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Abstract

Background Benign prostatic hyperplasia (BPH) is a prevalent urological disease in elderly males. However, few
studies have estimated the temporal and spatial distributions of the BPH burden in male adults aged 60 years and
over at the global, national, and regional scales.

Methods Leveraging the Global Burden of Disease, Injuries, and Risk Factors Study, we estimated the global
epidemiological trends in the prevalence, incidence, and disability-adjusted life-years (DALYs) of BPH in 204 countries
and 21 regions and 5 sociodemographic index (SDI) regions in males aged 60 years and over between 1990 and 2019.
The average annual percentage changes (AAPCs) in age-specific rates were estimated to quantify overall trends. We
estimated the contribution of population aging and epidemiological alterations in disease burden via composition
analysis.

Results Over the past three decades, the global prevalent cases, incident cases and DALYs of BPH have increased,
ranging from 118.78 to 121.22%. The global number of prevalent BPH cases reached 79 million in people aged 60
years and older in 2019. The prevalence, incidence, and DALYs rates gradually increased, with AAPCs of 0.02, 0.02, and
0.01, respectively. Low-middle, middle, and low SDI regions experienced rapid increases in the number of prevalent
cases of BPH. In 2019, China, India, and United States of America bore the largest burden of prevalent cases among
people aged 60 years and over. The three regions with the highest prevalence rates of BPH were Eastern Europe,
Central Latin America, and Andean Latin America. The increased prevalence was attributed to population growth
(94.93%), epidemiological changes (3.45%), and aging (1.62%), globally.

Conclusions BPH is a global health issue that imposes substantial economic burdens on most countries, particularly
males aged 60 years and over. Effective health decisions are imperative for BPH prevention and treatment.
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Background

Benign prostatic hyperplasia (BPH) has become an
emerging concern in male health with the aging popula-
tion and changing lifestyle. BPH is characterized by an
enlarged prostate that can cause symptoms linked to the
bladder, urinary tract or kidney, such as partial or com-
plete urethral blockage [1]. An enlarged prostate can
hinder urinary output, leading to lower urinary tract
symptoms (LUTS) [2—4]. In 2019, the age-standardized
prevalence of BPH was 2480 (95% uncertainty inter-
val [UI]: 1940-3090) per 100,000 people globally [5]. In
the U.S., the direct expenditure attributed to treatment,
excluding outpatient drugs, reached $1.1 billion in 2000
[6]. Given the profound social and medical implications
of the BPH burden, further analysis of its long-term trend
is imperative.

Aging is an important determinant of the development
of BPH [7-9]. Globally, a meta-analysis including 30 epi-
demiological studies estimated an approximately 26%
pooled prevalence of BPH in older men between 1990
and 2016 [10]. In China, a meta-analysis based on epide-
miological surveys reported a pooled prevalence of 36.6%
among men aged 40 years and older between 1989 and
2014 [11]. In addition to increasing the risk of acute uri-
nary retention, BPH and LUTS significantly affect quality
of life. A pilot study based on the International Prosta-
tism Symptom Score (IPSS) revealed that older Euro-
pean men, coupled with LUTS and BPH, had an average
score of 4.14 on items related to quality of life, indicat-
ing a worse condition [12]. This finding was supported
by the American Urological Association Symptom Index
[13]. Furthermore, BPH severity may lead to sleep disor-
ders due to the occurrence of nocturia (frequently awak-
ening to urinate at night). In a prior study, researchers
reported that Nocturia-specific Quality of Life (N-QoL)
scores were negatively associated with the frequency of
nighttime voiding [14]. Older males also suffer from mul-
tiple chronic diseases, and these comorbidities increase
the incidence risk and decrease the therapeutic effect
of BPH. For example, among 547 patients who reported
BPH, those who were diagnosed with depression had
higher AUS-AI scores, and their odds of having moder-
ate and even severe LUSTs were three times greater than
those of those without depression in a longitudinal study
[15]. Although a growing body of studies has elucidated
the association between BPH and impaired quality of
life, the current evidence remains heterogeneous due to
contextual differences in various countries and regions.
Therefore, a comprehensive analysis that compiles global
metrics is warranted.

The Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) synthesizes global, national, and
regional epidemiological data via a validated estima-
tion framework, standardized procedure, and advanced
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analysis methods to identify epidemiological trends and
conduct comparisons during specific periods strati-
fied by cause, sex, age group and geographical location
[16-18]. In this study, we aimed to estimate the number,
prevalence, incidence, and disability-adjusted life years
(DALYs) of BPH among older people aged between 60
and 90 years at the global, regional, and national scales
via a GBD study from 1990 to 2019. We also assessed the
proportions attributable to aging, population and epide-
miological factors through a decomposition analysis.

Methods

Study data

The study data were collected and downloaded from the
GBD 2019, which was integrated and published by the
Institute for Health Metrics and Evaluation at the Uni-
versity of Washington, USA. The GBD 2019 offers rough
estimates and 95% UI on cause-specific prevalence,
incidence, and disability for 369 diseases and injuries,
alongside 87 risk factors, in 204 countries and territo-
ries between 1990 and 2019 [19]. The GBD 2019 has
been widely studied for its epidemiological description
of and trends in diseases, prediction of cases, estimation
of health loss and economic burden, and assessment of
health disparities [20-22]. All the data can be found on
the Global Health Data Exchange (GHDx) website.

The definition of BPH was based on the clinical diag-
nosis using the codes of the International Classification
of Diseases (ICD) [23]. The ICD-9 codes used were 600,
600.0, 600.1, 600.2, 600.3 and 600.9, and the ICD-10
codes used were N40, N40.0, N40.1, N40.2, N40.3 and
N40.9. The complications associated with BPH were not
considered in this analysis because these diseases were
mapped to other forms of GBD definitions, such as kid-
ney stones. According to the GBD 2019 design, BPH inci-
dence was estimated only for nonfatal health loss because
fatal complications were grouped into other types of con-
ditions and mortality attributed to these complications
should not be recalculated. Because the WHO defines
older people as those aged 60 years and over, we included
people aged between 60 and 90 years [24]. The age strati-
fication was divided into 5-year intervals starting from 60
years.

Statistical analysis

We procured annual measures encompassing the num-
bers and rates of prevalence, incidence, and DALYs.
Prevalence refers to the total number of cases of a dis-
ease in a population at a given time, whereas incidence
refers to the number of new cases that develop in a spe-
cific period. DALYs measure the overall disease burden,
expressed as the number of years lost due to ill health,
disability, or early death. The detailed data processing
and statistical modeling methods used were described



Ye et al. BMC Urology (2024) 24:193

previously [19]. In brief, DisMod-MR V2.5 software and
meta-regression-Bayesian, regularized, trimmed (MR-
BRT) software were used to estimate the metrics. The Ul
was ascertained for each metric via posterior distribu-
tions after 1000 posterior draws, ranging from the 25th
and 975th order values. However, we used the aggregated
data rather than the original data to estimate the burden
of diseases, increasing potential bias.

The sociodemographic index (SDI), a composite indica-
tor used to assess social and population development in
a country or region, is derived from parameters such as
the fertility rate, education level, and per capita income.
With a range from 0 to 1, higher SDI values denote supe-
rior socioeconomic development. Furthermore, the SDI
is correlated with epidemiological patterns of disease
and mortality [25]. The countries and regions included
in the GBD 2019 study were generally categorized into
five grades (high, high-middle, middle, low-middle, and
low). In this study, we further examined the associations
of BPHs with various SDI regions over time.

We employed joinpoint regression modeling to inves-
tigate alterations in BPH epidemiology trends at global,
regional, and national scales [26]. This method can iden-
tify significant points where the slopes of trends change,
and then the periods can be divided into multiple time
intervals on the basis of the locations of the observed
points. We then calculated the epidemiological trends
for each time interval, represented via average annual
percentage changes (AAPCs) and their 95% Cls [27].
The total asymptotic significance was ascertained via
the Bonferroni correction and Monte Carlo permutation
method, which was applied to 4499 datasets of random
permutations. The AAPCs represent the magnitude of
annual changes. Negative AAPCs denote a downward
epidemiological trend, whereas positive AAPCs denote
an upward epidemiological trend. In detail, AAPC is
determined by first estimating the joinpoint model that
best fits the data. The AAPC for any fixed interval is then
computed as a weighted average of the slope coefficients
from the joinpoint regression model, with the interval.
Finally, this weighted average of the slope coefficients is
transformed into an annual percent change. If b; rep-
resents the slope coefficient for the ¢;;, segment and w;
denotes the length of each segment within the specified
range of years, the following formula is applied:

