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Abstract

Background/Objectives: To analyze the incidence and mortality trend of
syphilis in China from 1992 to 2021, and to evaluate the impact of age,
period and birth cohort factors on the incidence and mortality of syphilis, so
as to provide reference for the targeted prevention and control management
of syphilis and the rational allocation of health resources. Methods: The
incidence and mortality data of syphilis in China from 1992 to 2021 in the
Global Burden of Disease 2021 (GBD 2021) database. were collected. The
age-standardized incidence rate (ASIR) and age-standardized mortality rate
(ASMR) of syphilis from 1992 to 2021 were described by the joint point
regression model. The age-period-cohort (APC) model was used to analyze
the effects of age, period and birth cohort factors on the incidence and
mortality of syphilis. The Nordpred model was used to predict the incidence
and mortality of syphilis in 2022-2046. Results: Compared with 1992, the
overall incidence of syphilis in 2021 increased by 0.93%, the number of
males decreased by 1.57%, and the number of females increased by 11.81%.
During the same period, the overall ASIR and ASMR decreased by 0.95%
and 12.50%, respectively. The ASIR of males decreased by 3.93%, and the
ASIR of females increased by 10.81%. The regression analysis of the
coupling points showed that the ASIR and ASMR of syphilis in China
showed an upward-downward-upward trend from 1992 to 2021. The age
effect of the APC model showed that the risk of syphilis in both men and
women showed an inverted U-shaped curve, with peaks at 25-29 years old
and 20-24 years old, respectively. The risk of death increased with age. The
period effect showed that the risk of syphilis in men increased with the
passage of time, while that in women increased first and then decreased with
the passage of time. The risk of death for both men and women decreased
over time. The birth cohort effect showed that the later the birth, the lower
the risk of syphilis incidence and death. The results of Nordpred model
showed that the number of syphilis cases, deaths and age-standardized rates
showed a downward trend from 2022 to 2046. Conclusions: From 1992 to
2021, the overall incidence and mortality of syphilis in China showed an
upward-downward-upward trend. The risk of syphilis incidence and death
was affected by age, period and birth cohort factors. Young people,
especially men, were the main group of syphilis incidence. The risk of
syphilis death in the elderly population was high. Syphilis screening and
treatment should be strengthened to reduce the risk of death

Keywords: syphilis; incidence rate; mortality; age-period-cohort model;
prediction

1. Introduction:

Syphilis is a chronic systemic disease caused by Treponema pallidum
infection [1]. It is mainly transmitted through sexual contact [2], which is
extremely harmful. It not only affects the urogenital system, but also
damages the nervous system, cardiovascular system, eye system, liver
system and so on [3]. Globally, more than 5 million new cases of syphilis
are reported each year [4].
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The number of cases is high, the disease is serious, the affected
population is wide, and the difference between different regions is
obvious [5]. Syphilis has become a common public health problem,
which seriously endangers human physical and mental health [6].
The syphilis epidemic cannot be ignored. Based on the Global
Burden of Disease 2021 (GBD 2021) database, this study
systematically analyzed the trend characteristics of syphilis
incidence and mortality in China from 1992 to 2021. Through the
age-period-cohort model (APC) model, the effects of age, period
and birth cohort on the incidence and mortality of syphilis were
analyzed in depth, and the incidence and mortality of syphilis from
2022 to 2046 were predicted, aiming to provide reference for the
formulation and optimization of syphilis prevention and control
policies.

2. Materials and Methods

2.1 Data source

The research data are derived from the Global Burden of Disease
2021 (GBD 2021) database. This research project was established
by the Institute for Health Metrics and Evaluation (IHME) at the
University of Washington in the United States. The database covers
371 diseases [7] and 88 risk factors [8] attributable burden of
disease data in 204 countries and regions and 811 national
subregions. The database integrates a wide range of data sources,
including national health surveys, scientific literature,
epidemiological data, disease registration data, etc. [9].
redistributes garbage codes and unclear codes in different source
data, and corrects issues such as underreporting, incompleteness,
and misclassification [10]. The data is reliable. Data on the number
of syphilis cases, deaths and their corresponding age-standardized
rates in China from 1992 to 2021 were ob-tained from the database.

2.2 Research method

2.2.1 Time trend analysis The trend of age-standardized incidence
rate (ASIR) and age-standardized mortality rate (ASMR) of
syphilis in China from 1992 to 2021 was an-alyzed by using the
connection point regression model, and the annual percent change
(APC) was calculated to evaluate the internal trend of each year.
Joinpoint 4.9.1.0 soft-ware can be used to analyze the joint point
regression model. ASIR and ASMR were used as dependent
variables, year as independent variable and gender as grouping
variable to construct the regression model of the connection point.
The Monte Carlo permutation test method was used to select the
model. The significance level was 0.05, the number of
permutations was 4499, 30 data points, and the maximum
connection point was 5. If APC > 0, the incidence or mortality rate
showed an upward trend; if APC < 0, the incidence / mortality rate
showed a downward trend.

