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Abstract

The objective of this study is to provide comprehensive and up-to-date estimates on the disease burden of BPH in 204
countries and territories between 1990 and 2019. Data about incidence, year lived with disability (YLD), and their age-
standardized rates (ASRs) for 21 regions, 5 Socio-demographic Index (SDI) quintiles, 204 countries and territories, and 12 age
categories from 1990 to 2019 were obtained from the Global Burden of Disease 2019 study. Estimated annual percentage
changes (EAPCs) of the ASRs and the associations between SDI and the ASRs were estimated. The effects of population
growth, population aging, and age-specific rate on the changes in the absolute numbers of incidence and YLD were quantified.
Globally, there were | .26 million (95% uncertainty interval [Ul]: 8.79, 14.46) new cases and 1.86 million (95%Ul: 1.13, 2.78)
YLD due to BPH in 2019. The global ASRs of incidence (EAPC: —0.031, 95% ClI: —0.050, —0.012) and YLD (EAPC: —0.058,
95% Cl: —0.084, —0.03 ) decreased slightly from 1990 to 2019, whereas the absolute numbers increased dramatically from
1990 (incidence by 105.7% and YLD by 110.6%), mainly driven by the population growth (53.5% for incidence and 54.4% for
YLD) and population aging (55.7% for incidence and 63.2% for YLD). The burden of BPH varied markedly among different
regions, socioeconomic status, and countries. As the population is growing and aging, great efforts are required to develop
effective prevention, treatment and management strategies to meet the high and increasing burden of BPH worldwide.

Keywords
benign prostatic hyperplasia, disease burden; incidence, year lived with disability

Received April 27, 2021; revised July 8, 2021; accepted July 12, 2021

As one of the most common urological diseases among
aging men, BPH is characterized by proliferation of both
stromal and epithelial cells of the prostate in the transitional
zone surrounding the urethra, often resulting in the lower
urinary tract symptoms (LUTS, including urgency, fre-
quency, nocturia, incomplete urination, and weak urinary
stream) (Chughtai et al., 2016; Kim et al., 2016). It is a non-
malignant disease and is often underappreciated and under-
diagnosed. BPH induced LUTS is associated with reduced
quality of life (Thorpe & Neal, 2003), impaired psychologi-
cal well-being (Pinto et al., 2015) as well as increased
health cost (Barry & Roehrborn, 2001). If left untreated, it
can cause serious complications, such as urinary retention,
renal insufficiency and renal failure (Lee et al., 2017). In
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view of these, in the context of global population growth
and aging, understanding the disease burden of BPH is
essential for allocating healthcare resources and developing
health policy to relieve the burden.
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Although the epidemiological characteristics about
BPH have been reported for different regions in previous
studies (Arafa et al., 2015; Egan et al., 2015; Lee et al.,
2016; Speakman et al., 2015; Zhang et al., 2019), the
results varied substantially across studies and cannot be
compared directly because of the inconsistences of the
diagnostic criteria of BPH, sampling methods and com-
positions of population studied between literatures. One
study reported the burden of BPH at the global level
based on the GBD 2017 study (Launer et al., 2020). It
only provided limited information about the YLD of BPH
without comprehensive regional, national and age-spe-
cific data. To our knowledge, no study to date has quanti-
fied the effects of population growth and aging on the
change of disease burden of BPH.

To provide comprehensive information about the bur-
den of BPH from 1990 to 2019, using data obtained from
the updated GBD 2019 study and focusing on the inci-
dence and YLD, we reported the global, regional, national
incidence and YLD for BPH by age and SDI, measured
the ASR trends of the incidence and YLD, explored the
associations between the ASRs of incidence and YLD
with SDI, and analyzed the changes in incidence and
YLD by decomposing those changes into the effects of
three main component drivers.

