains undetermined. In

addition, although an HDL cholesterol level of 40mg/dL is typically

considered as a normal cut‐off value for general health, it may not be

the optimal cut‐off value to prevent BPH. In other words, identifying

a protective HDL cholesterol cut‐off value to prevent BPH could be

useful in improving male health. For this reason, we investigated the

impact of HDL cholesterol levels on the incidence of BPH in men

without BPH, using the large historical cohort from the National

Health Information Database of the National Health Insurance Ser-

vice that we used in a previous study.10 In addition, we aimed to

evaluate the optimal HDL cholesterol level for BPH decrement after

adjusting for other variables, including other cholesterol levels.

2 | MATERIALS AND METHODS

2.1 | Patient cohort and stratification

A total of 130342 men who had a national health checkup in 2009 were

initially selected. We excluded those without information on MetS, as

previously described.10 Among these men, 36854 men with BPH in 2009

were excluded. In addition, 45 061 men who took statins in 2009 were

excluded because they had more frequent annual medical facility visits as

compared with those who did not take statins (Table S1). Because we

defined BPH as the diagnosis of BPH at a medical facility according to the

Korean Classification of Disease, sixth revision (KCD‐6) codes, as de-

scribed in a previous study,10 the number of medical facility visits per

year could affect the incidence of BPH diagnosis at a medical facility.

Finally, 48 539 men were ultimately included in the analysis. The current

study was approved by the institutional review board of our hospital.

2.2 | Definitions

All diseases were defined using the Korean Classification of Disease,

sixth revision (KCD‐6) codes, which was modified based on the Inter-

national Classification of Diseases, 10th revision (ICD‐10). As men-

tioned above, BPH in the current study was defined as men who had

visited clinics for treating LUTS with the diagnosis of BPH by clinicians

at least once since 2003 as described in our previous study.10 The

presence of diabetes and hypertension was defined on the basis of the

National Cholesterol Education Program‐Adult Treatment Panel III

(NCEP‐ATP III) guidelines.15 Residence was divided into two groups

(urban vs rural) with the cut‐off value of 1000 person/km2 and income

was divided into two groups (low income vs middle to high income).

Low‐income cases were defined as those with income levels three‐
tenths or less than that in our previous study.10 Laboratory examination

data and data on other demographic characteristics were extracted

from national health checkups performed in 2009.

2.3 | Statistical analysis

The study cohort was divided into four groups according to HDL cho-

lesterol levels (<40 vs 40‐49 vs 50‐59 vs ≥60mg/dL). Baseline char-

acteristics in 2009 were presented and compared according to HDL

cholesterol levels. The mean± standard deviation or median and inter-

quartile range was used for continuous variables. Frequency and per-

centages were used for categorical variables. Kaplan‐Meier analysis was

performed to estimate the BPH incidence in the study cohort. In addition,

BPH incidence was also calculated using Kaplan‐Meier analysis and log‐
rank test according to age group and HDL cholesterol level. Before

multivariable analysis, the correlation coefficient between HDL choles-

terol, LDL cholesterol, and triglyceride levels was calculated. Because the

correlation coefficients between these variables were between 0 and 0.3,

which indicate a weak linear relationship (Table S2), LDL cholesterol and

triglyceride levels were included in the multivariable analysis in addition

to HDL cholesterol. In addition, because of the skewed distribution, tri-

glyceride and LDL cholesterol levels were log‐transformed before per-

forming multivariable Cox regression analysis. A univariate and

multivariable Cox regression analysis was used to assess the factors as-

sociated with the incidence of BPH. In addition, the impact of HDL

cholesterol levels on BPH incidence was also calculated after adjusting

for other variables by using Cox regression analysis in each age group. All

statistical analyses were performed using SAS version 9.4.2 software

(SAS Institute, Cary, NC) and R version 3.4.2 (http://www.r‐project.org).
P< .05 was considered statistically significant.

3 | RESULTS

3.1 | Baseline characteristics

HDL cholesterol levels were less than 40mg/dL in 7431 men (15.3%), 40

to 49mg/dL in 15861 (32.7%), 50 to 59mg/dL in 15328 (27.5%) and
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greater than or equal to 60mg/dL in 11919 (24.6%) (Table 1). Although

age and the percentage of subjects with low income were significantly

different between groups, no specific trend was found. Body mass index

significantly increased as HDL cholesterol levels decreased. In addition,

diabetes and hypertension significantly increased as HDL cholesterol le-

vels decreased. Although LDL cholesterol levels showed no specific trend

with regard to HDL cholesterol levels, triglyceride levels were negatively

associated with HDL cholesterol levels. Annual medical visits significantly

decreased as HDL cholesterol levels increased.