APC; = {exp(b;) — 1} x 100 and AAPC
_ {exp <%wwb) - 1} x 100

Decomposition analysis was used to quantify the con-
tributions of three determinants (aging, population
growth and epidemiological changes) to epidemiological
metrics over specific periods. Epidemiological changes
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were characterized as modifications in age-adjusted
and population-adjusted mortality and prevalence
rates. We first used the decomposition methodology
of Das Gupta to decompose, prevalence, incidence,
and DALYs by population age structure, population
growth, and epidemiologic changes. For example, the
number of DALYs at each location was obtained
from DALYy pyey = 2,221 (@iy * Py *€iy)s where
DALY 4y py.ey represents DALYs based on the factors of
age structure, population, and the DALYs rate for a spe-
cific year y; @iy represents the proportion of the popula-
tion for the age category i of the different age categories
in a given year y; Py represents the total population in a
given year y; and €iyrepresents the DALYs rate given age
category ¢ in year y. The contribution of each factor to
the change in DALYs from 1990 to 2019 was defined by
the effect of factor changes while the other factors were
held constant.

All the statistical analyses were completed via R version
4.2.1 and the joinpoint regression program (4.9.1.0).

Results

Global prevalence of BPH

In 2019, the global prevalent cases of BPH in patients
aged>60 years was estimated to be 79,309,174 (95%
UL 61,181,380 to 100,520,944), which represented an
increase of 119.01% since 1990. The number of preva-
lent cases across the SDI regions was 13,632,697 (95%
UI: 10,998,556 to 16,806,334) in the high SDI region,
21,905,268 (95% UL 16,972,535 to 27,614,632) in the
high-middle SDI region, 25,432,808 (95% UI: 19,361,477
to 32,726,746) in the middle SDI region, 14,598,225 (95%
UI: 10,963,470 to 19,018,350) in the low-middle region,
and 3,698,996 (95% UL 2,724,222 to 4876579) in the low
region, with the highest increase observed in the low-
middle region at 162.37% from 1990. The three GBD
regions with the highest numbers of prevalent cases of
BPH in patients aged 60 years and older were East Asia,
South Asia, and Western Europe; Andean Latin America,
South Asia, and Central Latin America presented the
greatest increases in new cases since 1990 (Table 1). At
the national and territorial levels, the patterns of preva-
lent cases were diverse among patients aged 60 years and
older. The three countries or territories with the highest
prevalent numbers were China, India, and United States
of American (Fig. 1A and Table S1).

In 2019, the global prevalence rate of BPH in patients
aged 60 years and older was 16,781 (95% UL 12,946
to 21,269) per 100,000 population. The regions with
low-middle SDIs had the highest prevalence of BPH
(19,094.72 95% UL 14,340.40 to 24876.32). In addition,
the three GBD regions with the highest prevalence rates
of BPH in patients aged>60 years were Andean Latin
America, Central Latin America, and Eastern Europe
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Fig. 1 Global map of 2019 prevalence, incidence, and DALYs of BPH from 1990 to 2019. The 2019 prevalence (A), incidence (B), and DALYs (C) in older
adults aged 60-89 years from 1990 to 2019 were shown, respectively. BPH: benign prostatic hyperplasia
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Fig. 2 Joinpoint regression analysis of global BPH. The prevalence (A), incidence (B), and DALYs (C) in older adults aged 60-89 years from 1990 to 2019

were described, respectively. BPH: benign prostatic hyperplasia
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Fig. 3 Decomposition analysis of global and SDI-specific BPH. The prevalence, incidence and DALYs in older adults aged 60-89 years from 1990 to 2019
were shown in this plot. SDI: sociodemographic index. BPH: benign prostatic hyperplasia

From 1990 to 2019, 98.14% of incident cases of BPH
globally was attributable to population growth, -1.29%
attributable to age, and 3.14% attributable to epidemio-
logical changes. Like the pattern of prevalence, the inci-
dence of BPH attributed to population growth among
people aged 60 and over has increased to 113.68% in the
high-middle SDI region at most, as opposed to the low-
middle SDI region, with the lowest proportion of 83.9%.
Aging contributor was linked to decreased BPH inci-
dence during the study period, with the greatest decrease
in the high-SDI region (-3.72%). The largest proportion of
epidemiological changes increased to 21.61% in the low-
SDI region and decreased to -12.33% in the high-middle-
SDI region (Fig. 3B).