Methods

Data Resource

Data analyzed in this article were obtained from the
GBD 2019 study (http://ghdx.healthdata.org/gbd-
results-tool). Briefly, GBD 2019 incorporated series of
data sources, including surveys, censuses, vital statistics
and claims data, to estimate epidemiological data for
204 countries and territories from 1990 to 2019. The
204 countries and territories were grouped into 21
regions according to their geographic locations (GBD
2019 Diseases and Injuries Collaborators, 2020).
DisMod-MR 2.1 was used to model disease burden
(incidence and YLD) (GBD 2019 Diseases and Injuries
Collaborators, 2020). YLD was estimated as prevalence
multiplied by the disability for the health state associ-
ated with the sequel (GBD 2019 Diseases and Injuries
Collaborators, 2020). The details of the methodology of
the GBD 2019 study have been introduced previously
(GBD 2017 Disease and Injury Incidence and Prevalence
Collaborators, 2018; GBD 2019 Diseases and Injuries
Collaborators, 2020).

Annual male cases and the corresponding ASRs of the
BPH incidence and YLD were extracted according to the
locations (global, 21 regions, 204 countries and territo-
ries), SDI quintiles, and 12 age categories (5-year inter-
vals between the ages of 40 and 94 years and =95 years)
from 1990 to 2019.

SDI

SDI is used in GBD study as a summary measure to reflect
the development status correlated with health outcomes
in each location (GBD 2019 Diseases and Injuries
Collaborators, 2020). In short, it is the geometric mean of 0
to 1 indices of total fertility rate for those under the age of 25,
mean education for those aged 15 and older, and lag-distrib-
uted income per capita (GBD 2019 Diseases and Injuries
Collaborators, 2020). Based on the SDI value in 2019, the
204 countries and territories were divided into five quintiles:
high, high-middle, middle, low-middle, and low.

Statistic Methods

As a summary and widely used measure to reflect the
ASR trend over a specified interval, EAPC was applied to
illustrate the temporal trends for age-standardized inci-
dence and YLD rate of BPH. A regression model with the
equation y=a+[x+e¢ was fitted to the natural logarithm
of ASR, where x stood for calendar year, and EAPC with
its 95% confidence interval (95% CI) was estimated as
100 X (exp(B)—1) (Liu et al., 2019). A positive EAPC
with 95% CI excluding zero was considered as a signifi-
cant increasing trend for the ASR, while a negative EAPC
with 95% CI excluding zero was considered as a signifi-
cant decreasing trend for the ASR.

We employed a generalized additive model with
gaussian process regression on SDI to estimate the asso-
ciations between the ASRs of incidence and YLD and
SDI using GBD 2019 estimates for the global and 21
regions from 1990 to 2019.

To quantify the contributions of driving factors on the
changes of the incidence and YLD number from 1990 to
2019, we decomposed the changes into three factors:
change in the total population, change in the age struc-
ture, and change in the age-specific rate. The observed
net changes in the counts of incidence and YLD equaled
to the sum of the changes of the three components. The
method of decomposition analysis was developed by Das
Gupta (Das Gupta, 1993) and widely used in the GBD
study (GBD 2017 Risk Factor Collaborators, 2018).

Research Ethics and Patient Consent

This study was based upon publicly available data, so
there are no issues about research ethics and patient
consent.

Results

BPH Incidence and YLD

Globally, the estimated incidence case of BPH in 2019
was 11.26 million (95%UI: 8.79, 14.46), increasing from
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5.48 million (95%UI: 4.20, 7.12) in 1990. However, the
ASR of'incidence of BPH decreased slightly from 285.46
(95%UI: 221.45, 370.09) per 1,00,000 persons in 1990 to
280.40 (95%UI: 219.62, 360.32) per 1,00,000 persons in
2019, with an EAPC of —0.031 (95% CI: —0.050, —0.012)
(Table 1). The estimated number of YLD in 2019 was
1.86 million (95%UI: 1.13, 2.78), increasing from 0.88
million (95%UI: 0.53, 1.34) in 1990. Similar with the
change trend of age-standardized incidence rate, the ASR
of YLD of BPH declined slightly from 50.76 (95%UTI:
30.39, 76.18) per 1,00,000 persons in 1990 to 48.90
(95%UI: 29.68, 72.63) per 1,00,000 persons in 2019,
with an EAPC of —0.058 (95% CI: —0.084, —0.031)
(Table 1).

