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Purpose: Urinary tract infection (UTI) is the second-most-common type of infection in
China. This study aimed to determine the long-term trends in the incidence of UTI in
Mainland China between 1990 and 2019.

Materials and Methods: Data were extracted from the Global Burden of Disease Study
2019 and were analyzed with the age—period—cohort framework.

Results: The net drift in the incidence of UTI was —0.37% (95% CI: —0.40%, —0.35%) in
males and —0.25% (95% CI: —0.29%, —0.20%) in females. For males, the local drift was
lower than 0 (P<0.05) among those younger than 90 years. For females, the local drift was
lower than 0 (P<0.05) among those younger than 60 years and higher than 0 (P<0.05) in
those aged 65-79 years. In the same birth cohort, the incidence of UTI was higher in females
than in males in all age groups (P<0.05). The period relative risk (RR) showed a decreasing
pattern after 2005 in both sexes. The cohort RR showed a downward trend of the birth cohort
after 1905 for males and 1960 for females.

Conclusion: The incidence has increased significantly among older females over the past 30
years. It is necessary to develop a comprehensive intervention plan for reproductive health
services covering females and males of all ages.
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Introduction

A urinary tract infection (UTI) normally refers to a bacterial infection that occurs
between the urethral orifice and the perirenal fascia.' It is one of the most common
types of bacterial infection,” with 150 million people worldwide affected annually.’

Urinary tract infections (UTIs) have a serious economic burden on society by
harming work efficiency, personal and family responsibilities, quality of life, and
sexual health.*”” At the same time, UTIs have high recurrence rates.>* The repeated
occurrence of UTIs can cause serious sequelae, including urinary sepsis, glandular
cystitis, and pyelonephritis,”'® and even severe renal failure leading to death.'' The
frequent or improper use of antibiotics when treating UTIs can also cause compli-
cations, such as high antibiotic resistance, dysbacterial flora, and Clostridium
difficile colitis."* For females, UTIs during pregnancy can cause serious complica-
tions of pregnancy, parturient and perinatal infants, such as premature birth,
eclampsia, anemia, and low-birthweight infants."?

China is currently the most populous country globally, and UTI imposes a huge
burden on the health system. As the second-most-common type of infection in China,
UTI accounted for 11.65% of healthcare-associated infections from 2006 to 2016.'
However, there have been few studies of the trends in the incidence of UTI in China.
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This study used data from the Global Burden of Disease
Study 2019 (GBD 2019) data and applied an age—period—
cohort (APC) framework to explore the incidence of UTI
according to sex and age groups in Mainland China over the
past 30 years. The findings of this research will fill major
gaps in this area and may also be useful as reference infor-
mation when planning future inventions for UTI in Mainland
China.

Materials and Methods

Data Source
The GBD 2019 database contains internally consistent
estimates of the sex- and age-specific incidence rates of
more than 300 diseases and injury types globally, region-
ally, and nationally from 1990 to 2019."> GBD 2019 data
on Mainland China mainly come from five sources: the
Chinese Center for Disease Control and Prevention, the
Office for and Child Health
Surveillance, the Health Statistics

Information at the National Health Commission, the

National Maternal

Center for and
National Office for Cancer Control and Prevention, and

individual  researchers at academic institutions
worldwide.'® UTI was defined in this study according to
the 9th and 10th revisions of the International
Classification of Diseases (ICD10: N10-N12.9, N13.6,
N15, N15.1-N16.8, N30-N30.3, N30.8-N30.9, N34-N34.
3, N39.0-N39.2; ICD9: 590-590.9, 595-595.9, 597-597.9,
599.0)."° The datasets generated and/or analyzed during
the current study are available in the GBD repository:

http://ghdx.healthdata.org/gbd-results-tool.

Statistical Analysis

An APC model was used in this study to evaluate the
effects of age, period, and cohort on the incidence of
UTI. The APC is widely used in epidemiology to identify
secular trends in disease incidence and mortality rate. The
APC can be considered essentially as a multiple regression
model which was developed based on the Poisson distri-
bution. The specific equation was exhibited as follows:

Y = u + adge; + pPeriod; + yCohorty + ¢

where Y denotes the response variable—the net effect on
UTI incidence for groups, «, f, and y denoted the coeffi-
cient of age, period, and cohort of the APC model, respec-
tively, and g denoted the intercept of the model, and &
denoted the residual of the APC model.

The age effect represents how the risks of different out-
comes vary between age groups. The period effect represents
the change in the results over time and affects all age groups at
the same time. The cohort effect is related to the differences in
results between groups with the same birth year. This study
focused on estimating the following parameters: the net drift,
which indicates the overall annual percentage change; the local
drift, which indicates annual percentage changes for each age
group; the longitudinal age curve, which indicates the fitted
longitudinal age-specific rates in the reference cohort adjusted
for period deviations; and the period (or cohort) relative risk
(RR), which is the RR of a period (or cohort) relative to the
reference period (or cohort) adjusted for age and nonlinear
cohort (or period) influences.

