
Du et al. BMC Infectious Diseases          (2022) 22:574  
https://doi.org/10.1186/s12879-022-07544-7

RESEARCH

Increasing incidence rates of sexually 
transmitted infections from 2010 to 2019: 
an analysis of temporal trends by geographical 
regions and age groups from the 2019 Global 
Burden of Disease Study
Min Du1, Wenxin Yan1, Wenzhan Jing1, Chenyuan Qin1, Qiao Liu1, Min Liu1 and Jue Liu1,2* 

Abstract 

Background: World Health Organization announced its goal of ending sexually transmitted infection (STI) epidem-
ics by 2030. To provide a reference for tailored prevention strategies, we analyzed trends and differences in STIs by 
geographical regions and age groups from 1990 to 2019.

Methods: Annual number of new infections and age-standardized incidence rates (ASRs) of syphilis, chlamydia, gon-
orrhea, trichomoniasis, and genital herpes were recorded from the 2019 Global Burden of Disease study. We quanti-
fied the temporal trends of STIs by calculating changes in new infections and estimated annual percentage changes 
(EAPCs) of ASR.

Results: The ASRs of syphilis, chlamydia, trichomoniasis, and genital herpes increased by 1.70% (95% confidence 
interval [CI], 1.62–1.78%), 0.29% (95% CI 0.04–0.54%), 0.27% (95% CI 0.03–0.52%), and 0.40% (95% CI 0.36–0.44%) per 
year from 2010 to 2019 worldwide, respectively, while that of gonorrhea did not. The American regions had the great-
est increase in ASR for syphilis (tropical Latin America: EAPC, 5.72; 95% CI 5.11–6.33), chlamydia (high-income North 
America: EAPC, 1.23; 95% CI 0.73–1.73), and gonorrhea (high-income North America: EAPC, 0.77; 95% CI 0.12–1.41). 
Additionally, southern sub-Saharan Africa and East Asia had the greatest increase in ASR for trichomoniasis (EAPC, 
0.88; 95% CI 0.57–1.20) and genital herpes (EAPC, 1.44; 95% CI 0.83–2.06), respectively. In the most recent years, the 
population with the greatest incidence of syphilis tended to be younger globally (25–29 years in 2010 vs. 20–24 years 
in 2019) but older in North Africa and Middle East (20–24 year vs. 25–29 years); with chlamydia tended to be older in 
southern sub-Saharan Africa (25–29 years vs. 30–34 years) but younger in Australasia (40–44 years vs. 25–29 years); 
with genital herpes tended to be older in high-income North America (20–24 years vs. 25–29 years) and South Asia 
(25–29 years vs. 30–34 years).

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  jueliu@bjmu.edu.cn

1 Department of Epidemiology and Biostatistics, School of Public Health, 
Peking University, Beijing, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-022-07544-7&domain=pdf


Page 2 of 16Du et al. BMC Infectious Diseases          (2022) 22:574 

Background
Sexually transmitted infections (STIs), including syphi-
lis, chlamydia, gonorrhea, trichomoniasis, and genital 
herpes, are globally a major public health problem. Chla-
mydia trachomatis and Neisseria gonorrhoeae (N. gonor-
rhoeae) infections have a detrimental influence, including 
disseminated infection, tubal-factor infertility, pelvic 
inflammation, and ectopic pregnancy [1–4]. The risk of 
acquiring or transmitting human immunodeficiency 
virus infection may greatly increase due to the presence 
of STIs [3]. Generally, STIs severely impair the quality 
of life, with physical, psychological, and social conse-
quences [3]. Although chlamydia, gonorrhea, and syphi-
lis as bacterial STIs and trichomoniasis as a parasitic STI 
can be cured using existing drug regimens, drug resist-
ance may threaten the possibility of them being cured 
[1]. For example, uncomplicated gonococcal infections 
may become uncurable when strains with multi-drug and 
extensive drug resistance become dominant [2]. In addi-
tion, antiviral drugs only mediate, not cure, genital her-
pes infections [1].

Therefore, preventive approaches have become prefer-
able for inhibiting the acquisition of STIs [1]. Developing 
vaccines is a priority, but vaccinations are not yet availa-
ble [2]. In 2016, the World Health Organization (WHO)’s 
Global Health Sector Strategy on Sexually Transmitted 
Infections pointed out that N. gonorrhoeae infections 
require immediate action for control due to the rising 
risk of untreatable gonorrhea and co-infection with other 
STIs [3]. This report also recognized the increasing rate 
of chlamydial infection in adolescents [3]. The WHO 
highlighted a 2030 goal of ending STI epidemics, with 
key targets including a 90% reduction in Treponema pal-
lidum (T. pallidum) incidence and N. gonorrhoeae inci-
dence globally (from the 2018 global baseline) [5]. Given 
that the regional and age differences in STI burden may 
vary, the WHO proposed a priority focus on obtaining 
better data on STI burdens by age group to assess pro-
gress toward STI control [5]. Moreover, the immense 
burden of STIs may be distributed disproportionately at 
the geographical and age levels due to income, health ser-
vices, lack of treatment, and stigmatization [1]. However, 
a description of the latest trend characteristics of STIs at 
the geographical and age levels is lacking.

To identify priority areas for action, we described the 
current epidemic status and features of 5 STIs, including 

syphilis, chlamydia, gonorrhea, trichomoniasis, and 
genital herpes, and further analyzed the temporal trends 
from 1990 to 2019 by geographical (global, regional, and 
national level) regions and age groups using data from 
the 2019 Global Burden of Disease (GBD) study [6]. This 
study sought to provide a comprehensive perspective 
reference on targeted control strategies by compiling an 
extensive and complementary report on the landscape 
and long-term trends in global, regional, and age differ-
ences in STI incidence.