From 1990 to 2019, the ASRs of incidence and YLD
of BPH both increased in low-middle quintile (EAPC:
0.199, 95% CI: 0.113, 0.285; 0.264, 95% CI: 0.185,
0.342, respectively) and low quintile (EAPC: 0.336, 95%
CI: 0.274, 0.399; 0.407, 95% CI:0.347, 0.466, respec-
tively), decreased in high quintile (EAPC: —0.080, 95%
CI: —0.125, —0.035; —0.073, 95% CI: —0.101, —0.044,
respectively) and high-middle quintile (EAPC: —0.389,
95% CI. —0.421, —0.357, —0.443, 95% CI: —0.479,
—0.408, respectively).

Among 21 GBD regions, the ASRs of incidence and
YLD increased in most regions from 1990 to 2019,
among which South Asia had the highest EAPCs for
ASRs of incidence (0.295, 95% CI: 0.147, 0.444) and
YLD (0.374, 95% CI: 0.225, 0.523) respectively. In the
regions having a descending trend, Central Europe had
the lowest EAPCs for ASRs of incidence (—0.172, 95%
CI: —0.275, —0.069) and YLD (-0.180, 95% CI: —0.267,
—0.092) respectively (Table 1).

The absolute numbers and ASRs of incidence and
YLD for BPH in 204 countries and territories are dis-
played in eFigure 1-4 for 1990 and eFigure 5-8 for
2019. The EAPCs of age-standardized incidence and
YLD rate for BPH in 204 countries and territories from
1990 to 2019 are presented in Figure 1. In terms of ASR
of incidence, 16 countries had an increasing trend with
the EAPCs higher than 0.2, among which India (EAPC:
0.311, 95% CI: 0.142, 0.480), Ecuador (EAPC: 0.311,
95% CI: 0.142, 0.480), Mauritius (EAPC: 0.424, 95%
CI: 0.384, 0.464) increased faster, and New Zealand
(EAPC: —0.303, 95% CI: —0.385, —0.221), Indonesia
(EAPC: —0.319, 95% CI: —0.557, —0.080) and Poland
(EAPC: -0.678, 95% CI: —0.996, —0.358) had a decreas-
ing trend with the EAPCs lower than —0.2. The ASRs of
YLD increased in 22 countries with the EAPCs higher
than 0.2, among which Micronesia (EAPC: 0.3121, 95%
CI: 0.270, 0.353), Pakistan (EAPC: 0.313, 95% CI:
0.297, 0.329), Vanuatu (EAPC: 0.326, 95% CI: 0.290,
0.362), India (EAPC: 0.349, 95% CI: 0.173, 0.525),
Ecuador (EAPC: 0.384, 95% CI: 0.092, 0.676),

Mauritius (EAPC: 0.456, 95% CI: 0.420, 0.492)
increased faster. In New Zealand (EAPC: —0.323, 95%
CI: —0.233, —0.221), Indonesia (EAPC: —0.434, 95%
CI: —0.744, —0.124), and Poland (EAPC: —0.692, 95%
CI: —1.032, —0.352), the ASRs of YLD declined with
the EAPCs lower than —0.2.

Age-Specific Incidence and YLD

Globally, the counts of incidence and YLD in 1990 and
2019 both increased initially with age, peaking at 65—69
years of age, and then decreased. The incidence rate
peaked between ages 65 and 69 years both in 1990 and
2019, whereas the YLD rate peaked at 75—79 years of age
(Table 2). For most GBD regions and SDI quintiles in
2019, the peaking age groups for incidence and YLD case
and age-specific rate were similar with those globally
(eFigure 9 and eFigure 10).