Figure 1 shows the flow chart presenting the proce-
dures of this study. To conduct the APC analysis, the
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Figure 2 Trends in the age-standardized incidence rates (ASIRs) and crude incidence rates (CIRs) per 100,000 population for UTI by sex in Mainland China from 1990 to
2019. The GBD 2019 global age-standard population was used to assess the age-standardized incidence rate.

incidence data were grouped into consecutive 5-year
periods from 1990 to 2019. Successive 5-year age inter-
vals from 0 to 4 years to 90 to 94 years were included.
Individuals aged >95 years were not considered in this
study because those aged >95 years are recorded as
a single group in the GBD 2019 database. The para-
meter was estimated using the APC Web Tool'’

(Biostatistics Branch, National Cancer Institute,
Bethesda). The center value of the age group, age, and
birth cohort was defined as the -corresponding

reference.'® Wald chi-square tests were used to test the
significance of the functions that could be estimated.
The GBD 2019 global age-standard population was
used to assess the age-standardized incidence rate
(ASIR). All statistical tests were two-sided, and differ-
ences were considered
P values less than 0.05.

statistically significant for

Results
Trends in the Incidence Rates of UTI by

Sex from 1990 to 2019

The crude incidence rate (CIR) and ASIR of UTI from
1990 to 2019 according to sex are shown in Figure 2.
For males, the CIR of UTI increased from 298.6 per
100,000 in 1990 to 380.8 per 100,000 in 2019. The
standardized incidence of male UTI decreased, from
331.0 per 100,000 in 1990 to 305.0 per 100,000 in

2019. For females, the CIR of UTI increased from
2199.4 per 100,000 in 1990 to 2812.3 per 100,000 in
2019. The standardized incidence of UTI among females
also declined, from 2279.1 per 100,000 in 1990 to
2173.9 per 100,000 in 2019. Overall, from 1990 to
2019 the CIR of UTI in Mainland China increased by
27.5% in males and by 27.9% in females, while the
standardized rate of UTI decreased by 7.8% in males
and by 4.6% in females.

Local Drift with Net Drift Values for the
Incidence of UTI

The overall annual change percentage (net drift) of the
incidence of UTI and the annual change in UTI in each
age group (local drift) are shown in Figure 3. The net
drift was —0.37% (95% confidence interval [CI] = —
0.40% to —0.35%) for males and —0.25% (95% CI = —
0.29% t0—0.20%) for females, all showed a significant
decrease over the past 30 years (P<0.05). The local drift
among females younger than 60 years was significantly
decreased (P<0.05) and was lowest among those aged
0-5 years, at —1.25% (95% CI = —1.53% t0-0.98%).
The local drift of females aged 65-79 years was sig-
nificantly increased (P<0.05). The local drift of males
aged younger than 90 years decreased significantly
(P<0.05), and was lowest among those aged 0-5 years,
at —1.13% (95% CI = -1.20% to—1.05%).
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Figure 3 Local drift with net drift values for the incidence of UTI in Mainland China. Age-group-specific annual percentage change (local drift) with the overall annual
percentage change (net drift) in the incidence rates of UTI and the corresponding 95% confidence intervals (Cls).
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Figure 4 Longitudinal age curves of the incidence of UTI in Mainland China. Fitted longitudinal age-specific rates of the incidence of UTI (per 100,000 person-years) and the
corresponding 95% Cls (some of them were too narrow to show in the figure).

Longitudinal Age Curves of Incidence of 30-34 years, with a second peak at 50-54 years. For
UTI b)’ Sex males, with the exception of children aged 0—4 years,
Figure 4 shows longitudinal age curves of the incidence of ~ UTI first increased and then decreased with age, with
UTL In the same birth cohort, females aged 5-9 years had ~ their incidence being highest between 55 and 59 years of
the lowest incidence of UTI. For females, the incidence of  age. Also, the incidence of UTI was significantly higher in
UTI increased rapidly with age, reaching the first peak at  females than in males for all age groups (P<0.05).
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Figure 5 Period and cohort relative risks (RRs) of the incidence rate of UTI by sex in Mainland China. (A) For period RR and (B) for cohort RR. The period RR of each
period compared with the reference (2000 to 2004) adjusted for age and nonlinear cohort effects, and the corresponding 95% Cls. The cohort RR of each cohort compared
with the reference (the 1955 cohort) adjusted for age and nonlinear period effects, and the corresponding 95% Cls (some of them were too narrow to show in the figure).

Period and Cohort Relative Risks of
Incidence Rate of UTI by Sex

Figure 5 shows the estimated period RRs and cohort RRs
according to sex. Compared with the reference period from
2000 to 2004, period RRs have declined in recent years in
both females and males. The cohort RRs showed a general
decline after 1960 in females and after 1905 in males.

Discussion

This study used the APC framework to explore the long-
term trends in the incidence of UTI in Mainland China
from 1990 to 2019. As far as we know, this is the first
study to investigate APC-specific effects on the incidence
of UTI according to sex. Our results show that between

1990 and 2019, the ASIR of UTI decreased in both
Chinese males and females, whereas the incidence of
UTI increased in females aged 65 to 79 years.