3.2 | Changes in the incidence of BPH during a
5‐year follow‐up duration

In Kaplan‐Meier analysis, the overall cumulative incidence of BPH was

4.4%, 8.7%, 13.0%, and 17.8% at the 1‐, 2‐, 3‐, and 4‐year follow‐up
periods, respectively (Figure 1). The incidence of BPH at the 4‐year
follow‐up period was 10.8% for men in their 40s, 16.2% for those in

their 50s, 25.1% for those in their 60s, and 31.1% for those in their 70s

(P < .001). The incidence of BPH was lower in men with HDL cholesterol

levels greater than or equal to 60mg/dL than in those with HDL cho-

lesterol levels less than 40mg/dL, regardless of age although statistical

significance was not achieved (Figure 2). However, the incidence of BPH

in men with HDL cholesterol levels 40 to 60mg/dL was equivalent to

that in men with HDL cholesterol levels less than 40mg/dL.

3.3 | Influence of HDL cholesterol on the incidence
of BPH

Multivariate Cox regression analysis revealed that in addition to age

group, residence, income, body mass index, presence of diabetes and

hypertension, triglyceride level, and annual clinic visits, HDL

cholesterol levels greater than or equal to 60mg/dL were more

significantly associated with decreased incidence of BPH than HDL

cholesterol levels less than 40mg/dL (hazard ratio [HR]: 0.922;

P = .0286) (Table 2). However, HDL cholesterol levels greater than or

equal to 40mg/dL and less than 50mg/dL (HR: 0.987; P = .695), and

greater than or equal to 50mg/dL and less than 60mg/dL (HR: 1.014;

P = .702) were found to not be associated with decreased incidence

of BPH, even after adjustment for other variables. After age

stratification, HDL cholesterol level greater than or equal to

60mg/dL were found to be significantly associated with a decreased

incidence of BPH than HDL cholesterol level less than 40mg/dL

(HR: 0.801; P = .0347) in men with age less than 40 years (Table 3)

although HDL cholesterol level was not associated with decreased

incidence of BPH in men with age greater than or equal to 50mg/dL.

4 | DISCUSSION

MetS and its components were reported to be associated with BPH as

previously described.8,9 In addition, among the components of MetS,

decreased HDL cholesterol levels are thought to be one of the key

factors in developing BPH.16 Recently, our study group has also re-

ported that decreased HDL cholesterol levels were the most powerful

factor in predicting BPH prevalence by using the same National Health

Insurance Service Cohort.10 However, in addition to HDL less than

40mg/dL and treatment with dyslipidemia medication, HDL greater

than 40mg/dL might also be associated with a decreased BPH de-

velopment, and a recent meta‐analysis has shown a negative linear

correlation between HDL cholesterol levels and prostate volume.11 In

the current study, we found that HDL greater than or equal to

60mg/dL was significantly associated with a decreased incidence of

TABLE 1 Patient characteristics according to HDL level in patients without statin usage

HDL level

<40mg/dL ≥40 and <50mg/dL ≥50 and <60mg/dL ≥60mg/dL P

Patients, n (%) 7431 (15.3) 15 861 (32.7) 13 328 (27.5) 11 919 (24.6)

Age, y, mean ± SD 56.1 ± 7.9 55.8 ± 7.7 55.9 ± 7.7 56.5 ± 8.0 <.0001

Residence, n (%) .4174

Urban 5084 (68.6) 10 921 (68.9) 9179 (68.9) 8294 (69.6)

Rural 2336 (31.4) 4940 (31.1) 4149 (31.1) 3625 (30.4)

Low income, n (%) 1296 (17.4) 2605 (16.4) 2196 (16.5) 2279 (19.1) <.0001

Body mass index, kg/m2, mean ± SD 24.8 ± 2.7 24.4 ± 2.7 23.9 ± 2.7 23.1 ± 2.9 <.0001

Triglyceride, mg/dL, median [IQR] 175 [122, 254] 140 [99, 199] 118 [85, 169] 101 [72, 143] <.0001

