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AbstrACt 
Objective Rapid population ageing in China is increasing 
the prevalence of lower urinary tract symptoms suggestive 
of benign prostatic hyperplasia (LUTS/BPH) among older 
people. The associated economic burden is increasing as 
well. Relevant data from China are currently insufficient.
Design Secondary analysis of a cohort sample.
setting A nationally representative, cross-sectional 
survey—the China Health and Retirement Longitudinal 
Study (CHARLS)—was conducted in 2011 in mainland 
China.
Participants The study included individuals in the 
community selected from CHARLS by multistage 
probability sampling. A total of 5888 participants aged 50 
years and above were included.
Outcome measures Self-reported morbid state was 
derived from a structured questionnaire. The weighted 
prevalence of LUTS/BPH was estimated and stratified by 
age group, marital status, education level, economic level, 
residential area and geographical region. Multivariable 
weighted logistic regression was used to examine the 
association of socioeconomic status with the odds of BPH.
results The weighted overall prevalence of LUTS/BPH 
was 10.66% (95% CI 9.36 to 12.12). Among individuals 
aged over 70 years, the prevalence was 14.67% (95% CI 
11.80 to 18.09) and it increased with ageing (p<0.05). 
The prevalence of LUTS/BPH among subjects residing in 
urban areas was higher (13.55%, 95% CI 10.95 to 16.64) 
than those living in rural areas (8.38%, 95% CI 6.90 to 
10.15). The prevalence of LUTS/BPH was lowest in the 
South-Central and South-West regions and highest in the 
North-West region.
Conclusions We found an increasing trend of prevalence 
of LUTS/BPH with ageing. It varied according to marital 
status, socioeconomic status and geographical region.

Benign prostatic hyperplasia (BPH) is a 
common disease in men representing a 
substantial disease burden. BPH is charac-
terised by a proliferation of both the stromal 
and epithelial cells of the prostate in the 
transitional zone surrounding the urethra.1 

Approximately 50% of men >50 years of 
age have pathological evidence of BPH, 
increasing to >80% as men reach their 
eighth decade of life and older.2 When men 
reached 80 years, this number increases to 
83%.3 As the world population aged, the inci-
dence and prevalence of BPH have rapidly 
increased.4 Lower urinary tract symptoms 
(LUTS) have been specified by the standard-
isation subcommittee of the International 
Continence Society in February 2002: ‘LUTS 
are the subjective indicators of a disease or 
change in conditions as perceived by the 
patients, carer or partners and may lead him/
her to seek help from health care profes-
sionals. Symptoms may either be volunteered 
or described during the patient interview. 
They are usually qualitative’.5 However, in 
2006, Chapple and Roehrborn6 emphasised 
that the presence of LUTS does not need 
to be associated with prostatic pathology 
only. Therefore, LUTS/BPH in our study 
referred to symptomatic BPH. Although it is 
not life-threatening, LUTS/BPH is associated 
with serious morbidities and decreases quality 
of life.7 8 In America, LUTS/BPH affects 
more than 20% of American men aged 30–79 

strengths and limitations of this study

 ► Our data are based on  the China Health and 
Retirement Longitudinal Study   (CHARLS), a strict 
national population survey.

 ► The prevalence of lower urinary tract symptoms sug-
gestive of benign prostatic hyperplasia (LUTS/BPH) 
in China is difficult to estimate because of the large 
population and of the diagnostic criteria.

 ► CHARLS did not collect weight and height, so we 
could not analyse the relationship of body mass in-
dex and obesity with the prevalence of LUTS/BPH.
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years, or roughly 15 million men.9 10 The prevalence of 
BPH in China is currently determined from autopsy 
data and a few studies based on the general population 
that cannot accurately reflect the current status of the 
disease.11 No study has been conducted on LUTS/BPH in 
China. Therefore, there is a paucity of data on the preva-
lence of LUTS/BPH and its potential risk factors among 
the elderly in China.