In the sensitivity analysis for incidence in different age
groups, the age group of 65-69 years had the highest

prevalent rate, with 2289.45 per 100,000 population
(Fig. 4B).

Global DALYs of BPH

Globally, BPH resulted in approximately 1,561,886
DALYs among people aged 60 years and over in 2019,
representing an increase of 118.78%. The middle SDI
region had the highest numbers of DALYs of BPH at
502,355 (95% UL 295,820 to 761,702), whereas the low
SDI region reported the lowest at 72,338 (95% Ul: 41,955
to 111,020). A significant surge of 161.73% was observed
in the low-middle SDI region. The middle SDI region
accounted for the highest number of DALYs, whereas the
low SDI region reported the lowest number of DALYs
among individuals aged 60 and above. A similar rapid
increase of 161.73% was noted in the proportion within
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Fig. 4 The prevalence, incidence, and DALYs of BPH across different age groups in 2019. The prevalence (A), incidence (B), and DALYs (C) in older adults
with 60-64 years, 60-89 years, 65-69 years, 70-74 years, 75-79 years, 80-84 years and 85-89 years in 2019 were described, respectively. BPH: benign

prostatic hyperplasia

the low-middle SDI region. The regions of East Asia,
South Asia, and Western Europe had the greatest number
of DALYs in 2019, with a dramatic increase of 221.70%
detected in Andean Latin America (Table 3). Across
countries and territories, China, India, and United States
of American ranked among the top three total number
of DALYs of BPH among older people aged 60 year and
older in 2019 (Fig. 1C and Table S3).

Globally, the DALYs rate increased by approximately
329.64 to 330.49 per 100,000 population from 1990 to
2019 among patients aged 60 years and older. The over-
all trend over time increased, with an AAPC value of
0.01 (95% CI: 0.00 to 0.03). In 2019, the low-middle SDI
region reported the highest number of DALYs, at approx-
imately 373.05 per 100,000 population, whereas the
high SDI region presented the lowest rate of DAYLs, at
approximately 247.39 per 100,000 population (Fig. 2C).
In 2019, Andean Latin America, Central Latin America,
and Eastern Europe were the regions with the highest
DALYs rate of BPH among individuals aged 60 years and
over (Table 2).

During 1990 and 2019, the number of DALYs of BPH
globally included epidemiological changes of -3.35%, an
age of 3.76%, and population growth of 99.59%. Among
the five SDI regions, the largest proportion of aging, pop-
ulation, and epidemiology contributors was 5.59% in the
high-middle SDI region, 103.21% in the high SDI region,
and 18.91% in the low SDI region, respectively (Fig. 3C).

In the sensitivity analysis for DALYs rate in different
age groups, the 75-79 years age group had the high-
est prevalent rate, with 471.04 per 100,000 population
(Fig. 4C).

Discussion

In the spatial and temporal GBD analysis among people
aged 60 years and over, we found significant increasing
trends in the number of incident and prevalent cases,
as well as DALYs of BPH between 1990 and 2019, which
is consistent with studies showing that the histological
situation of BPH continues to rise with age [6, 28, 29].
Overall, the number of prevalent cases increased by
119.01% from 1990 to 2019. We also observed increasing
prevalence rates in high-middle, middle, and low-mid-
dle regions among older people aged 60 years and over.
Specifically, the highest metrics, including prevalence,
incidence, and DALYs, were found in China, India, and
United States of America, in that order. The two larg-
est regions contributing to the rates of prevalence, inci-
dence, and DALYs were East Asia and South Asia. These
findings inform the ongoing debate on health decisions
regarding BPH among older people.