Methods
Data source
The Institute for Health Metrics and Evaluation at the 
University of Washington in Seattle, WA, USA, coordi-
nated the GBD study [6]. To quantify the comparative 
magnitude of health losses because of diseases by sex, 
age, region, and country over time, the GBD study made 
a systematic and scientific effort [6]. We obtained data on 
the annual number of incident cases and incidence rates 
of five STIs, including syphilis, chlamydia, gonorrhea, 
trichomonas, and genital herpes (International Classifi-
cation of Diseases codes were shown in Additional file 1: 
Table S1) from 1990 to 2019 based on different sex, age, 
region, and country groups from the Global Health Data 
Exchange website established by the GBD group [6, 7].

The GBD study used a series of models to estimate 
data to make it possible to compare STIs between differ-
ent countries. The specific methodological approaches to 
estimate STI incidence were described elsewhere [8]. In 
brief, incidence data from National Ministry of Health 
websites, published studies, antenatal clinic surveillance 
reports, the GBD collaborator network, and case-notifi-
cation data from locations with mandatory centralized 
reporting were reviewed to estimate the incidence of 
STIs. The GBD team estimated each STI’s incidence with 
a Bayesian meta-regression model by location, year, age, 
and sex [8].

Regions and demographics
There were 204 countries or territories that reported 
STIs from 1990 to 2019. Based on the Sociodemographic 
Index (SDI), 204 countries or territories were classi-
fied into 5 regions, including low, low-middle, middle, 
high-middle, and high SDI regions, respectively. GBD 
researchers developed SDI as a composite indicator of 
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total fertility rate among those aged < 25  years, educa-
tion level for those aged ≥ 15  years, and lag distrib-
uted income per capita [9]. Additionally, based on 
epidemiological homogeneity and geographical conti-
guity, 204 countries or territories were also separated 
into 21 regions (the high-income Asia Pacific, Central 
Asia, and others) in the GBD study [10]. We designed 
age groups with intervals of 5 years from < 5 years old to 
≥ 95 years old for this study.

Data analysis
We used the absolute number with 95% uncertainty 
intervals (UIs) and age-standardized incidence rates 
(ASRs) with 95% UIs of new STIs to show the epidemic 
status of STIs. The absolute number of incident cases 
reflected the real occurrence of STIs in each country or 
territory. ASRs were calculated by applying the age-spe-
cific rates for each location, sex, and year to a GBD World 
Standard Population group [8, 11]. After considering that 
standardization is important for comparing populations 
with varying age structures or over time, we extracted 
ASRs [8, 11].

The relative changes from 1990 to 2019 
were calculated by using the formula  
incident cases2019−incident cases1990

incident cases1990
× 100%. Estimated annual 

percentage changes (EAPCs) as a summary measure of 
the ASR trend over a specified time interval were widely 
used [11–13]. The natural logarithm of ASR was fitted to 
a regression line, i.e., y = α + βx + ε, where y = ln (ASR) 
and x = calendar year [11–13]. Then, the EAPC (95% CI) 
was calculated as 100 ×  (eβ − 1) [11–13]. When the EAPC 
estimation and its 95% CI were both > 0 (or both < 0), the 
trend of ASR was increasing (or decreasing) [11]. Because 
the global incidence rate of almost all 5 STIs had high-
est and lowest peaks of ASR in 2000 and 2010, respec-
tively, and we wanted to represent the details of the past 
decade’s changes in ASR, we chose 2000 and 2010 as the 
cutoff time points, then calculated EAPC estimations of 
3 time intervals (1990 to 2000, 2000 to 2010, and 2010 to 
2019) (Additional file 1: Fig. S1). All statistics were per-
formed using R version 4.0 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
Global and national trends in STI incidence
The numbers of incident cases and positive growth for 
the 5 STIs from 1990 to 2019 globally were shown in 
Additional file 1: Table S2. Specifically, the top two coun-
tries in terms of incident cases in 2019 were India and 
China (Additional file  1: Fig. S2 and Table  S3). Of 204 
countries or territories, there were 163 (79.90%), 168 
(82.35%), 149 (73.04%), 189 (92.65%), and 161 (78.92%) 
countries or territories that experienced positive growth 

in the number of syphilis, chlamydial, gonococcal, tricho-
moniasis, and genital herpes incident cases, respectively. 
Qatar had the greatest growth in incident case numbers 
among the five STIs from 1990 to 2019 (Additional file 1: 
Fig. S2 and Table S3).

The global ASRs of syphilis, chlamydia, gonorrhea, 
trichomoniasis, and genital herpes were 178.48, 2883.87, 
1124.39, 4327.29, and 1021.68 per 1000,000 people in 
2019 (Tables  1, 2, 3, 4 and 5). Globally, there was ini-
tially an increasing trend in the ASR of syphilis from 
1990 to 2000. Subsequently, it decreased from 2000 to 
2010; however, in the past decade, it increased on aver-
age by 1.25% (95% CI 1.06–1.45%) per year from 159.41 
per 100,000 people in 2010 to 178.48 per 100,000 people 
in 2019 (Table 1, Additional file 1: Fig. S1, and Table S4). 
The trend in the ASR of chlamydia (2010 to 2019: EAPC, 
0.40%; 95% CI 0.36–0.44%) from 1990 to 2019 was simi-
lar to that of syphilis (Table 2, Additional file 1: Fig. S1, 
and Table S4). The ASR of trichomoniasis increased from 
2000 to 2010; subsequently, it continued to increase on 
average by 0.27% (95% CI 0.03–0.52%) per year from 
4232.24 per 100,000 people in 2010 to 4327.29 per 
100,000 people in 2019 worldwide (Table  3 and Addi-
tional file  1: Fig. S1). Although there was a downward 
trend in the ASR of gonococcal infections from 2010 
to 2019, an upward trend was seen from 2017 to 2019 
(Table 4, Additional file 1: Fig. S1 and Table S4).