China has a population of 1.3 billion, 25.3% aged 50 
years or older and 13.26% aged more than 60 years.12 
The ageing of the general population means that elderly 
people now account for a much greater proportion of 
patients with BPH. Many modifiable risk factors play 
roles in the pathogenesis of BPH, including sex steroid 
hormones, the metabolic syndrome cardiovascular 
disease, obesity, diabetes, diet, physical activity and inflam-
mation. These risk factors cause a large variation in the 
prevalence of LUTS/BPH in various regions of China. 
Epidemiological studies comparing the prevalence of 
LUTS/BPH according to age, socioeconomic status and 
geographical region by the same research method will 
provide reliable estimates on the understanding of poten-
tial risk factors of LUTS/BPH and help design healthcare 
plans.

Using data collected from the China Health and Retire-
ment Longitudinal Study (CHARLS), a national random 
sample of the Chinese population,13 we estimated the 
prevalence of LUTS/BPH among residents aged 50 years 
or older in China according to age, marital status, educa-
tion level, geographical region and socioeconomic status.

MethODs
CHARLS is a survey of the elderly in China based on a 
sample of households with members who are middle-
aged and elderly and their spouses. Individuals aged 
50 years and above were included in this study. Data on 
socioeconomic and health status were collected using 
standardised questionnaire.13 The baseline survey was 
conducted in 2011–2012, covering 450 villages/urban 
communities in 28 provinces. Eligible individuals were 
selected through four-stage, stratified cluster sampling. 
Probabilities proportional to size sampling was used 
to determine sample size. Detailed descriptions are 
provided in a previous publication.14

Definitions of LUts/bPh
BPH is a term reserved for the typical histological pattern 
that defines the disease. However, many men with histo-
logical BPH never seek medical care, nor do they require 
treatment for it. The condition proceeds differently when 
it is associated with LUTS. Individuals with histological 
BPH visit a doctor only when LUTS occurs. Residents who 
participated in CHARLS were asked whether they have 
ever been diagnosed with a prostate illness (excluding 
prostatic cancer). We defined him as a subject with 
LUTS/BPH if he responded positively to this question.

Data collection and grouping
Households were selected randomly and age-eligibly. All 
participants had a face-to-face household interview using 
a structured questionnaire. Information collected during 
the household interview included demographic factors, 
socioeconomic status and medical history. The results of 
the statistical analysis will not be disseminated to study 
participants in a short time.

Subjects were grouped into three strata according 
to age: 50–59, 60–69 and ≥70 years old. Marital status 
was divided into married and unmarried/separated/
widowed. Education level was divided into five categories: 
no formal education, elementary school, middle school, 
high school, and college degree or above. Geographical 
region was divided into rural and urban. Economic level 
was defined according to the tertile of gross domestic 
product (GDP). We categorised their living localities 
into six regions, that is, East (seven provinces: Shandong, 
Jiangsu, Shanghai, Zhejiang, Fujian, Anhui and Jiangxi), 
North (two cities: Beijing and Tianjin; three provinces: 
Hebei, Shanxi and Inner Mongolia), North-East (three 
provinces: Liaoning, Jilin and Heilongjiang), North-West 
(four provinces: Shaanxi, Gansu, Qinghai and Xinjiang), 
South-Central (five provinces: Henan, Hubei, Hunan, 
Guangdong and Guangxi) and South-West (one city: 
Chongqing; three provinces: Sichuan, Guizhou and 
Yunnan). Individuals living in Hainan, Ningxia, Taiwan 
and Tibet were not selected in this survey.