Our findings suggested that the burden of BPH was
highest in older people, especially those aged 60 and over,
which was consistent with the findings of previous sur-
veys. A meta-analysis including 25 countries reported
that the lifetime prevalence of BPH was 26.2%, and the
age-specific prevalence increased with age [10]. Global
epidemiological estimates further substantiated this evi-
dence, indicating that adult males aged 65—74 years bore
the maximum absolute burden of BPH. Additionally, the
highest age-specific prevalence was observed among
individuals aged between 75 and 79 years [5]. In addi-
tion, these global estimates were supported by commu-
nity studies from different countries, such as Britain and
the U.S. [30, 31], indicating that older male people were
associated with a high risk of BPH and that this condition
can even be aggravated as LUTS. Our analysis revealed
that incident rates, prevalence rates and DALYs rates
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methodologies and populations studied in different stud-
ies, leading to different outcomes.

Notably, rapidly increasing cases have been reported
in Andean Latin America, South Asia, and Central Latin
America. A previous study revealed that the disease bur-
den of LUTS will be greatest in Asia, South America and
Africa in the coming decades [31]. Nevertheless, our find-
ings provide a warning against the increasing prevalence
of BPH in burgeoning countries. The economic burden
attributed to BPH has been highlighted in the 21st cen-
tury. In 2000, the U.S. recorded approximately 8 million
clinic visits for benign prostatic hyperplasia, incurring a
direct treatment expenditure of US$1.1 billion, excluding
outpatient medication costs [31, 51]. In the global male
population aged>65 years, the estimated economic bur-
den of BPH is $73.8 billion annually [52, 53]. According to
our analysis, the prevalence in Western European peaked
in 2019, with 42171.49 per 100,000, along with increased
medical expenditures. Hence, our findings are highly rel-
evant for the enhancement of health service infrastruc-
ture, capacity development of human resources, and
prediction of economic burdens. Furthermore, our study
results indicate that the burden of BPH has increased
most significantly in high-middle SDI regions, which is
consistent with previous findings [54, 55]. This is primar-
ily due to changes in dietary patterns and lifestyles as SDI
levels rise, increasing men’s exposure to BPH risk factors,
along with the extended life expectancy of men.

Some limitations of this work should be acknowledged.
First, the estimation and description of the GBD data-
base should be meticulous because the results depend
on the quality of the data source and the robustness of
the methodology. Second, the temporal analysis of BPH
in the GBD was divided into distinct age, sex, year, and
geographic location groups; however, the differences
in race and ethnicity merit further study. For example,
we found heterogeneous rates across Eastern countries
and Western countries that represented diverse popu-
lations. Third, this study relies on the GBD 2019 data-
base; however, the estimates for different countries and
regions worldwide may lack accuracy due to variations in
healthcare infrastructure, data collection methods, and
reporting practices. The quality of GBD data can differ
significantly across countries, with lower-income coun-
tries often having less comprehensive health data sys-
tems. This can lead to underreporting or misclassification
of BPH cases, particularly in countries such as China,
India, and the Russian Federation, where large-scale epi-
demiological surveys are lacking. These factors can affect
the reliability of our estimates. Fourth, according to the
designed GBD framework, each death was assigned to
a unique underlying cause of death. The mortality asso-
ciated with BPH was attributed to diverse complica-
tions and was excluded from the BPH estimates. Finally,
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owing to data limitations, this study did not explore the
impact of socioeconomic factors and healthcare acces-
sibility on the economic burden of BPH across differ-
ent countries and regions. Variations in socioeconomic
status and access to healthcare can significantly influ-
ence the diagnosis, treatment, and management of BPH,
affecting reported prevalence and incidence rates. Future
research should examine how these factors contribute to
differences in the burden of BPH across various settings
to provide a more comprehensive understanding of its
impact on healthcare resources.

Conclusions

Preventing BPH threatens global male health, especially
in people aged 60 years and older, leading to significant
disease burdens and economic expenditures. Our find-
ings show that the increasing prevalent cases of BPH
impacts individuals aged 60 years and over and that
population growth is an underlying determinant. In the
future, several populous countries, such as China, India,
and United States of America, will experience a greater
disease burden of BPH among older people aged 60 years
and over. Effective health decisions are imperative for the
prevention and treatment of BPH. For example, enhanc-
ing the allocation of relevant healthcare resources,
strengthening health education campaigns, promoting
knowledge about the prevention of urinary system dis-
eases, and advocating for healthy diets and lifestyles can
help rapidly reduce the global burden of BPH.
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