2.2.2 Analysis of age-period-cohort model Age-period-cohort
(APC) model was used to evaluate the effects of age, period and
birth cohort factors on the incidence and mortality of syphilis. The
model requires age, period, and cohort spacing to be con-sistent.
Referring to previous studies [11], this study used a continuous 5-
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year-old age group as an age group and every 5 years as a period
or cohort group. Due to the collin-earity problem among age,
period and cohort, the model was solved by the endogenous factor
(Intrinsic Estimator, IE) method (Yang et al. [12]), and the APC
model was fitted. The effect coefficients of age, period and birth
cohort of syphilis incidence and death were obtained. Relative Risk
(RR) =EXP (effect coefficient) [ 13] represents the risk of incidence
and death of specific age, period and birth cohort relative to the
average level.
2.2.3 Syphilis morbidity and mortality prediction The Nordpred
model is a long-term prediction model based on the age-period-
cohort analysis model [14]. The deviation between the predicted
value and the observed value can be reduced by con-sidering the
change of morbidity or mortality and the dynamic population
structure, and the result is more accurate. It is widely used in
disease prediction [15,16]. The model expression is:
5
R,=(A+D-p+P +C) )

7 represents the incidence or mortality of age group 4 and period

A . . .
group P , 2 is the parameter of age group, D js the common drift
parameter of the linear component used for calculating the trends

of the period and the cohort, 7 is the non-linear effect attributed

. C . . .
to the period, and ¢ is the non-linear effect attributed to the cohort.

2.3 statistical analysis

In this study, R language (version 4.3.3) was used to complete data
cleaning and format conversion. Joinpoint 4.9.1.0 software was
used to analyze the change trend of syphilis ASIR and ASMR. The
APC model was fitted by Statal6.0 software, and the test level was
a = 0.05. R package Nordpred was used to predict the incidence
and mortality of syphilis. R package tidyverse, ggplot2, etc. were
used for data collation and visualization.

3. Results

3.1. Comparison of syphilis incidence and mortality between
1992 and 2021

The number of syphilis cases increased from 2.0284 million in
1992 to 2.0472 million in 2021, representing an increase of 0.93 %.
The ASIR (Age-Standardized Incidence Rate) decreased from
147.80 per 100,000 to 146.40 per 100,000, and the crude incidence
rate decreased from 168.10 per 100,000 to 143.80 per 100,000,
with decreases of 0.95 % and 14.46 %, respectively. In the same
period, the number of syphilis deaths decreased by 51.22 %, the
crude mortality rate decreased from 0.34 per 100,000 to 0.14 per
100,000 (a decrease of 58.82 %), and the ASMR (Age-
Standardized Mortality Rate) decreased from 0.40 per 100,000 to
0.35 per 100,000 (a decrease of 12.50 %). However, there were
gender differences. In 2021, the incidence and mortality indicators
of males were lower than those in 1992, and the incidence and
ASIR of females were higher than those in 1992. See Table 1.

Table 1: Comparison of syphilis incidence and mortality in China between 1992 and 2021
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The whole crowd Male Female
Index
In 1992 In 2021 r(;?:?*ge) 1992  1In2021 gi‘:;‘(,ge) In 1992 In 2021 g?:?(ge)
0 0 0
Number of cases 202.84 20472 093 164.99 16240  -1.57 3785 42.32 11.81
(10,000 cases)
Crude incidence rate 168.10 14380 -14.46 26474  223.05 -1575 6492  60.93 6.15
(per 100 000)
Standardized morbidity 47 o 14640 -0.95 231.03 22194 393 5821 6450 1081
(per 100 000)
death count
(10,000 cases) 041 020  -51.22 0.22 0.11  -50.00  0.18  0.09 -50.00
crude death rate
(bt 100 000) 034  0.14  -58.82 0.36 015  -5833 031  0.13 -58.06
standard death rate 040 035  -12.50 0.42 036 -1429 039 034  -12.82

(per 100 000)

Note: Change rate = (2021 value-1992 value) / 1992 value x 100 %

3.2 Trends in incidence and mortality of syphilis in China from
1992 t0 2021

3.2.1. Trend of Syphilis Incidence

The ASIR of syphilis in China showed an upward-downward-
upward trend from 1992 to 2021. It can be divided into three stages.
From 1995 to 2000, it showed a rapid upward trend, with an APC
of 2.54 %. From 2008 to 2019, it turned into a downward trend,
with an APC of -1.76 % (P < 0.05). From 2019 to 2021, it showed
an upward trend, with the APC reaching 3.59 % (P < 0.05). The
trend of the ASIR for male syphilis was divided into three stages.
It decreased slightly from 1992 to 1995 (APC =-0.21%, P <0.05),

and then increased from 1995 to 2011. It increased rapidly from
1995 to 2000 (APC =2.10%, P < 0.05), and the growth rate slowed
down from 2000 to 2011 (APC = 0.04%, P < 0.05). There was a
turning point in 2011. From 2011 to 2018, it showed a downward
trend, and the decline was the fastest from 2011 to 2014 (APC = -
3.27%, P < 0.05). The change of the ASIR for female syphilis was
also divided into three stages. There was an upward trend from
1992 to 2003 and a significant decline from 2003 to 2019 (APC =
—2.85%, P <0.05). From 2019 to 2021, it increased again, with the
APC reaching 11.74% (P < 0.05). See Table 2 and Figure 1.