Furthermore, the top countries or territories with the 
highest ASRs of syphilis, chlamydia, gonorrhea, tricho-
moniasis, and genital herpes were the Central African 
Republic, South Africa, South Africa, United Republic 
of Tanzania, and Zimbabwe, respectively, in 2019 (Addi-
tional file 1: Table S3). There were 109, 51, 15, 81, and 204 
countries or territories with a trend of increasing ASRs 
of syphilis, chlamydia, gonorrhea, trichomoniasis, and 
genital herpes from 2010 to 2019, respectively (Addi-
tional file 1: Table S3 and Fig. S2). The greatest increases 
in ASRs of syphilis, chlamydia, gonorrhea, trichomo-
niasis, and genital herpes were noted for Brazil (EAPC, 
6.23; 95% CI 5.51–6.92), the Marshall Islands (EAPC, 
9.85; 95% CI 8.26–11.48), the United Kingdom (EAPC, 
1.93; 95% CI 0.71–3.16), Lebanon (EAPC, 2.29; 95% CI 
1.49–3.10), and Ethiopia (EAPC, 3.05; 95% CI 1.60–4.53), 
respectively (Additional file 1: Table S3 and Fig. S2).

Differences in STI incidence across 5 SDI regions
The top 3 regions with growth in the case numbers of 5 
STIs included low, low-middle, and middle SDI regions 
(Additional file 1: Table S1). The ASRs of syphilis, trich-
omoniasis, and genital herpes were greatest in low SDI 
regions from 1990 to 2019 (syphilis, 372.53 per 100,000 
people; trichomoniasis, 5748.06 per 100,000 people; geni-
tal herpes, 1332.24 per 100,000 people in 2019), while the 
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ASRs of chlamydia and gonorrhea were highest in mid-
dle SDI regions from 1990 to 2019 (chlamydia, 3477.61 
per 100,000 people; gonorrhea, 1225.96 per 100,000 

people in 2019) (Tables 1, 2, 3, 4 and 5 and Fig. 1). The 
SDI regions with a trend of the greatest increase in ASR 
for syphilis (EAPC, 1.26; 95% CI 1.15–1.36), chlamydia 

Table 1 The age-standardized incidence rates (ASRs, per 100,000 population) of syphilis in 1990, 2010 and 2019, and their temporal 
trends

EAPC estimated annual percentage change, CIs confidence intervals, UIs uncertainty interval

Characteristics Age-standardized incidence rate (ASR, per 100,000) Estimated annual percentage change 
(EAPC)

2000 (95% UI) 2010 (95% UI) 2019 (95% UI) EAPC (95% CI) 
2000–2010

EAPC (95% CI) 
2010–2019

Global 166.27 (125.58, 213.78) 159.41 (121.81, 205.63) 178.48 (134.94, 232.34) − 0.46 (− 0.59, − 0.33) 1.25 (1.06, 1.45)

Sex

 Female 123.28 (93.98, 157.74) 104.90 (81.64, 132.72) 124.98 (96.68, 160.25) − 1.69 (− 1.99, − 1.39) 1.85 (1.61, 2.10)

 Male 208.66 (157.31, 272.68) 213.38 (161.03, 279.86) 231.31 (171.88, 305.30) 0.21 (0.16, 0.27) 0.94 (0.75, 1.14)

SDI region

 Low 408.24 (317.03, 512.29) 373.06 (293.80, 466.79) 372.53 (287.40, 475.57) − 0.92 (− 1.00, − 0.85) − 0.06 (− 0.24, 0.12)

 Low-middle 228.72 (171.63, 295.61) 203.86 (153.43, 264.27) 214.66 (160.77, 280.80) − 1.19 (− 1.54, − 0.84) 0.61 (0.39, 0.84)

 Middle 124.45 (93.46, 162.90) 116.52 (87.37, 152.69) 130.13 (96.65, 171.91) − 0.68 (− 0.75, − 0.62) 1.26 (1.15, 1.36)

 High-middle 85.37 (64.10, 112.78) 81.58 (62.10, 105.68) 90.96 (68.81, 118.20) − 0.49 (− 0.74, − 0.24) 1.11 (0.81, 1.40)

 High 72.67 (54.73, 97.16) 73.13 (55.00, 97.19) 74.05 (55.61, 98.92) 0.04 (− 0.24, 0.32) 0.15 (0.12, 0.17)

GBD region

 Andean Latin 
America

231.87 (181.22, 298.52) 212.91 (167.45, 267.34) 207.84 (158.51, 270.68) − 0.88 (− 0.98, − 0.77) − 0.26 (− 0.41, − 0.10)

 Australasia 65.15 (48.70, 86.86) 63.91 (47.51, 84.28) 64.07 (47.75, 85.84) − 0.20 (− 0.26, − 0.13) 0.04 (0.01, 0.08)

 Caribbean 175.76 (134.33, 227.29) 185.51 (152.20, 230.58) 191.99 (156.21, 235.61) 0.53 (0.17, 0.88) 0.31 (0.15, 0.47)

 Central Asia 55.81 (42.53, 73.31) 51.99 (40.35, 67.92) 52.10 (40.26, 67.34) − 0.75 (− 0.79, − 0.71) − 0.02 (− 0.07, 0.04)

 Central Europe 42.88 (32.62, 56.88) 42.96 (32.80, 56.18) 43.28 (32.96, 56.54) 0.02 (− 0.07, 0.10) 0.12 (0.06, 0.18)

 Central Latin 
America

116.20 (87.60, 152.30) 111.23 (85.79, 142.84) 111.77 (86.08, 145.02) − 0.48 (− 0.85, − 0.11) − 0.03 (− 0.13, 0.07)