Patient and public involvement
Patients and/or the public were not involved in the 
design or conduct of this study.

statistical analyses
We used Stata to calculate the overall and age-specific 
prevalence of LUTS/BPH according to strata for each 
factor. The svy: logistic procedure in Stata V.14.2 was 
used to examine the association between each risk factor 
and the prevalence of BPH, adjusting for other potential 
confounders including gender, age, area, education, GDP 
per capita and region. Both procedures considered the 
complex survey design and the non-response rate for the 
CHARLS survey when estimating the prevalence, preva-
lence OR and corresponding SE.

resULts
A total of 5888 participants were involved in our study 
and the characteristics of the baseline population are 
given in table 1. Five hundred and ninety-nine responded 
positively. The mean age was 62.78 (SD: 8.56). Most of 
the participants were married. About a quarter of the 
participants did not receive formal education and half of 
the rest received elementary or middle school education. 
The majority of the respondent participants lived in rural 
areas. About one-third of the respondents were classified 
in three levels of GDP per capita.
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The weighted overall prevalence of LUTS/BPH was 
10.66% (95% CI 9.36 to 12.12). The weighted results are 
listed in table 2.

Age
Ageing men were more likely to be diagnosed with 
LUTS/BPH, and the weighted prevalence of LUTS/BPH 
increased with age. Compared with subjects aged <60 
years, the adjusted ORs for the prevalence of LUTS/BPH 
were 1.50 (95% CI 1.20 to 1.87) for those aged 60–69 
years and 2.09 (95% CI 1.58 to 2.78) for those aged ≥70 
years (table 3).

Marital status
The prevalence of LUTS/BPH was slightly higher among 
married individuals, at 10.80% (95% CI 9.61 to 12.12), 
while the prevalence among unmarried/separated/
widowed individuals was 9.87% (95% CI 6.56 to 14.60). 

The odds of LUTS/BPH in unmarried/separated/
widowed individuals were approximately 0.91 times that 
of married individuals.

education and economic levels
There was variation in the prevalence of LUTS/BPH 
among various education and economic levels. The prev-
alence was higher among individuals with more years 
of education and it was highest among individuals with 
college degrees or above (p<0.05). The prevalence of 
LUTS/BPH was lower among individuals with a low GDP 
per capita.

resident areas and regions
The prevalence of LUTS/BPH was higher among subjects 
residing in urban areas (rural: 8.38%, 95% CI 6.90 to 
10.15; urban: 13.55%, 95% CI 10.95 to 16.640). The odds 
of LUTS/BPH in urban residents were 1.5 times that of 
rural residents. There was a significant difference in the 
prevalence of LUTS/BPH according to geographical 
location. The South-Central and South-West regions had 
the lowest prevalence of LUTS/BPH (9.76% and 9.53%, 
respectively), followed by the East (10.56%), North 
(12.18%) and North-East (12.24%) regions; the preva-
lence was highest among respondents living in the North-
West region (13.75%). Compared with the East region, 
the ORs for LUTS/BPH for the North, North-East, North-
West, South-Central and South-West regions were 1.12 
(95% CI 0.75 to 1.67), 1.03 (95% CI  0.76 to 1.39), 1.66 
(95% CI 1.12 to 2.47), 0.90 (95% CI 0.53 to 1.55) and 
1.01 (95% CI 0.66 to 1.53), respectively, after adjustment 
for age, marital status, rural/urban area, education and 
GDP per capita (table 3). The prevalence in each region 
can be seen in figure 1.

DisCUssiOn
CHARLS set up a high-quality, nationally representative, 
publicly available micro-database providing a wide range 
of information on the households of the elderly, as well 
as individual information on the elderly respondents 
and their spouses. Our research is based on data from 
CHARLS. It was known from our study that LUTS/BPH 
was common among Chinese men aged over 50 years. 
Age had a great influence on the prevalence of LUTS/
BPH according to ours and other studies.15

Rapid population ageing in China is increasing the 
prevalence of LUTS/BPH among older people and so 
does the economic burden associated with it. In our study, 
the adjusted prevalence of LUTS/BPH among men aged 
beyond 50 years reached 10.66% (95% CI 9.36 to 12.12), 
which could influence the quality of their life and impose 
economic burden on both individuals and society. The 
cost of intervention and treatment of BPH comprised 
direct costs (drugs, procedures, imaging and office visits), 
indirect costs (lost earnings) and intangible costs (pain 
and suffering).16 It is likely that the cost of LUTS/BPH 
will continuously increase in the future. Therefore, a 