Our incidence estimates on older females are broadly con-
sistent with previous population-based studies in the UK. In the
Clinical Practice Research Datalink study (Approximately 7%
of the UK population are included), the incidence of UTI for
female increased (episodes per 100 person-years at risk) from
9.03 to 10.96 in those aged 65—74, and 11.35 to 14.34 in those
aged 75-84 from 2004 to 2014." In contrast to previous
studies, we did not identify the increase in any age groups in
male for the last 30 years. Reasons for this could include the
increased focus in China on reproductive health in recent years

and lifestyle changes due to economic development.
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This study found certain differences between the CIR
and ASIR of UTI, which may be related to recent changes
in the population structure of China. During the past 30
years, the decline in the fertility of the Chinese population
and the increased life expectancy have together produced
a continual decline in the proportion of children younger
than 14 years.>® According to a national survey conducted
by the National Bureau of Statistics, as at the end of 2018,
the number of older adults aged at least 60 years in China
had reached 249 million, accounting for approximately
17.9% of the total population.®!

This study found that the incidence of UTI was higher in
females than in males. America found the same situation that
the lifetime risk of UTI for females is about 50% and about
20% for males.”*> In the absence of known urinary tract
abnormalities, females are more likely to develop UTIs than
males due to the shortness of the female urethra, interference of
urine flow, and frequent vaginal colonization.”* The present
study found that the incidence of UTI decreased between 1990
and 2019 in females younger than 60 years and in males
younger than 90 years. For females, this may be related to
improvements in reproductive health in China.”> In 2003,
China launched a maternal health system covering the rural
population that included providing females in central and
western regions with economic subsidies for delivery in hos-
pitals, as well as providing all citizens with free selected
reproductive health services, which may have reduced the
probability of UTIs in young females. However, the reproduc-
tive health services in China focus on young people, which
means that older females—and especially those living in rural
areas—often cannot receive free services.”® Considering the
increasing incidence of UTI among Chinese older females over
the past 30 years, it is necessary to develop a comprehensive
intervention plan for reproductive health services covering
older females.*

For males, the decrease in UTIs among those younger than
90 years over the past 30 years may be related to lifestyle
changes brought about by economic development. Moreover,
the increased focus in China on male reproductive health in
recent years has also helped to reduce UT]Is in younger groups.
Like most countries worldwide, the Chinese population is
rapidly aging.*' It is estimated that by 2030 the elderly popula-
tion in China will reach 400 million, equivalent to the total
population of 15 European Union countries,?’ and China will
remain the most populous country in the world and the country
with the largest elderly population.”” Considering the increas-
ing trend in UTIs among Chinese older females over the past

30 years, such infections are likely to have a huge impact on the
health of Chinese elderly in the future.

Age is an important risk factor for UTI. This study found
that the incidence of UTI was higher in children aged 04 years
than in older children. UTI is the most common bacterial
infection in childhood™ and reason for
hospitalization.”” The higher incidence of UTI in childhood
may be related to differences in the bacterial intestinal flora of

the main

children, an immature immune system, and an abnormal urin-
ary tract.” It should be noted that the occurrence of UTI in
children may be a sentinel event of potential kidney damage,
and hence needs to receive sufficient clinical attention.

The higher incidence of UTI in young people may be
related to more-active sexual behavior.*® For elderly
females, a significant decrease in estrogen levels after meno-
pause will cause some physiological changes in normal
females, such as vaginal atrophy, changes in the normal
vaginal flora, and an increase in the vaginal pH. These
physiological changes are related to the occurrence of recur-
rent UTIs.*' At the same time, perimenopausal females are
more susceptible to bacterial infections and UTIs.*?

The period effect reflects the immediate impact of social
factors on the incidence of disease.>” The present study found
that the risk of UTI in both males and females decreased after
2005 compared with 2000 to 2004. The reduced risk of male
UTI may be related to greater attention being paid to male
reproductive health in China in recent years. Since 2000, China
has designated 28 October each year as Men’s Health Day. By
identifying different themes and holding special exhibitions on
male health each year, the Chinese government has promoted
their health issues and announced a series of public policies
conducive to promoting male reproductive health.

As mentioned above, the risk of female UTI has
reduced, which is mainly related to improvements in
reproductive health. The cohort effect reflects changes in
disease risk in a particular birth cohort.** In the present
study, the birth cohort effect showed that both males and
females born more recently had lower risks of UTI. This
may be related to changes in lifestyles, more-sanitary
conditions, and improvements in health habits.

This study has revealed the trends in the incidence of UTI
in Mainland China over the past 30 years. The results obtained
in this study may help in controlling the problem of UTI in
China. However, this study also had some limitations. First, the
study utilized GBD data on UTI in Mainland China. These data
are macrolevel estimates at the national level, and it might not
be possible to reliably interpret macrolevel results at the indi-
vidual level. Secondly, this study did not compare the trends in
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