 Central sub-Saharan 
Africa

1159.65 (878.24, 1470.11) 1107.12 (887.02, 1363.33) 1048.40 (803.52, 1344.82) − 0.48 (− 0.79, − 0.16) − 0.69 (− 0.89, − 0.48)

 East Asia 87.51 (65.45, 116.19) 84.94 (63.67, 111.98) 93.43 (69.27, 123.92) − 0.31 (− 0.75, 0.13) 0.82 (0.39, 1.26)

 Eastern Europe 53.09 (40.96, 68.94) 47.19 (36.45, 61.64) 47.97 (37.05, 62.56) − 1.27 (− 1.39, − 1.14) 0.21 (0.12, 0.29)

 Eastern sub-Saharan 
Africa

581.30 (465.28, 718.82) 468.94 (371.65, 583.69) 492.63 (386.33, 619.27) − 2.19 (− 2.40, − 1.98) 0.52 (0.29, 0.75)

 High-income Asia 
Pacific

75.79 (57.24, 101.33) 79.38 (59.37, 106.03) 81.36 (60.92, 109.14) 0.48 (0.40, 0.56) 0.33 (0.24, 0.41)

 High-income North 
America

73.46 (55.70, 97.50) 71.22 (54.17, 93.80) 71.76 (54.06, 95.06) − 0.38 (− 1.31, 0.55) 0.11 (0.08, 0.14)

 North Africa and 
Middle East

81.84 (61.87, 106.20) 83.58 (63.19, 109.66) 84.20 (62.65, 111.70) 0.21 (− 0.06, 0.47) 0.22 (− 0.07, 0.51)

 Oceania 483.40 (365.20, 613.56) 415.00 (310.55, 544.19) 415.80 (301.62, 551.31) − 1.60 (− 2.22, − 0.98) − 0.11 (− 0.28, 0.07)

 South Asia 228.99 (168.89, 302.01) 190.05 (140.16, 251.93) 190.99 (140.95, 254.13) − 1.88 (− 2.66, − 1.08) 0.04 (− 0.32, 0.41)

 Southeast Asia 103.49 (77.69, 136.06) 101.44 (75.73, 133.27) 99.61 (73.45, 131.74) − 0.20 (− 0.30, − 0.11) − 0.14 (− 0.29, 0.02)

 Southern Latin 
America

116.11 (90.76, 146.47) 127.42 (105.05, 152.95) 131.89 (106.80, 163.69) 0.99 (0.22, 1.76) 0.08 (− 0.28, 0.44)

 Southern sub-Saha-
ran Africa

628.79 (491.31, 792.21) 545.88 (421.45, 698.25) 665.35 (496.08, 872.21) − 1.37 (− 1.72, − 1.01) 2.50 (2.00, 2.99)

 Tropical Latin 
America

123.86 (91.26, 166.52) 86.45 (68.59, 107.11) 139.68 (109.18, 174.26) − 3.92 (− 6.76, − 0.99) 5.72 (5.11, 6.33)

 Western Europe 67.68 (50.38, 90.60) 67.39 (50.28, 90.33) 67.63 (50.12, 90.19) − 0.05 (− 0.06, − 0.04) 0.07 (0.04, 0.11)

 Western sub-Saharan 
Africa

440.34 (336.85, 558.49) 427.84 (322.78, 551.62) 427.97 (318.21, 556.32) − 0.30 (− 0.35, − 0.25) 0.08 (− 0.05, 0.21)
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Table 2 The age-standardized incidence rates (ASRs, per 100,000 population) of chlamydial infection in 1990, 2010 and 2019, and their 
temporal trends

Characteristics Age-standardized incidence rate (ASR, per 100,000) Estimated annual percentage change 
(EAPC)

2000 (95% UI) 2010 (95% UI) 2019 (95% UI) EAPC (95% CI) 
2000–2010

EAPC (95% CI) 
2010–2019

Global 3083.25 (2319.33, 
4006.82)

2767.15 (2088.69, 
3618.82)

2883.87 (2161.21, 
3762.80)

− 1.13 (− 1.48, − 0.77) 0.29 (0.04, 0.54)

Sex

 Female 2779.49 (2122.28, 
3604.37)

2526.31 (1930.64, 
3269.70)

2677.33 (2027.51, 
3505.38)

− 1.00 (− 1.35, − 0.65) 0.47 (0.18, 0.77)

 Male 3381.46 (2515.44, 
4448.60)

3005.84 (2239.03, 
3952.39)

3088.09 (2286.90, 
4039.30)

− 1.22 (− 1.58, − 0.86) 0.14 (− 0.07, 0.35)

SDI region

 Low 2308.12 (1749.61, 
3006.30)

2331.70 (1757.81, 
3047.03)

2359.48 (1770.16, 
3098.25)

0.10 (− 0.02, 0.21) 0.18 (0.06, 0.30)

 Low-middle 2624.46 (1979.48, 
3412.47)

2438.40 (1836.01, 
3172.65)

2524.34 (1894.78, 
3281.85)

− 0.78 (− 0.86, − 0.69) 0.29 (0.16, 0.42)

 Middle 3770.57 (2837.26, 
4896.10)

3375.38 (2557.28, 
4396.95)

3477.61 (2601.94, 
4553.28)

− 1.16 (− 1.58, − 0.73) 0.17 (− 0.09, 0.43)

 High-middle 3540.95 (2659.46, 
4617.09)

3001.79 (2256.41, 
3935.33)

3262.50 (2430.97, 
4273.94)

− 1.69 (− 2.26, − 1.12) 0.60 (0.08, 1.12)

 High 1183.75 (894.38, 1549.34) 1161.48 (887.98, 1507.09) 1241.28 (936.52, 1617.46) − 0.22 (− 0.26, − 0.18) 0.53 (0.29, 0.77)