Table 1 Baseline population characteristics

Characteristics Men (n=5888)

Age, mean (SD) 62.78 (8.56)

Age group, n (%)

  50–59 2356 (40.01)

  60–69 2250 (38.21)

  ≥70 1282 (21.77)

Marital status, n (%)

  Married 5111 (86.80)

  Unmarried/Separated/Widowed 777 (13.20)

Education level, n (%)*

  No formal education 1918 (32.84)

  Elementary school 1573 (26.93)

  Middle school 1426 (24.42)

  High school 556 (9.52)

  College degree or above 367 (6.28)

Geographical region, n (%)

  Rural 3742 (63.55)

  Urban 2146 (36.45)

GDP per capita, n (%)

  Low 2114 (35.90)

  Middle 1960 (33.29)

  High 1814 (30.81)

Region, n (%)

  East 2506 (42.56)

  North 779 (13.23)

  North-East 404 (6.86)

  North-West 224 (3.80)

  South-Central 974 (16.54)

  South-West 1001 (17.00)

*Education level values of 48 cases were missed.
GDP, gross domestic product.
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prevalence study on LUTS/BPH can help guide public 
health policy.

As the definition of BPH varies, the prevalence varies.17 
When responding positively to a question on the diag-
nosis of a benign prostate illness, an individual means that 
some symptoms of LUTS occurred in him, and that he 
sought for medical care and was diagnosed with a benign 
prostate illness. Benign prostate illness primarily refers 
to prostatitis and BPH, which shared many overlapping 
symptoms. Prostatitis without BPH is a diagnosis in young 
men; however, inflammation in the prostate is also 
observed in elderly men presenting with BPH. Gandaglia 
et al18 suggested that histological prostatitis affected the 
progression of BPH because of the inflammatory process. 
Inflammation is a modifiable risk factor in BPH pathogen-
esis.15 Patients presenting with BPH may have a compo-
nent of category IV, asymptomatic prostatitis.19 Thus, in 

our study, individuals over aged 50 who responded posi-
tively to the question on diagnosis with a benign prostate 
illness were counted as having LUTS/BPH.

BPH increases with age, as has been confirmed by 
numerous studies. Loeb et al20 enrolled 278 men from the 
Baltimore Longitudinal Study of Aging and reported that 
the median rate of volume change was 0.6 cc per year 
(range −9.9 to 62.1), corresponding to a median growth 
rate of 2.5% per year (range −29.2% to 176.4%). The study 
was based on autopsy. Although prostate volume is not 
related to LUTS severity directly, it is a risk factor. Roehr-
born et al21 reported that a larger prostate was associated 
with an increased risk of urinary retention, increased 
future need for surgery and clinical progression of BPH. 
Another study, after a follow-up of 16 years, reported 
significantly increased incidence and progression of 
LUTS in older men.22 In our study, LUTS/BPH involved 