LDL cholesterol, mg/dL, median [IQR] 109 [86, 132] 116 [94, 138] 116 [95, 138] 109 [88, 132] <.0001

Diabetes, n (%) 3550 (47.8) 7228 (45.6) 5949 (44.6) 5200 (43.6) <.0001

Hypertension, n (%) 4453 (59.9) 9309 (58.7) 7787 (58.4) 6825 (57.3) .0029

Annual clinic visits, mean ± SD 10.9 ± 13.1 10.1 ± 11.2 10.0 ± 11.9 9.8 ± 12.2 <.0001

Abbreviations: HDL, high‐density lipoprotein; IQR, interquartile range; LDL, low‐density lipoprotein; SD, standard deviation.
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BPH as compared with HDL less than 40mg/dL using a large historical

cohort database, especially in men with age less than 50 years. These

results may have implications in the way urologists manage general

patient health to prevent BPH development.

To our knowledge, this is the first study to suggest the optimal

cut‐off value of HDL cholesterol associated with decreased BPH in-

cidence in the follow‐up period, while a negative linear correlation

between HDL cholesterol levels and BPH was previously reported.11

However, the current study could not prove a causal relationship

between HDL cholesterol levels and BPH incidence although there

have been numerous studies that support a negative correlation

between them.17,18 Based on the results of this study, we could hy-

pothesize that HDL cholesterol needs to be maintained over

60mg/dL, especially in young men with age less than 50 years, to

F IGURE 1 Incidence of BPH according to age. A, Overall incidence of BPH. B, BPH incidence according to age (P < .001). BPH, benign
prostatic hyperplasia

F IGURE 2 Incidence of BPH according to
age group and HDL cholesterol level

(40s: P = .183, 50s: P = .643, 60s: P = .073, 70s:
P = .515). BPH, benign prostatic hyperplasia;
HDL, high‐density lipoprotein

YOO ET AL. | 573



minimize the risk of BPH development in the near future. In other

words, maintaining HDL cholesterol between 40 and 59mg/dL might

only have a limited impact on BPH prevention. This could be useful

information for both clinicians and male patients because HDL

cholesterol levels of 40mg/dL have been generally regarded as a safe

cut‐off value for general health.15

At the moment, there is no sufficiently effective and reliable drug

for increasing HDL cholesterol levels.19 Although some medications,

including statins, have been reported to increase HDL cholesterol

levels between 5% and 30%, more reliable and easier ways of in-

creasing HDL cholesterol levels are needed. However, as statins are

currently one of the most widely used drugs for managing dyslipi-

demia,20 the impact of statin medication use on the prevention of

BPH was of interest in this study. However, the prevalence of BPH in

men taking statins was higher than in those not taking statins, as has

been previously described in this study population (data not shown).

The reason for this may be due to the fact that men taking statins

usually have more frequent medical visits, which result in a higher

probability of LUTS complaints and a subsequent higher probability

of BPH diagnosis. These could be supported by that the association

between increased annual clinic visits and the increased incidence of

BPH after adjusting other variables, although it remains to be

verified in future studies.

Our results showed that other lipid profiles, including triglycer-

ide levels, were negatively associated with BPH incidence after

adjusting for other variables, which may be because of the negative

relationship between HDL cholesterol and triglyceride levels, al-

though we confirmed that the correlation coefficient was less than

0.3 before performing multivariable analysis. Although our study

group already documented that HDL cholesterol levels were a more

powerful predictor for BPH prevalence than triglycerides,10 trigly-

ceride level is also thought to have an impact on BPH incidence,

especially in young men less than 50 years. In other words, lipid

profiles need to be comprehensively controlled to decrease the

probability of BPH, especially in young men in their 40s or 50s.

TABLE 2 Variables associated with the
incidence of BPH

Univariable analysis Multivariable analysis

HR (95% CI) P HR (95% CI) P

Age group

≥70 vs 40‐49 2.882 (2.650‐3.133) <.0001 2.668 (2.444‐2.912) <.0001

60‐69 vs 40‐49 2.356 (2.194‐2.530) <.0001 2.309 (2.145‐2.485) <.0001

50‐59 vs 40‐49 1.512 (1.414‐1.617) <.0001 1.505 (1.407‐1.610) <.0001

Residence (urban vs rural) 1.097 (1.046‐1.151) .0001 1.112 (1.060‐1.166) <.0001

Low income (yes vs no) 1.065 (1.007‐1.127) .0272 0.905 (0.854‐0.958) .0006

Body mass index (continuous) 1.001 (0.994‐1.009) .7540 1.018 (1.009‐1.026) <.0001