GBD region

 Andean Latin 
America

2601.00 (2007.77, 
3307.74)

2642.91 (1998.76, 
3426.46)

2520.26 (1870.63, 
3304.31)

0.17 (0.11, 0.22) − 0.20 (− 0.63, 0.23)

 Australasia 977.68 (753.29, 1252.00) 985.92 (771.49, 1230.37) 1051.10 (784.76, 1364.78) 0.11 (0.06, 0.15) 0.74 (0.48, 1.00)

 Caribbean 4379.71 (3271.68, 
5704.71)

4369.90 (3279.83, 
5704.69)

4340.05 (3228.30, 
5660.33)

− 0.02 (− 0.03, − 0.02) − 0.06 (− 0.08, − 0.05)

 Central Asia 5331.46 (3994.38, 
6919.09)

5276.06 (3993.52, 
6850.22)

5271.28 (3946.14, 
6857.60)

− 0.11 (− 0.13, − 0.09) − 0.01 (− 0.05, 0.03)

 Central Europe 3324.84 (2502.79, 
4375.42)

3312.67 (2459.05, 
4356.74)

3308.59 (2464.68, 
4333.19)

− 0.04 (− 0.04, − 0.03) 0.00 (− 0.02, 0.02)

 Central Latin 
America

3855.76 (2909.64, 
5035.82)

4059.99 (3077.44, 
5321.02)

3850.00 (2903.85, 
5041.57)

0.53 (0.35, 0.72) − 0.36 (− 0.68, − 0.04)

 Central sub-Saharan 
Africa

2127.03 (1594.66, 
2789.84)

2135.70 (1590.05, 
2831.89)

2111.27 (1568.66, 
2799.00)

0.04 (− 0.01, 0.09) − 0.08 (− 0.20, 0.04)

 East Asia 4718.45 (3538.74, 
6159.79)

3528.61 (2665.50, 
4618.89)

4128.96 (3082.92, 
5375.67)

− 2.92 (− 4.06, − 1.76) 1.09 (0.05, 2.14)

 Eastern Europe 3653.06 (2719.44, 
4788.43)

3626.07 (2707.62, 
4722.05)

3625.05 (2701.70, 
4753.04)

− 0.08 (− 0.09, − 0.07) 0.02 (− 0.01, 0.05)

 Eastern sub-Saharan 
Africa

3262.62 (2483.19, 
4208.26)

3247.74 (2450.72, 
4253.65)

3223.05 (2422.13, 
4236.64)

− 0.05 (− 0.05, − 0.04) − 0.05 (− 0.16, 0.06)

 High-income Asia 
Pacific

1030.44 (773.81, 1346.38) 1028.94 (790.04, 1323.87) 1025.36 (767.38, 1355.75) − 0.03 (− 0.10, 0.03) − 0.10 (− 0.22, 0.02)

 High-income North 
America

867.76 (657.02, 1140.15) 643.55 (489.35, 838.99) 740.09 (554.75, 968.78) − 3.16 (− 3.71, − 2.61) 1.23 (0.73, 1.73)

 North Africa and 
Middle East

3495.74 (2682.90, 
4517.80)

3431.73 (2619.81, 
4453.92)

3264.95 (2470.04, 
4246.76)

− 0.18 (− 0.39, 0.03) − 0.51 (− 0.57, − 0.44)

 Oceania 3831.27 (2924.20, 
4862.43)

3666.20 (2903.32, 
4526.87)

3701.31 (2826.22, 
4759.19)

− 0.46 (− 0.56, − 0.35) 0.05 (− 0.04, 0.14)

 South Asia 1612.88 (1202.99, 
2108.48)

1570.86 (1173.82, 
2051.51)

1711.93 (1270.93, 
2239.34)

− 0.29 (− 0.46, − 0.13) 0.83 (0.65, 1.01)

 Southeast Asia 4251.31 (3200.02, 
5557.87)

4275.19 (3216.34, 
5592.15)

4252.09 (3180.39, 
5558.88)

0.06 (0.03, 0.09) − 0.10 (− 0.17, − 0.02)

 Southern Latin 
America

886.82 (672.61, 1145.16) 902.80 (675.47, 1179.79) 908.41 (686.00, 1182.24) 0.18 (0.06, 0.30) 0.04 (0.02, 0.07)
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(EAPC, 0.60; 95% CI 0.08–1.12), trichomoniasis (EAPC, 
0.28; 95% CI 0.21–0.36), and genital herpes (EAPC, 0.53; 
95% CI 0.36–0.69) from 2010 to 2019 were the middle, 
high-middle, low, and high-middle SDI regions, respec-
tively. The specific values of the trends in 5 STIs in SDI 
regions are shown in Tables 1, 2, 3, 4 and 5. The age char-
acteristics of ASRs of the 5 STIs in SDI regions are pre-
sented in Additional file 1: Fig. S3.

Differences in STI incidence across 21 GBD regions
The numbers of incident cases of syphilis, chlamydia, 
gonorrhea, trichomoniasis, and genital herpes were high-
est in South Asia (3.73 million), East Asia (69.21 million), 
South Asia (22.79 million), East Asia (81.21 million), and 
East Asia (12.10 million) in 2019, respectively (Additional 
file 1: Table S1). Greater growth in numbers of syphilis, 
chlamydia, gonorrhea, trichomoniasis, and genital herpes 
incident cases was seen in western sub-Saharan Africa 
(133.05%), western sub-Saharan Africa (152.59%), central 
sub-Saharan Africa (139.40%), central sub-Saharan Africa 
(157.30%), and western sub-Saharan Africa (151.97%) 
from 1990 to 2019 (Additional file 1: Table S1).