Table 2: Trend of standardized incidence of syphilis in China from 1992 to 2021

Sexuality Particular year APC (%) 95% CI t value P value
1992-1995 -0.26 -1.20~0.69 -0.58 0.567
1995-2000 2.54 1.93~3.15 8.96 <0.001
population 2000-2008 -0.15 -0.4~0.09 -1.33 0.203
2008-2019 -1.76 -1.9~-1.62 -26.29 <0.001
2019-2021 3.59 1.70~5.51 4.07 0.001
1992-1995 -0.21 -0.34~-0.08 -3.55 0.004
1995-2000 2.10 2.02~2.18 54.87 <0.001
male 2000-2011 0.04 0.02~0.06 3.79 0.002
2011-2014 -3.27 -3.51~-3.02 -28.35 <0.001
2014-2018 -1.10 -1.22~-0.97 -18.90 <0.001
2018-2021 0.05 -0.08~0.17 0.84 0.418
1992-2003 2.80 2.3~3.31 11.68 <0.001
2003-2019 2.85 -3.14~-2.55 -19.73 <0.001
female
2019-2021 11.74 3.76~20.33 3.11 0.005
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Figure 1: Trend of standardized incidence of syphilis in China Joinpoint chart

3.2.2 Trend analysis of syphilis mortality

The ASMR of syphilis in China showed an overall upward-
downward-upward trend from 1992 to 2021, with two turning
points, including an upward trend from 1992 to 2002 (APC = 1.49
%, P < 0.05), a downward trend from 2002 to 2019 (APC = -4.18
%, P<0.05), and an upward trend from 2019 to 2021 (APC=21.03
%, P < 0.05). Male and female changes are consistent with the

overall. The ASMR of males showed an upward trend from 1992
to 2002, a downward trend from 2002 to 2019 (APC= -4.11 %, P
<0.05), and an upward trend from 2019 to 2021 (APC=20.41 %,
P < 0.05). For women, 1992-2001 was the rising period (APC=
2.22 %, P < 0.05), 2001-2019 was the declining period (APC= —
4.10 %, P < 0.05), and 2019-2021 was the rising period (APC =
20.92 %, P < 0.05). See Table 3 and Figure 2.

Table 3: Trend of standardized mortality of syphilis in China from 1992 to 2021

Sexuality Particular year APC (%) 95%CI t value P value
population 1992-2002 1.49 0.48~2.51 3.07 0.006
2002-2019 -4.18 -4.66~-3.69 -17.48 <0.001
2019-2021 21.03 5.42~38.96 2.87 0.009
male 1992-2002 1.33 0.33~2.35 2.76 0.011
2002-2019 -4.11 -4.59~-3.63 -17.25 <0.001
2019-2021 20.41 5.16~37.88 2.84 0.009
female 1992-2001 2.22 1.03~3.42 3.89 0.001
2001-2019 -4.10 -4.53~-3.66 -19.01 <0.001
2019-2021 20.92 5.33~38.81 2.85 0.009
owe|  fhomsng S
0424 e : emale - Joinpoint 1/2; 2001 - ;g?;;g*;:gg : ;i:v
. Female - 2Joinpoints
0.406 . 1992-2001 APC = 222*
2001-2019 APC = 4107
5 0.368 . 2019-2021 APC = 20.92*
§_ : *  Both -2 Joinpoints
g e TR — 2 zmonec - 4o
Eﬂ_ 0.2%1 e - 2019:2021 APC ;11.‘032
5 o0
0.215 Male - Joinpoint 2/2: ZDTB' ' 1
0176 e
0.138

10
19971 1984 1857 2000 2003 2006 2008 2012 2015 2018 2021

Year

Note : * indicates P <0.05
Figure 2: Trends in the standardized mortality of syphilis in China Join point chart.
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3.3 APC model analysis of syphilis incidence and mortality in
China

3.3.1 Age effect

The age distribution of syphilis risk in men and women showed an
inverted U-shaped curve, both of which began to rise rapidly from
15 to 19 years old (RR > 1), and men peaked at 25-29 years old (RR
=5.664,95 % CI: 5.610-5.718), which was 466.4 % higher than the
average risk. Women peaked at 20-24 years old (RR =

Aditum Publishing —www.aditum.org

4.070,95 % CI: 4.019-4.121), 307 % higher than the average risk.
The risk of male and female decreased significantly after 55 years
old (RR < 1), and reached the lowest value in 60-64 years old. See
Figure 3A. The risk of syphilis death in men and women increased
with age. Among them, the risk of death in 30-64 years old was
always lower than the average risk (RR < 1), began to rise rapidly
in 85-89 years old, and peaked in 90-94 years old. See Figure 3B.

A 6 —&— Male
—e— Female

B | —=—Male
—e—Female

T T T T T T T T
q\>~\q,—\>nﬂr\‘>~,ﬁ )-3
\\\‘-fﬂan‘-: a\;-’,)ghs

<
& @}?