Diabetes (yes vs no) 0.995 (0.953‐1.039) .8260 0.953 (0.912‐0.997) .0348

Hypertension (yes vs no) 1.062 (1.016‐1.111) .0073 0.918 (0.875‐0.962) .0003

Triglyceride, log (continuous) 0.884 (0.850‐0.919) <.0001 0.903 (0.865‐0.943) <.0001

LDL cholesterol, log

(continuous)

0.991 (0.952‐1.031) .6583 0.982 (0.941‐1.025) .4094

HDL cholesterol group

≥60 vs <40 0.957 (0.892‐1.028) .2268 0.922 (0.854‐0.991) .0286

≥50 and <60 vs <40 1.027 (0.959‐1.099) .4544 1.014 (0.945‐1.088) .7021

≥40 and <50 vs <40 0.986 (0.922‐1.054) .6769 0.987 (0.922‐1.056) .6947

Annual clinic visits

(continuous)

1.013 (1.012‐1.014) <0.0001 1.011 (1.009, 1.012) <.0001

Abbreviations: BPH, benign prostatic hyperplasia; CI, confidence interval; HDL, high‐density
lipoprotein; HR, hazard ratio; LDL, low‐density lipoprotein.

TABLE 3 Impacts of HDL cholesterol according to the age

HDL cholesterol HR (95% CI) P

40s ≥60 vs <40 0.801 (0.652‐0.984) .0347

≥50 vs <40 0.964 (0.799‐1.162) .6973

≥40 vs <40 0.897 (0.749‐1.074) .2366

50s ≥60 vs <40 0.986 (0.881‐1.104) .8041

≥50 vs <40 1.018 (0.916‐1.132) .7389

≥40 vs <40 1.036 (0.937‐1.146) .4925

60s ≥60 vs <40 0.894 (0.778‐1.027) .1134

≥50 vs <40 1.024 (0.897‐1.169) .7254

≥40 vs <40 0.976 (0.858‐1.111) .7138

70s ≥60 vs <40 0.912 (0.750‐1.109) .3550

≥50 vs <40 1.004 (0.831‐1.213) .9687

≥40 vs <40 0.934 (0.778‐1.121) .4602

Abbreviations: CI, confidence interval; HDL, high‐density lipoprotein;

HR, hazard ratio.
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In this study, older age and a higher body mass index were fac-

tors found to be associated with the increased BPH incidence, which

is consistent with the findings of previous studies.1,14,21 In addition,

hypertension and diabetes, were also associated with an increased

incidence of BPH after adjusting for other variables similar to the

results of previous studies.22–24 On the basis of these results, impacts

of MetS components are thought to be important for BPH develop-

ment. In addition, the lipid profiles, especially HDL cholesterol level,

is thought to be one of the most important factors in preventing BPH.

In addition, an increased BPH incidence was found in men living in

urban areas, whereas a decreased BPH incidence was found in men

with low income, findings that are inconsistent with those of previous

studies.25,26 Although the reason for these results is unknown, it may

be because of accessibility to health care facilities, in addition to

ethnic and cultural differences or lifestyle.

Due to the retrospective study design and the characteristics of the

database, some limitations, such as that with regard to the diagnostic

accuracy for BPH, may arise. In this study, BPH was defined based on

subjective symptoms and clinical diagnosis, not through the evaluation

of objective prostate volume or symptom severity. However, the results

of this study should not be undervalued because the primary endpoint

was a clinical visit due to LUTS which resulted in a diagnosis of BPH,

which means this study determined predictors of future medical facility

usage due to LUTS suspicious for BPH. In other words, these data could

be useful in predicting medical facility usage due to LUTS suspicious for

BPH, in addition to minimizing the personalized risk of BPH.

In conclusion, serum HDL cholesterol levels were negatively

associated with BPH prevalence and maintaining optimal HDL cho-

lesterol levels may be a novel target to decrease BPH prevalence in

the future. According to the results of this study, maintaining HDL

greater than 60mg/dL was associated with a decreased prevalence

of BPH as compared with HDL less than 40mg/dL, especially in

young men. For this reason, urologists should better manage HDL

cholesterol levels in patients.
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