The GBD regions with the highest ASRs of syphilis, 
chlamydia, gonorrhea, trichomoniasis, and genital her-
pes were central sub-Saharan Africa (1048.40 per 100,000 
people), southern sub-Saharan Africa (5324.43 per 
100,000 people), southern sub-Saharan Africa (3869.56 
per 100,000 people), and southern sub-Saharan Africa 
(2275.42 per 100,000 people) in 2019 (Tables 1, 2, 3, 4 and 
5). From 2010 to 2019, 11, 6, 2, 10, and 5 GBD regions 
had a trend of increasing ASR for syphilis, chlamydia, 
gonorrhea, trichomoniasis, and genital herpes, respec-
tively (Tables 1, 2, 3, 4 and 5). Among them, tropical Latin 
America had the greatest increasing trend (EAPC, 5.72; 
95% CI 5.11–6.33) in syphilis cases (Table  1, Fig.  2A); 
meanwhile, high-income North America had the great-
est increase in ASR for chlamydia (EAPC, 1.23; 95% CI 
0.73–1.73) (Table  2 and Fig.  2B) and gonorrhea (EAPC, 

0.77; 95% CI 0.12–1.41) (Table 3 and Fig. 2C), southern 
sub-Saharan Africa had the greatest increase in ASR for 
trichomoniasis (EAPC, 0.88; 95% CI 0.57–1.20) (Table 4 
and Fig. 2D), and East Asia had the greatest increase in 
ASR for genital herpes (EAPC, 1.44; 95% CI 0.83–2.06) 
(Table 5 and Fig. 2E).

In the most recent years, the population with the high-
est incidence of syphilis tended to be younger globally 
(25–29 years in 2010 vs. 20–24 years in 2019) but older 
in North Africa and the Middle East (20–24 years in 2010 
vs. 25–29 years in 2019) in 2019 (Fig. 3). Additionally, for 
chlamydia, population tended to be older in southern 
sub-Saharan Africa (25–29 years in 2010 vs. 30–34 years 
in 2019) but younger in Australasia (40–44 years in 2010 
vs. 25–29 years in 2019) (Fig. 4). Among gonorrhea and 
trichomoniasis cases, the characteristics of age were not 
recorded (Additional file 1: Figs. S4, S5). Population with 
genital herpes tended to be older in high-income North 
America (20–24  years in 2010 vs. 25–29  years in 2019) 
and South Asia (25–29 years in 2019 vs. 30–34 years in 
2019) in 2019 (Additional file 1: Fig. S6).

Discussion
To our knowledge, this is the first study to assess the 
long-term trends and differences in incidence rates of 
STIs, including syphilis, chlamydia, gonorrhea, tricho-
moniasis, and genital herpes, by geographical (global, 
regional, and national) regions and age groups using data 
from the 2019 GBD study. This paper focused on trends 
in STI incidence over the past decade at regional and age 
levels, highlighting that targeting prevention strategies to 
regions and age groups is vital for controlling STIs in the 
future.

We found that the ASRs of syphilis, trichomonia-
sis, and genital herpes were highest in low SDI regions 
from 1990 to 2019, while those of chlamydia and gonor-
rhea were highest in middle SDI regions from 1990 to 
2019. The above information indicates that STIs remain 

EAPC estimated annual percentage change, CIs confidence intervals, UIs uncertainty interval

Table 2 (continued)

Characteristics Age-standardized incidence rate (ASR, per 100,000) Estimated annual percentage change 
(EAPC)

2000 (95% UI) 2010 (95% UI) 2019 (95% UI) EAPC (95% CI) 
2000–2010

EAPC (95% CI) 
2010–2019

 Southern sub-Saha-
ran Africa

5890.00 (4593.74, 
7540.13)

6053.46 (4671.09, 
7788.73)

5324.43 (4039.48, 
6940.61)

0.32 (− 0.09, 0.73) − 0.98 (− 1.62, − 0.34)

 Tropical Latin 
America

4311.13 (3250.51, 
5635.92)

3908.58 (2956.68, 
5120.29)

4102.22 (3075.72, 
5393.45)

− 1.03 (− 1.14, − 0.91) 0.68 (0.26, 1.10)

 Western Europe 434.50 (335.70, 560.53) 437.91 (341.46, 554.49) 429.93 (327.62, 559.92) 0.08 (− 0.05, 0.22) − 0.27 (− 0.43, − 0.12)

 Western sub-Saharan 
Africa

2307.63 (1760.38, 
2997.46)

2549.90 (1935.86, 
3323.90)

2316.40 (1741.46, 
3047.29)

1.04 (0.58, 1.50) − 0.66 (− 1.31, − 0.01)
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Table 4 The age-standardized incidence rates (ASRs, per 100,000 population) of trichomoniasis in 1990, 2010 and 2019, and their 
temporal trends

Characteristics Age-standardized incidence rate (ASR, per 100,000) Estimated annual percentage change 
(EAPC)

2000 (95% UI) 2010 (95% UI) 2019 (95% UI) EAPC (95% CI) 
2000–2010

EAPC (95% CI) 
2010–2019

Global 4186.35 (3083.69, 
5458.95)

4232.24 (3112.87, 
5529.40)

4327.29 (3176.53, 
5645.76)

0.11 (0.06, 0.17) 0.27 (0.03, 0.52)

Sex

 Female 3526.77 (2562.30, 
4650.06)

3608.56 (2616.58, 
4769.16)

3781.34 (2719.77, 
5010.59)

0.24 (0.15, 0.33) 0.61 (0.03, 1.20)

 Male 4843.00 (3586.19, 
6349.38)

4860.24 (3590.68, 
6370.79)

4879.67 (3610.00, 
6366.99)

0.03 (0.01, 0.06) 0.03 (0.00, 0.05)