Age

T T

n,t»;a 9;\), (\o"@'\”‘j\“ﬁ?‘-ﬁn

A S E S G
Age

Figure 3: (A) Age effect of syphilis incidence in China from 1992 to 2021. (B) Age effect of syphilis mortality in China from 1992 to
2021

3.3.2 Period effect

The risk of syphilis in men increased over time, with the lowest
risk in 1992 ~ 1996 (RR = 0.759,95 % CI: 0.757 ~ 0.762). The risk
began to be higher than the average risk from 2002 to 2006 (RR =
1.007), and peaked from 2017 to 2021 (RR=1.170,95 % CI: 1.166-
1.174). The risk of syphilis in women increased first and then
decreased. The risk of syphilis was the lowest from 1992 to 1996
(RR=0.809,95 % CI: 0.805-0.813), and the risk of syphilis peaked
from 2002 to 2006 (RR = 1.122,95 % CI: 1.119-1.126), which was
12.2 % higher than the average risk. The risk began to decline from
2007 to 2011, and the risk was the lowest from 2017 to 2021 (RR

—&— Male
—e— Female

w104 ----
-4
09 -

0.8

07 T T T T T

B

s

i
!

Period

o ,\q“b “\’“\
KL O

=1.004,95 % CI: 1.000-1.009), as shown in Fig.4A. The risk of
syphilis death in men and women gradually decreased over time.
Males had the highest risk of death from 1992 to 1996 (RR =1.650,
95 % CI: 1.397-1.948), lower than the average risk from 2007 to
2011 (RR = 0.982), and the lowest risk of death from 2017 to 2021
(RR = 0.704, 95 % CI: 0.572-0.867), which was 70.4 % of the
average risk. The risk of syphilis death in women was the highest
from 1992 to 1996 (RR =1.562,95 % CI: 1.216-2.006), and the risk
of death continued to decline from 1997 to 2021, but the statistical
significance was not significant (P > 0.05). See Figure 4B.
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Figure 4: (A) Period effect of syphilis incidence in China from 1992 to 2021. (B) Period effect of syphilis mortality in China from
1992 to 2021

3.3.3 Birth cohort effect

The risk of syphilis in males and females decreased with the
passage of birth cohort, and the risk of syphilis in males born from
1937 to 1941 was the highest (RR = 1.682, 95 % CI: 1.658-1.707),
which was 68.2 % higher than the average risk. From 1977 to 1981,
the incidence risk of birth population began to be lower than the
average level (RR < 1). The risk was the lowest in 2012 ~2016 (RR
=0.531, 95%CI: 0.432 ~ 0.653). Women had the highest risk from
1932 to 1936 (RR=1.679,95 % CI: 1.610-1.752). From 1977

to 1981, the incidence risk of birth population began to be lower

than the average level (RR < 1). The risk of syphilis was the lowest
in the population born from 2007 to 2011 (RR=0.621,95 % CI:
0.603-0.639). See Figure SA. The risk of syphilis death in males
decreased with the birth cohort. The risk of death in the 1902-1906
birth cohort was the highest (RR=1.908), and the risk of death in
the 1987-1991 birth cohort reached the lowest value. Most of the
other birth cohorts were not statistically significant (P > 0.05). The
risk of syphilis death in women showed a downward trend with the
birth cohort, but the statistical significance was not significant (P
> 0.05). See Figure 5B.
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Figure 5: (A) Birth cohort effect of syphilis incidence in China from 1992 to 2021. (B) Birth cohort effect of syphilis mortality in
China from 1992 to 2021.
3.4 Prediction of syphilis incidence and mortality in China from
2022 to 2046 downward trend. It is predicted that the total number of syphilis
3.4.1 Prediction of syphilis incidence cases in China in 2046 will be 1,200,280, with 1,024,726 cases in
The prediction results of syphilis incidence are shown in Figure 6. males and 175,554 cases in females. The overall ASIR will be
The incidence and ASIR (Age-Standardized Incidence Rate) of the 121.82 per 100,000, 180.49 per 100,000 in males, and 35.91 per

overall population, males, and females in China showed a 100,000 in females.
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Figure 6: Prediction of syphilis incidence in China from 2022 to 2046
3.4.2 The Prediction of syphilis mortality
The prediction results of syphilis mortality are shown in Figure 7. number of syphilis-related deaths in China will be 799 by 2046,
From 2022 to 2046, the overall, male, and female deaths due to with 436 males and 363 females. The overall ASMR will be 0.13
syphilis and the age-standardized mortality rates (ASMRs) in per 100,000, 0.13 per 100,000 for males, and 0.14 per 100,000 for

China showed a downward trend. It is predicted that the total females.
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Figure 7: Prediction of syphilis death in China from 2022 to 2046
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4. Discussion