Table 2 Weighted prevalence

Characteristics Case, n (%) Prevalence (%) 95% CI

Total 599 (10.17) 10.66 9.36 to 12.12

Age group

  50–59 182 (7.72) 8.39 7.01 to 9.98

  60–69 236 (10.49) 10.61 8.67 to 12.91

  ≥70 181 (14.12) 14.67 11.80 to 18.09

Marital status

  Married 522 (10.21) 10.80 9.61 to 12.12

  Unmarried/Separated/Widowed 77 (9.91) 9.87 6.56 to 14.60

Education level*

  No formal education 162 (8.45) 8.20 6.54 to 10.23

  Elementary school 166 (10.55) 10.69 8.20 to 13.83

  Middle school 130 (9.12) 9.17 6.71 to 12.40

  High school 55 (9.89) 13.99 7.62 to 24.29

  College degree or above 84 (22.89) 21.26 13.55 to 31.73

Geographical region

  Rural 328 (8.77) 8.38 6.90 to 10.15

  Urban 271 (12.63) 13.55 10.95 to 16.64

GDP per capita

  Low 203 (9.60) 10.69 8.20 to 13.83

  Middle 232 (11.84) 11.54 10.09 to 13.16

  High 164 (9.04) 9.83 7.44 to 12.88

Region

  East 244 (9.74) 10.56 8.68 to 12.81

  North 98 (12.58) 12.18 8.63 to 16.92

  North-East 42 (10.40) 12.24 9.11 to 16.25

  North-West 29 (12.95) 13.75 9.92 to 18.75

  South-Central 91 (9.34) 9.76 6.47 to 14.45

  South-West 95 (9.49) 9.53 6.24 to 14.31

*Education level values of 48 cases were missed.
GDP, gross domestic product.
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symptoms of LUTS and histological BPH. Individuals 
aged 60–69 years and ≥70 years had a higher prevalence 
of LUTS/BPH, and the adjusted ORs were 1.5 (95% CI 
1.20 to 1.87) and 2.09 (95% CI 1.58 to 2.78), respectively, 
compared with subjects aged <60 years (p<0.05).

Studies on sex steroid hormones and BPH revealed 
that androstanediols play a role in BPH development.23 
Unmarried/separated/widowed individuals accounted 
for 13.20% in all the respondent participants, having a 
lower adjusted prevalence of LUTS/BPH at 9.87% (95% 
CI 6.56 to 14.60). These people are usually thought 
to have no or less sexual life compared with married men. 
Married men more often intended to visit a doctor in case 
their illness would have a negative impact on their spouse 
and family.

In several studies, socioeconomic status played an 
important role in the progression of LUTS/BPH and 
might vary the results, particularly the prevalence and 
effects of LUTS/BPH.24 For example, some researchers 

found higher rates of BPH in upper income groups, but 
this may be due to selection bias, because of higher util-
isation of medical care.25 26 Using data from the Korean 
Community Health Survey performed in 2011, Jo et al27 
found that the severity of LUTS was associated with several 
socioeconomic factors, including education level, income 
level and living environment. Fowke et al28 found that 
college education or higher level was associated with a 
lower international prostate symptom score (IPSS) score. 
Education levels were obtained when people were young, 
and did not change with ageing. Nevertheless, education 
influenced the understanding of the disease and the deci-
sion-making progress. In our study, we analysed socioeco-
nomic factors including GDP per capita, education levels 
and geographical region. Individuals with college degree 
or above had a high adjusted OR of LUTS/BPH at 2.67 
(95% CI 1.57 to 4.54) (p<0.001), compared with indi-
viduals with no formal education. Individuals residing 
in urban areas were 1.5 times more likely to have the 

Table 3 Adjusted OR for the prevalence of LUTS/BPH

Characteristics Crude OR (95% CI) Adjusted OR (95% CI) P value

Age group <0.001

  50–59 1.00 (reference) 1.00 (reference)

  60–69 1.29 (0.98 to 1.71) 1.50 (1.20 to 1.87) 0.001

  ≥70 1.87 (1.31 to 2.69) 2.09 (1.58 to 2.78) <0.001

Marital status

  Married 1.00 (reference) 1.00 (reference)

  Unmarried/Separated/Widowed 0.90 (0.59 to 1.38) 0.91 (0.63 to 1.30) 0.597

Education level 0.001

  No formal education 1.00 (reference) 1.00 (reference)