SDI region

 Low 5540.55 (4147.65, 
7180.19)

5632.89 (4192.13, 
7352.95)

5748.06 (4236.67, 
7502.65)

0.18 (0.07, 0.28) 0.28 (0.21, 0.36)

 Low-middle 3959.13 (2933.69, 
5145.98)

3983.53 (2945.85, 
5204.16)

4051.78 (2978.09, 
5277.78)

0.07 (0.01, 0.12) 0.17 (− 0.05, 0.39)

 Middle 4194.99 (3072.36, 
5464.94)

4226.63 (3091.59, 
5510.28)

4267.97 (3116.15, 
5565.46)

0.07 (− 0.02, 0.16) 0.15 (− 0.23, 0.53)

 High-middle 3758.28 (2749.51, 
4933.69)

3778.10 (2759.45, 
4945.88)

3829.67 (2796.45, 
4987.86)

0.06 (− 0.03, 0.14) 0.19 (− 0.18, 0.56)

 High 3390.04 (2488.12, 
4442.00)

3435.48 (2531.95, 
4500.49)

3481.39 (2552.86, 
4554.16)

0.14 (0.13, 0.14) 0.15 (0.12, 0.17)

GBD region

 Andean Latin 
America

4409.82 (3281.53, 
5701.06)

4416.95 (3282.09, 
5783.87)

4490.13 (3298.29, 
5860.57)

0.02 (− 0.01, 0.05) 0.27 (0.12, 0.42)

 Australasia 2810.75 (2081.79, 
3694.06)

2800.73 (2106.70, 
3638.95)

2803.25 (2080.30, 
3648.48)

− 0.03 (− 0.13, 0.06) 0.00 (− 0.06, 0.07)

 Caribbean 5078.91 (3766.07, 
6603.44)

5119.07 (3811.77, 
6655.74)

5228.27 (3855.21, 
6815.48)

0.08 (0.07, 0.10) 0.35 (0.15, 0.55)

 Central Asia 3944.22 (2947.10, 
5122.80)

3992.17 (2955.47, 
5189.20)

3954.09 (2912.62, 
5161.83)

0.13 (0.00, 0.25) − 0.15 (− 0.38, 0.07)

 Central Europe 3392.01 (2515.84, 
4402.16)

3426.77 (2541.46, 
4479.62)

3463.90 (2553.06, 
4533.86)

0.11 (0.01, 0.20) 0.08 (− 0.04, 0.19)

 Central Latin America 6252.66 (4613.33, 
8102.32)

6360.64 (4688.26, 
8240.41)

6519.08 (4766.17, 
8493.79)

0.18 (0.10, 0.26) 0.40 (0.20, 0.61)

 Central sub-Saharan 
Africa

5399.63 (4023.69, 
7068.97)

5496.66 (4097.74, 
7186.84)

5500.77 (4075.69, 
7157.30)

0.19 (0.15, 0.24) 0.04 (− 0.03, 0.10)

 East Asia 4338.44 (3155.02, 
5683.44)

4351.29 (3144.73, 
5706.38)

4403.83 (3195.76, 
5762.80)

0.04 (− 0.13, 0.21) 0.22 (− 0.46, 0.91)

 Eastern Europe 3119.98 (2253.81, 
4096.27)

3112.86 (2249.59, 
4069.94)

3170.49 (2289.66, 
4152.30)

− 0.03 (− 0.13, 0.08) 0.18 (0.16, 0.21)

 Eastern sub-Saharan 
Africa

10,094.23 (7664.31, 
12,884.63)

9874.58 (7306.38, 
12,767.00)

10,014.29 (7336.36, 
12,908.25)

− 0.23 (− 0.25, − 0.21) 0.23 (0.14, 0.32)

 High-income Asia 
Pacific

3172.89 (2336.66, 
4167.99)

3194.38 (2356.89, 
4183.53)

3247.76 (2375.14, 
4239.47)

0.07 (− 0.02, 0.17) 0.19 (0.15, 0.22)

 High-income North 
America

4235.13 (3067.24, 
5535.79)

4222.63 (3069.95, 
5530.79)

4224.42 (3049.86, 
5536.13)

− 0.03 (− 0.05, − 0.01) 0.00 (− 0.06, 0.05)

 North Africa and 
Middle East

3887.06 (2933.92, 
4956.65)

3749.78 (2798.51, 
4820.06)

3633.77 (2699.73, 
4675.87)

− 0.38 (− 0.41, − 0.34) − 0.32 (− 0.41, − 0.22)

 Oceania 7012.73 (5245.51, 
9124.38)

7438.01 (5725.31, 
9515.68)

7046.62 (5258.47, 
9082.33)

0.61 (0.34, 0.88) − 0.53 (− 0.73, − 0.32)

 South Asia 3050.51 (2233.86, 
3995.18)

2998.82 (2201.06, 
3932.54)

2989.08 (2182.21, 
3904.48)

− 0.17 (− 0.22, − 0.12) − 0.13 (− 0.45, 0.19)

 Southeast Asia 4424.34 (3261.56, 
5793.71)

4465.33 (3286.15, 
5855.01)

4455.60 (3257.20, 
5836.66)