Based on the data of GBD 2021 database, this study analyzed the
incidence and mortality of syphilis in China from 1992 to 2021.
The results showed that the incidence of syphilis in 2021 was 0.93
% higher than that in 1992. The main reason was the increase of
population, rapid social development, transportation and economic
development, population mobility, screening expansion and other
comprehensive factors [17]. However, the incidence and ASIR
decreased by 14.46 % and 0.95 %, respectively. The number of
syphilis deaths, mortality and ASMR decreased by 51.22 %, 58.82
% and 12.50 %, respectively. Although the number of cases
increased, ASIR and ASMR decreased after structural adjustment,
suggesting that the prevention and control of syphilis in China has
achieved good results in recent years. Especially since 2010, the
government has taken a number of intervention measures, such as
promoting sexual health education and publicity, cracking down on
illegal sexual transactions, improving the STD prevention and
control system, and providing free detection and treatment of
syphilis, which have greatly reduced the spread of syphilis. The
incidence, incidence rate, ASIR, mortality, crude mortality and
ASMR of syphilis in men are significantly higher than those in
women, which may be related to the fact that men are more exposed
to gender-specific risk factors, such as male-male behavior, which
increases the risk of male infection [18], neglects health problems,
and has low medical compliance, which can easily lead to delayed
diagnosis and advanced syphilis, and aggravate the risk of death.
Therefore, at the level of disease prevention and control, it is
necessary to carry out targeted health promotion of male syphilis,
strengthen early screening and standardized treatment, and reduce
the risk of death.

The results of the joint point regression analysis showed that the
ASIR and ASMR of syphilis in China from 1992 to 2021 generally
showed a trend of increasing first, then decreasing and then
increasing. Among them, syphilis ASIR decreased the fastest from
2008 to 2019, which may be due to the introduction of China 's
syphilis prevention and control plan (2010-2020) [19] and the
implementation plan for the prevention of mother-to-child
transmission of AIDS, syphilis and hepatitis B [20] in 2010 and
2011, which reduced the risk of syphilis transmission. From 2002
to 2019, syphilis ASMR showed a rapid downward trend,
indicating that since the new century, people's quality of life has
improved and medical technology has advanced, leading to a
decrease in syphilis mortality. However, the ASIR and ASMR of
syphilis in China showed an upward trend from 2019 to 2021. It
may be due to the outbreak of COVID-19 in 2020. With medical
attention shifted to the epidemic, the intervention services for
sexually transmitted diseases were limited, and the screening and
diagnosis rates of syphilis decreased, resulting in a large number of
hidden infections that were not found and treated in a timely
manner [21]. This is consistent with the findings of Liu M [22] on
the epidemiological and clinical effects of the COVID-19 outbreak
on syphilis, and those of Yan X [23] on the prevalence of sexually
transmitted diseases in China affected by COVID-19. With the
control of the epidemic in 2021, syphilis rebounded, resulting in an
overall upward trend in 2019-2021. Syphilis still poses a
continuing challenge to public health. In addition, the improvement
of syphilis diagnosis and testing technology and the strengthening
of syphilis screening have led to an increase in the incidence of
syphilis [17]. In the future, it is still necessary to strengthen routine
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screening of syphilis to reduce the burden of syphilis disease.

The age effect of APC model showed that the risk of syphilis in
China showed an inverted U-shaped distribution, and the risk of
syphilis began to increase significantly from 15 to 19 years old,
which was related to the gradual younger age of sexual behavior,
immature sexual psychology and lack of knowledge of STD
prevention and treatment [24] It is suggested that we should pay
attention to the problem of syphilis infection in adolescents and
improve the popularization and education of sexual knowledge
among young students. Secondly, the peak risk of syphilis in men
and women is 25-29 years old and 20-24 years old, respectively.
The peak age of women is earlier than that of men, which is related
to women having sexual contact slightly earlier, including the
situation where women may start sexual activities earlier due to
precocious development and are more likely to suffer from forced
sexual assault [3]. The high risk of syphilis among men and women
aged 15 - 49 years is consistent with the findings of Nied Awiedzka-
Stadnik M [25] on syphilis in Poland and Peng X [26] on syphilis
in Beijing. It may be due to the good physical condition, high
energy level and active sexual life of the population in this age
group. They are a high-risk group for sexually transmitted diseases
and are often prone to syphilis infection due to extramarital sexual
contact and unsafe sexual behavior. At the same time, with the
popularity of social networks, dangerous behaviors (casual sexual
behavior, multiple sexual partners, drug use, etc.) have increased
[27]. Therefore, young and middle-aged people with special
clinical symptoms should be vigilant and tested for syphilis as soon
as possible. At the same time, this study found that the risk of
syphilis death gradually increased with age, and the risk of death
was the highest at 90 ~ 94 years old. The elderly syphilis population
had decreased body immunity, more basic metabolic diseases, and
poor tolerance to treatment, which could lead to serious
consequences, such as neurosyphilis (10 % ~ 30 % of advanced
patients), cardiovascular syphilis (4 % ~ 9 % of advanced patients),
etc. [28], multi-disease comorbidity [29], further aggravating the
risk of syphilis death in the elderly.