  Elementary school 1.34 (0.95 to 1.88) 1.36 (0.97 to 1.91) 0.074

  Middle school 1.12 (0.79 to 1.61) 1.30 (0.93 to 1.82) 0.120

  High school 1.82 (0.84 to 3.92) 2.27 (1.03 to 4.99) 0.043

  College degree or above 3.02 (1.67 to 5.43) 2.67 (1.57 to 4.54) 0.000

Geographical region

  Rural 1.00 (reference) 1.00 (reference)

  Urban 1.71 (1.24 to 2.36) 1.50 (1.71 to 1.92) 0.002

GDP per capita 0.156

  Low 1.00 (reference) 1.00 (reference)

  Middle 1.08 (0.77 to 1.53) 1.23 (0.94 to 1.62) 0.130

  High 0.91 (0.58 to 1.42) 0.99 (0.69 to 1.42) 0.958

Region 0.200

  East 1.00 (reference) 1.00 (reference)

  North 1.17 (0.74 to 1.84) 1.12 (0.75 to 1.67) 0.578

  North-East 1.18 (0.77 to 1.79) 1.03 (0.76 to 1.39) 0.844

  North-West 1.35 (0.86 to 2.11) 1.66 (1.12 to 2.47) 0.012

  South-Central 0.91 (0.55 to 1.51) 0.90 (0.53 to 1.55) 0.696

  South-West 0.89 (0.53 to 1.50) 1.01 (0.66 to 1.53) 0.970

BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms. 
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diagnosis than those in rural areas. We believe that there 
was inevitable selection bias, as residents living in urban 
areas may seek medical care more often than those in 
rural areas. Some individuals lack the recognition of BPH 
and hospital visitation is often delayed.

We demonstrated an apparent geographical variation 
in the prevalence of LUTS/BPH in China. Residents in 
the South-West regions had a much lower prevalence of 
LUTS/BPH than those living in the North-West regions 
of China. Individuals residing in the north regions, 
including North, North-East and North-West, had a rela-
tively higher prevalence of LUTS/BPH than those living 
in South-Central and South-West. Dietary differences 
may contribute to this discrepancy. Daily diet of indi-
viduals living in the north regions contain much milk, 
dairy products and red meat, while individuals living in 
the south regions consume more fruits and vegetables 
than those in the north, which have both been confirmed 
to increase the risk of LUTS/BPH.29 30 Nevertheless, 
residents in the East region did not show a high preva-
lence of LUTS/BPH. It was thought that socioeconomic 
development in the East region was, in general, higher 
than that of the other regions, possibly contributing to 
the lower prevalence of LUTS/BPH. Furthermore, the 
genetic susceptibility of BPH was also a factor influencing 
the prevalence of LUTS/BPH in China. Several studies 

from China reported genetics associated with developing 
BPH,30 possibly one of the factors causing the varying 
prevalence of LUTS/BPH in China.

Our research has several strengths. First, our data 
were based on CHARLS, a national population survey. 
The interviewers were highly trained and questionnaires 
were developed after a long and rigorous course. The 
participants were chosen via strict multistage probability 
sampling procedures. Hence, data from CHARLS can 
represent the national condition. Second, the prevalence 
of LUTS/BPH in China is difficult to estimate because of 
the large population and of the diagnostic criteria. Using 
data from CHARLS, we avoided both questions.

There are some limitations as well. First, CHARLS did 
not collect weight and height, so we could not analyse the 
relationship of body mass index or obesity and the prev-
alence of LUTS/BPH. Second, testicular androgens are 
required in the prostate for the development of BPH. 
Third, as China is a large country, and we all adhere 
to the principles of diagnosis from the China Urology 
Association, the diagnosis of LUTS/BPH may be slightly 
different among regions. We cannot detect these differ-
ences, since the data from CHARLS provide an estab-
lished diagnosis.

In this study, we looked at the prevalence of LUTS/
BPH via CHARLS data. We found that the LUTS/BPH 

Figure 1 Prevalence in each region.  
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is highly prevalent in older, urban-living men. The prev-
alence varied according to marital status, socioeconomic 
status and geographical regions.
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