Associations Between SDI and ASRs of
Incidence and YLD

The relations between SDI and age-standardized inci-
dence and YLD rate for each GBD region from 1990 to
2019 were illustrated in Figure 2. The estimated associa-
tions between SDI and expected ASRs of incidence and
YLD had similar pattern, as both increasing firstly and
then declining gradually with the increase of SDI. For
most GBD regions, the ASRs of BPH incidence and YLD
remained stable with the gains in SDI over time. South
Asia, Southeast Asia, Central Europe, Eastern Europe,
Andean Latin America, Central Latin America, Oceania
had a higher age-standardized BPH incidence and YLD
rate than expected values based on their SDI for all years
from 1990 to 2019, among which Eastern Europe had the
highest age-standardized rates.

Decomposition Analysis

From 1990 to 2019, the global numbers of incidence
and YLD increased by 105.7% and 110.6% respec-
tively. All SDI quintiles and GBD regions experienced
increases in the incidence and YLD number, with three
SDI quintiles (low-middle, low and middle quintile)
increasing by more than 100% for both these two num-
bers. Simultancously, the incident cases in 12 GBD
regions and the YLDs in 13 GBD regions increased
exceeding 100% respectively. The growths of the inci-
dence and YLD number for Andean Latin America
were greatest, both exceeding 200% (Figure 3). The
effects of driving factors on the changes of the inci-
dence and YLD number were analogous. Population
growth and population aging were the main contribu-
tors (Figure 3).
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Figure 1. EAPCs of ASRs of incidence and YLD for BPH, 1990-2019.

(A\) Incidence. (B) YLD. EAPC = estimated annual percentage change; ASR = age-standardized rate; YLD = year lived with disability; BPH =
benign prostatic hyperplasia; ATG =Antigua and Barbuda; FSM = Federated States of Micronesia; LCA = Saint Lucia; TLS = Timor-Leste; TTO
= Trinidad and Tobago; VCT = Saint Vincent and the Grenadines.

Population aging led to the increased incidence and than 30% in Oceania to greater than 100% in East Asia
YLD numbers for most GBD regions and SDI quintiles. and Central Latin America. For YLDs, the contributions
For incidence case, the contributions ranged from lower  ranged from lower than 30% in Central Asia and Oceania
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Figure 2. The associations between SDI with ASRs of incidence and YLD of BPH for GBD regions, 1990-2019.
(A) Incidence. (B) YLD. Each point represents actual global and region values for ASR starting at 1990 and ending at 2017. Black line represents
expected values on the basis of SDI alone. ASR = age-standardized rate; YLD = year lived with disability; BPH = benign prostatic hyperplasia;

SDI = socio-demographic index; GBD = global burden of diseases.
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Figure 3. Percentage changes in absolute numbers of incidence and YLD for BPH due to population growth, population ageing,

and age-specific rate, 1990-2019.

(A) Incidence. (B) YLD. YLD=Year lived with disability. BPH=Benign prostatic hyperplasia.

to greater than 100% in East Asia, High-income Asia
Pacific, Central Latin America and Tropical Latin
America. Conversely, population aging resulted in the
reductions in incidence numbers for Western Sub-Saharan
Africa (—27.0%), Central Sub-Saharan Africa (—10.6%),
Eastern Sub-Saharan Africa (—8.5%) and low SDI

quintile (—=5.0%), and in YLDs for Western Sub-Saharan
Africa (—26.4%), Central Sub-Saharan Africa (—17.0%),
Eastern Sub-Saharan Africa (—10.8%) and low SDI quin-
tile (—2.7%) (Figure 3).

Except for Central Europe and Eastern Europe, popu-
lation growth had a positive effect on the increases in
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incidence and YLD number in other GBD regions and all
SDI quintiles. The contributions in Central Sub-Saharan
Africa (133.3% for incidence case and 130.7% for YLD),
Western Sub-Saharan Africa (122.3% for incidence case
and 122.7% for YLD), Oceania (115.3% for incidence
case and 115.3% for YLD), Eastern Sub-Saharan Africa
(113.8% for incidence case and 113.1% for YLD) and
low SDI quintile (112.6% for incident case and 119.2%
for YLD) exceeding 100% (Figure 3).