The period effect shows that the risk of syphilis in Chinese men has
been increasing over time, which may be related to physiological
differences and male unhealthy lifestyles. Men who have sex with
men (MSM) have a higher rate of syphilis infection [30]. MSM
groups use social software to find sexual partners and are prone to
high-risk sexual behaviors [31], thereby increasing the risk of
syphilis transmission. Peeling [32] and Guo [33] found that the
incidence of syphilis among MSM increased. The risk of sexually
transmitted diseases increased first and then decreased with the
passage of time. From 2007 to 2011, the risk of sexually
transmitted diseases began to decline. In 2010, China issued the "
China Syphilis Prevention and Control Plan (2010-2020) " to
improve the screening rate and treatment rate of syphilis in
pregnant women. The policy has achieved initial results. In this
study, the overall risk of syphilis death in Chinese men and women
showed a downward trend over time, which may be related to the
improvement of residents ' health awareness and the progress of
treatment technology.

Cohort effect shows that the risk of syphilis incidence and death in
China shows a downward trend with the passage of birth cohort,
that is, the later the birth cohort is, the lower the risk of syphilis
incidence and death is. On the one hand, it is related to the
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improvement of people 's economic status, the good sex education
of the new birth cohort, and the stronger health literacy and disease
prevention awareness [34].0n the other hand, it may be related to
the development of medical technology and the gradual
improvement of medical security system and better prognosis. The
Nordpred model predicts that the number of syphilis cases, deaths,
ASIR and ASMR in China will continue to decline from 2022 to
2046, which is related to China 's emphasis on and continuous
development of syphilis prevention and control policies, good
results, and the goal of curbing the rapid rise of syphilis [35].

5. Conclusions

The incidence and mortality of syphilis in China from 1992 to 2021
showed an upward-downward-upward trend, and it is predicted
that the incidence and mortality of syphilis in China will continue
to decline in the future. The risk of syphilis morbidity and mortality
is affected by age, period, and birth cohort. It is recommended to
implement precise prevention and control by population. For
young men (especially MSM), free syphilis rapid detection should
be provided through voluntary counseling clinics and STD clinics.
Free syphilis self-test tools should be promoted in high-risk
population gathering places such as bars to achieve early diagnosis
and standardized treatment. The media should be used to publicize
the harm of syphilis and improve the awareness of syphilis
prevention and control and active detection. For the elderly
population, syphilis is included in the annual physical examination
routine project, syphilis screening is strengthened and the treatment
effect is tracked to reduce the risk of late complications. Syphilis
should be included in the items of hospitalization and preoperative
examination to reduce missed diagnosis. At the same time, health
education was carried out to improve the awareness of syphilis
prevention and health behavior of the whole people, and reduce the
burden of disease and the risk of death. There are some limitations
in this study: the study does not include provincial and municipal
geographic distribution data, and it is difficult to reveal the regional
differences in the prevalence of syphilis. At the same time, there is
a lack of relevant data on the sexual behavior characteristics of key
populations such as MSM. Follow-up studies should focus on
solving these problems and comprehensively analyze the burden of
syphilis disease.

Author Contributions: Conceptualization, T.H.; methodology,
M.L.; software, M.L.; validation, M.L.; formal analysis, M.L.;
investigation, T.H.; writing—original draft preparation, M.L.;
writing—review and editing, T.H.; supervision, T.H.; project
administration, T.H.; funding acquisition, T.H. All authors have
read and agreed to the published version of the manuscript.

Funding: This study received no funding.

Data Availability Statement: This study analyzed the publicly
available dataset - the Global Burden of Disease 2021 (GBD 2021).
This database was established by the Global burden of disease
(GBD) project carried out by the Institute for Health Metrics and
Evaluation at the University of Washington in the United States.
The specific data can be obtained from the Global Health Data
Exchange (GHDx) , through the website with free access
(http://ghdx.healthdata.org/gbd - results - tool).

Conflicts of Interest: The authors declare no conflicts of interest.

Aditum Publishing —www.aditum.org

References:

1.

10.

11.

12.

13.

Mercuri SR, Moliterni E, Cerullo A, Di Nicola MR, Rizzo N,
Bianchi VG, & Paolino, G. Syphilis: a mini review of the
history, epidemiology and focus on microbiota. New
Microbiol, 2022, 45(1): 28-34.

Yu W, You X, Luo W. Global, regional, and national burden
of syphilis, 1990-2021 and predictions by Bayesian age-
period-cohort analysis: a systematic analysis for the Global
Burden of Disease Study 2021. Front Med, 2024, 11: 1448841.
doi:10.3389/fmed.2024.1448841

Chen T, Wan B, Wang M, Lin S, Wu Y, Huang J. Evaluating
the global, regional, and national impact of syphilis: results
from the global burden of disease study 2019. Sci Rep, 2023,
13(1): 11386. doi:10.1038/s41598-023-38294-4

Tao YT, Gao TY, Li HY, Ma YT, Li HJ, Xian-Yu CY, Deng
NJ, Zhang C. Global, regional, and national trends of syphilis
from 1990 to 2019: the 2019 global burden of disease study.
BMC Public Health, 2023, 23(1): 754. doi:10.1186/s12889-
023-15510-4