The contributions of age-specific rates on the changes
of absolute cases varied markedly among GBD regions
and SDI quintiles. The contributions of age-specific rate
of incidence on the growth of absolute number of inci-
dence for 21 GBD regions and 5 SDI quantiles ranged
from —23.5% to 29.4%. It contributed to the declines in
10 GBD regions and 3 SDI quintiles, and to the growths
in 11 GBD regions and 2 SDI quintiles. For the age-spe-
cific rate of YLD, it caused the declines of the absolute
number of YLD in 10 GBD regions and 3 SDI quintiles,
and caused the growths of the absolute number of YLD in
11 GBD regions and 2 SDI quintiles, ranging from
—28.4% to 29.5% (Figure 3).

Discussion

The global ASRs of incidence and YLD decreased
slightly from 1990 to 2019, but the absolute numbers of
incidence and YLD increased considerably from 5.48
million in 1990 to 11.26 million in 2019 and from 0.88
million in 1990 to 1.86 million in 2019 respectively. The
increases were mainly driven by the population growth
(53.5% for incidence and 54.4% for YLD) and population
aging (55.7% for incidence and 63.2% for YLD).

We have observed that the growths of ASRs of inci-
dence and YLD juxtaposed with the increases of absolute
numbers of corresponding index occurred in most coun-
tries and territories. Notably, more than half of the GBD
regions have a doubled counts of incident case and YLD.
And our results proved that the increases were mainly
driven by the population growth and aging. These phe-
nomena suggest that the current efforts and health ser-
vices are not sufficient and effective to alleviate the BPH
burden. With the global population growing and the pop-
ulation aging aggravating continuously, and the incidence
rate specifically increasing with age and peaking at the
65—69 years of age group as reported in this study, the
burden of BPH is likely to continue increasing, placing
considerable pressure on the healthcare system(Devlin
et al., 2020; Speakman et al., 2015).

The burden of BPH varied markedly among countries
and territories. China had the largest new incident case
(2.83 million) and YLD (0.41 million) in 2019, whereas
the annual new cases and YLDs in Tolelau, Niue, Nauru
were far less than one thousand. The ASRs of incidence

and YLD in Lithuania were 6-fold and 7-fold higher than
those in Syria, Yemen and Turkey, respectively. The total
population and ageing population are the most important
factors accounting for the variability. In addition, the het-
erogeneity in research methods of different data sources,
especially the BPH definition, is another factor. Although
BPH is a histological diagnosis, it is typically diagnosed
on the basis of LUTS in clinical practice. For example,
Garraway et al. (Garraway et al., 1991) defined BPH
based on the ultrasound determined prostate enlargement
andurinary symptom. Chokkalingam etal. (Chokkalingam
et al.,, 2012) defined BPH with the combination of
digital rectal examination and self-reported International
Prostate Symptom Score. A study identified that the dif-
ference in patient management by urologists across
Europe was great with 10% of patients in France receiv-
ing no examinations at presentation, compared with 0.5%
in Poland (Hutchison et al., 2006). It indicates that differ-
ent healthcare tradition, manpower and training may
influence the diagnosis of BPH, resulting in the diversity
of BPH burden.

Although the BPH burden reported in this study is tre-
mendous and increasing, the actual situation may be more
serious, as there is a probability that the incidence and
YLD of BPH are underreported. Not all BPH is symp-
tomatic (Sarma & Wei, 2012) and it becomes a clinical
entity only when LUTS associated with it are bothersome
enough for a patient to seek medical care (Egan, 2016).
Thus, men with asymptomatic BPH may not be diag-
nosed. Simultaneously, although rare, BPH can cause
deaths as a consequence of LUTS induced renal failure
and infection (Launer et al., 2020). But the methodology
of the GBD study assigned no deaths to the diagnosis of
BPH, resulting in the underestimate of the total impact of
this disease.