Jin Q, Zhang J, Xia J, Qin J, Zhou X. Epidemiological analysis
of syphilis surveillance among entry-exit population at
Shanghai Port, China from 2014 to 2022. Arch Public Health,
2023, 81(1): 157. doi:10.1186/s13690-023-01176-2

Li J, Yang Y, Huang B, Zeng J. Epidemiological
characteristics of syphilis in mainland China, 2004 to 2019. J
Int  Med Res. 2024, 52(6):3000605241258465.
doi:10.1177/03000605241258465

Cen J, Wang Q, Cheng L, Gao Q, Wang H, Sun F. Global,
regional, and national burden and trends of migraine among
women of childbearing age from 1990 to 2021: insights from
the Global Burden of Disease Study 2021. J Headache Pain.
2024, 25(1): 96. doi:10.1186/s10194-024-01798-z

GBD 2021 Risk Factors Collaborators. Global burden and
strength of evidence for 88 risk factors in 204 countries and
811 subnational locations, 1990-2021: a systematic analysis
for the Global Burden of Disease Study 2021. Lancet, 2024,
404(10449):244. doi:10.1016/S0140-6736(24)00933-4

Chen B, Zhan Z, Fang W, Zheng Y, Yu S, Huang J, Pan J, Lin
S, Guo Q, Xu Y. Long-term trends and future projections of
larynx cancer burden in China: a comprehensive analysis from
1990 to 2030 using GBD data. Sci Rep. 2024, 14(1):26523.
doi:10.1038/s41598-024-77797-6

GBD 2021 Diseases and Injuries Collaborators. Global
incidence, prevalence, years lived with disability (YLDs),
disability-adjusted life-years (DALYs), and healthy life
expectancy (HALE) for 371 diseases and injuries in 204
countries and territories and 811 subnational locations, 1990-
2021: a systematic analysis for the Global Burden of Disease
Study 2021. Lancet. 2024, 403(10440): 2133-2161.
doi:10.1016/S0140-6736(24)00757-8

Beller J. Age-period-cohort analysis of depression trends: are
depressive symptoms increasing across generations in
Germany. Eur J  Ageing, 2022,19(4):1493-1505.
doi:10.1007/s10433-022-00732-z

Yang Y, Schulhofer-Wohl S, Fu W/, et al. The intrinsic
estimator for age-period-cohort analysis: what it is and how to
use it. Am J Sociol, 2008, 113(6): 1697-1736.

Gao Y, Liu X. Secular Trends in the Incidence of and

Copyright © Tiesheng Han

8|Page


http://aditum.org/
http://aditum.org/

International Journal of Epidemiology and Public Health Research 8

14.
15.
16.
17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

Copyright © Tiesheng Han

Mortality Due to Alzheimer's Disease and Other Forms of
Dementia in China From 1990 to 2019: An Age-Period-Cohort
Study and Joinpoint Analysis. Front Aging Neurosci. 2021,
13:709156. doi:10.3389/fnagi.2021.709156

Jirgens V, Ess S, Cerny T, Vounatsou P. A Bayesian
generalized age-period-cohort power model for cancer
projections. Stat Med. 2014, 33(26): 4627-4636.
doi:10.1002/sim.6248

Valery PC, Laversanne M, Clark PJ, Petrick JL, McGlynn KA,
Bray F. Projections of primary liver cancer to 2030 in 30
countries worldwide. Hepatology, 2018, 67(2):600-611.
doi:10.1002/hep.29498

LinJL, Lin JX, Lin GT, Huang CM, Zheng CH, Xie JW, Wang
JB, LuJ, Chen QY, Li P. Global incidence and mortality trends
of gastric cancer and predicted mortality of gastric cancer by
2035. BMC Public Health, 2024,24(1):1763. doi:
10.1186/s12889-024-19104-6

Chen XS. Challenges in responses to syphilis epidemic.
Lancet Infect Dis. 2017, 17(8):793-794. doi:10.1016/S1473-
3099(17)30327-4

Gao L, Zhang L, & Jin Q. Meta-analysis: prevalence of HIV
infection and syphilis among MSM in China. Sex Transm
Infect. 2009, 85(5):354-358. doi:10.1136/st1.2008.034702
Qin J, Yang T, Xiao S, Tan H, Feng T, Fu H. Reported
estimates of adverse pregnancy outcomes among women with
and without syphilis: a systematic review and meta-analysis.
PLoS One, 2014, 9(7): €102203. doi:
10.1371/journal.pone.0102203

Chen YF, Ding JP, Yan HJ, Lu J, Ding P, Chen GH, Li JJ,
Huan XP, Yang HT, Tang WM, Fu GF. The current status of
syphilis prevention and control in Jiangsu province, China: A
cross-sectional study. PLoS One, 2017, 12(8): ¢0183409. doi:
10.1371/journal.pone.0183409

Sentis A, Prats-Uribe A, Lopez-Corbeto E, Montoro-
Fernandez M, Nomah DK, de Olalla PG, Mercuriali L, Borrell
N, Guadalupe-Fernandez V, Reyes-Uruefia J, Casabona J.
Catalan HIV and STI Surveillance Group The impact of the
COVID-19 pandemic on Sexually Transmitted Infections
surveillance data: incidence drop or artefact. BMC Public
Health, 2021, 21(1): 1637. doi:10.1186/512889-021-11630-x
LiuM, Zhou J, Lan Y, Zhang H, Wu M, Zhang X, Leng L, Mi
X, & Li J. A Neglected Narrative in the COVID-19 Pandemic:
Epidemiological and Clinical Impacts of the COVID-19
Outbreak on Syphilis. Clin Cosmet Investig Dermatol. 2023,
16:2485-2496. doi:10.2147/CCID.S417522

Yan X, Wang X, Zhang X, Wang L, Zhang B, Jia Z. The
Epidemic of Sexually Transmitted Diseases Under the
Influence of COVID-19 in China. Front Public Health. 2021,
9:737817. doi:10.3389/fpubh.2021.737817

Wu X, Hong F, Lan L, Zhang C, Feng T, Yang Y. Poor
awareness of syphilis prevention and treatment knowledge
among six different populations in south China. BMC Public
Health. 2016, 16: 287. doi:10.1186/s12889-016-2966-4
Niedzwiedzka-Stadnik M, Zakrzewska K. Syphilis in Poland
in 2020. Przegl Epidemiol. 2022, 76(3):391-401.
doi:10.32394/pe.76.37

Peng X, Yu S, Wu F, Yang J, Wang Y, Li Y, Zhang G, Lai C,
Wei Z, Zhang W. Syphilis infection and epidemiological
characteristics in Haidian District, Beijing, China, 2013-2018.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Aditum Publishing —www.aditum.org
Public Health. 2021, doi:
10.1016/j.puhe.2020.11.009
Garga S, Thomas M, Bhatia A, Sullivan A, John-Leader F, &
Pit S. Geosocial Networking Dating App Usage and Risky
Sexual Behavior in Young Adults Attending a Music Festival:
Cross-sectional Questionnaire Study. J Med Internet Res.
2021, 23(4): €21082. doi:10.2196/21082
Barros ZDS., Rodrigues BGM, Frota KMG, Penha JCD,
Nascimento FFD, Rodrigues MTP, Mascarenhas MDM.
Syphilis detection rate trend in aged people: Brazil, 2011-
2019. Rev Bras Epidemiol, 2023, 26: ¢230033.
doi:10.1590/1980-549720230033
Fu L, Tian T, Wang B, Lu Z, Bian J, Zhang W, Wu X, Li X,
Siow RC, Fang EF, He N, Zou H. Global, regional, and
national burden of HIV and other sexually transmitted
infections in older adults aged 60-89 years from 1990 to 2019:
results from the Global Burden of Disease Study 2019. Lancet
Healthy Longev. 2024, 5(1): el7-e30. doi:10.1016/S2666-
7568(23)00214-3
Sentis A, Martin-Sanchez M, Arando M, Vall M, Barbera MJ,
Ocaiia I, Gonzalez Cordon A, Alsina M, Martin-Ezquerra G,
Knobel, H., Gurgui, M., Vives, A., Coll, J., Cayla, J. A., Garcia
de Olalla, P., STI-HIV group of Barcelona Sexually
transmitted infections in young people and factors associated
with HIV coinfection: an observational study in a large city.
BMJ Open. 2019, 9(5): €027245. doi:10.1136/bmjopen-2018-
027245
Fujimoto K, Flash CA, Kuhns LM, Kim JY, Schneider JA.
Social networks as drivers of syphilis and HIV infection
among young men who have sex with men. Sex Transm Infect,
2018, 94(5): 365-371. doi:10.1136/sextrans-2017-053288
Peeling RW, Mabey D, Kamb ML, Chen XS, Radolf JD,
Benzaken AS. Syphilis. Nat Rev Dis Primers, 2017, 3:17073.
doi:10.1038/nrdp.2017.73
Guo Y, Chen F, Gong H, Wu Z, Zhang X, Ning T, Liu Z, Bai
J, Li L, Yang J, Zhao F, Hou J, Yu M, Tang H. Trends in
Incidence of HIV and Syphilis Among Men Who Have Sex
with Men - Tianjin Municipality, China, 2013-2022. China
CDC Wkly, 2024, 6(27):651-657.
doi:10.46234/ccdcw2024.121
Zhang W, Yuan Y. Knowledge, attitudes, and practices of
parents toward sexuality education for primary school children
in  China.  Front  Psychol. 2023, 14:1096516.
doi:10.3389/fpsyg.2023.1096516
Shi L, Chen L, Liu X, Hu H, Chen Y, Chen Y, Zhang Z, Zhou
Y, LuJ, Yang D, Guan W. Evaluating the effect of the plan of
national syphilis control in controlling the syphilis epidemic in
Jiangsu, China 2010-2020. Front Public Health. 2023, 11:
1281229. doi:10.3389/fpubh.2023.1281229.

190:62-66.

9|Page


http://aditum.org/
http://aditum.org/