Our results imply that the socioeconomic status might
be associated with the burden of BPH. Considering the
growth of BPH burden in different SDI categories, the
increases of incidence and YLD case in the low, low-mid-
dle and middle quintile were all over 100%, much higher
than those in the high-middle and high quintile. At the
same time, the change trends of ASRs of incidence and
YLD were negative in the high-middle and high quintile,
stable in the middle quintile, whilst positive in the low,
low-middle and middle quintile. These are aligned with
the results that expected ASRs elevated first and then
declined with the increase of SDI. Before an SDI of 0.6,
the increases of ASRs might be attributed to the better
healthcare access and disease recognition with the devel-
opment of socioeconomic level. When socioeconomic
status developed to a certain level, the high quality of
medical care reduces the impact of BPH on the health of
patients, resulting in a decrease in ASR of YLD. But this
cannot explain the decline in ASR of incidence in regions
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with high SDI, as the risk factors of BPH, such as obesity
(Chughtai et al., 2016; Li et al., 2019), diabetes (Chughtai
et al., 2016) and periodontal disease (Fang et al., 2021;
Wu et al., 2019), are prevalent in countries with high
socioeconomic status (Afshin et al., 2017; Khan et al.,
2020).

The study findings have important health service
implications. First, the increase in number of people
affected by BPH means that more human resources are
needed for their management. For example, studies esti-
mated that the ratio of urologist to population was about
4.3 per 100,000 in South Korean(Oh, 2017), 3.50 per
10,0000 in USA (McKibben et al., 2016), and anticipated
that the growth rate of manpower could not keep up with
the rate of population aging, resulting in the shortage
of manpower. Second, financial burden related to BPH
will increase significant in the next several decades. In
2006, a cross-sectional survey in six European countries
revealed that the mean one-year treatment costs were
€858 per patient, three quarters of which concerned medi-
cation costs (van Exel et al., 2006). In 2006, UK spent
£44 million on primary care, £69 million on drug treat-
ment, and £101 million for treating BPH associated com-
plications, such as AUR (Devlin et al., 2020). In 2019, an
estimate based on a cost and treatment pattern reflective
of USA Medicare costs reported that the global medical
service costs of BPH reached $73.8 billion annually
(Launer et al., 2020). The financial impact of BPH has
increased dramatically and will continue to do so. Third,
researches on pathogenesis, treatment and intervention of
BPH need to be enhanced. The pathophysiology of BPH
is still poorly understood, restricting the development of
new effective medications (Chughtai et al., 2016; Sarma
& Wei, 2012). A review compared newer drugs, which
were approved or studied for BPH since 2008, with medi-
cations which were approved before 2008 (Dahm et al.,
2017). The results identified that none of the new drugs
or drug combinations had outcomes superior to tradi-
tional alpha-blockers medications (Dahm et al., 2017).
Interventions targeting risk factors of BPH also should be
explored to reduce the risk of development or deteriora-
tion of BPH.

As data were abstracted from the GBD 2019 study,
several limitations shared by all GBD studies should be
acknowledged. First, although extensive efforts had been
made by GBD collaborations to identify data sources, data
is sparse in many countries. To solve this problem, the
DisMod 2.1, a complicated mathematical model, and the
assumption of similarity through geographical proximity
were based on for calculation. Second, as discussed above,
the burden of BPH might be underestimated due to the
disease characteristic and study methodology. Finally, it
does not provide information about the BPH burden attrib-
utable to specific risk factors. Calculating contributions of

risk factors can help to interpret geographic and temporal
patterns of burden, as well as implement interventions and
non-pharmaceutical management.

In conclusion, attributed to the population growth and
aging, the burden of BPH is high and increasing world-
wide, and it may associate with the socioeconomic status.
There still exists disparity between the burden and the
health service response. Great efforts, including policy,
research and health service, are required to tackle this
challenge.
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