0.10 (0.01, 0.19) − 0.09 (− 0.21, 0.02)
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epidemic in lower-income regions. Our study examines 
the trend of STIs from 2010 to 2019. We found that the 
trend of ASRs of syphilis, chlamydia, trichomoniasis, and 
genital herpes was increasing worldwide from 2010 to 
2019. Notably, the greatest increase in ASRs of syphilis 
(tropical Latin America), chlamydia (high-income North 
America), and gonorrhea (high-income North America) 
all occurred in American regions. Tropical Latin Amer-
ica includes Brazil and Paraguay, which are both middle 
SDI regions. The SDI region with the greatest increase 
in ASR for syphilis was the middle SDI region, and Bra-
zil. Swayze et  al. observed that annual cases of syphilis 
in pregnant women increased between January 1, 2010, 
and December 31, 2018, in Brazil [14]. Brazil reported 
724,310 acquired syphilis cases from 2011 to 2019 [15]. 
Meanwhile, the greatest increase in ASRs of chlamydia 
and gonorrhea occurred in high-income North America. 
Routine public health surveillance reported that chla-
mydia incidence rates increased from 394.9 per 100,000 
people to 476.2 per 100,000 people and gonorrhea case 
rates increased from 78.0 per 100,000 people to 143.5 per 
100,000 people from 2007 to 2016 in Winnipeg, Canada 
[16]. In other words, chlamydia was widespread geo-
graphically and gonorrhea was in a growth phase with 
geographic dispersion in Winnipeg, Canada, from 2007 
to 2016 [16].

Furthermore, this study found that the population with 
the highest incidence of different STIs seemed to have 
changed by 2019 compared to that known 10 years ago. 
For syphilis, patients tended to be younger globally but 
older in North Africa and the Middle East. From 2014 
to 2018, the population with a high incidence was aged 
25–34 years but in 2019 was aged 20–24 years in China 

[17]. However, many studies have reported that the pop-
ulation with a high incidence of syphilis may be older 
in countries of North Africa and the Middle East [18]. 
Additionally, chlamydia population tended to be older 
in southern sub-Saharan Africa but younger in Australa-
sia. There were some studies on age-related changes in 
the incidence of chlamydia in some countries of Aus-
tralasia, including Australia [19, 20] and New Zealand 
[21]. Population with genital herpes tended to be older 
in high-income North America and South Asia in 2019. 
Few studies found that the percentages of patients with 
the herpes simplex virus were greater among older age 
groups in Eastern India [22] and Canada [23]. Previ-
ous studies usually divided age groups as < 20, 20–24, 
25–44, and > 44 years, respectively, so it was found that 
the population with a high incidence was those aged 
25–44  years, and is difficult to compare the change in 
the age group with a high incidence [24, 25]. The WHO 
proposed that there should be a priority focus on obtain-
ing better STI data by age groups because of the need to 
measure progress toward STI control [5]. Our study not 
only highlighted the need for age-specific control meas-
ures in different regions, but also the need to strengthen 
STI surveillance in different age groups.

To control STIs, first, we should pay attention to reduc-
ing the percentages of high-risk sexual behaviors, espe-
cially among the youth. Peltzer et al. recorded increases 
among female adolescents in the prevalence rates of 
ever having sexual intercourse (from 24.4 to 36.4%) and 
having multiple sexual partners (from 13.6 to 16.9%) 
from 2007 to 2018 in Argentina [26]. Sharma et al. [27] 
reported that high-risk sexual behaviors have increased 
among adolescent boys (from 64 to 70%) and young 

EAPC estimated annual percentage change, CIs confidence intervals, UIs uncertainty interval

Table 4 (continued)

Characteristics Age-standardized incidence rate (ASR, per 100,000) Estimated annual percentage change 
(EAPC)

2000 (95% UI) 2010 (95% UI) 2019 (95% UI) EAPC (95% CI) 
2000–2010

EAPC (95% CI) 
2010–2019

 Southern Latin 
America

2922.52 (2188.21, 
3790.97)

2945.02 (2179.04, 
3856.93)

2963.95 (2200.04, 
3863.44)

0.08 (0.06, 0.10) 0.08 (0.06, 0.11)

 Southern sub-Saha-
ran Africa

7869.53 (5829.00, 
10,111.74)

7377.11 (5434.66, 
9545.41)

7838.36 (5733.84, 
10,163.46)

− 0.67 (− 0.88, − 0.46) 0.88 (0.57, 1.20)

 Tropical Latin 
America

5719.73 (4146.26, 
7461.74)

5722.70 (4207.23, 
7461.10)

5889.37 (4255.92, 
7701.51)

0.01 (0.00, 0.02) 0.41 (0.15, 0.68)

 Western Europe 2386.75 (1779.99, 
3115.39)

2414.84 (1787.52, 
3153.00)

2404.86 (1790.97, 
3136.99)

0.13 (0.11, 0.15) − 0.05 (− 0.09, − 0.01)

 Western sub-Saharan 
Africa

7524.26 (5616.51, 
9763.05)

7585.92 (5625.56, 
9895.69)

7656.26 (5652.53, 
9981.63)

0.10 (− 0.01, 0.20) 0.16 (0.05, 0.26)
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Table 5 The age-standardized incidence rates (ASRs, per 100,000 population) of genital herpes in 1990, 2010 and 2019, and their 
temporal trends

EAPC estimated annual percentage change, CIs confidence intervals, UIs uncertainty interval

Characteristics Age-standardized incidence rate (ASR, per 100,000) Estimated annual percentage change 
(EAPC)

2000 (95% UI) 2010 (95% UI) 2019 (95% UI) EAPC (95% CI) 
2000–2010

EAPC (95% CI) 
2010–2019

Global 991.27 (852.64, 1142.47) 986.64 (841.22, 1145.20) 1021.68 (869.15, 1191.20) − 0.06 (− 0.11, − 0.01) 0.40 (0.36, 0.44)

Sex

 Female 1238.59 (1072.00, 
1419.65)

1238.26 (1060.33, 
1433.82)

1272.13 (1084.26, 
1479.17)

− 0.01 (− 0.03, 0.01) 0.31 (0.23, 0.39)

 Male 749.35 (640.03, 875.01) 740.92 (628.78, 867.04) 778.33 (657.90, 917.03) − 0.13 (− 0.21, − 0.05) 0.57 (0.53, 0.62)

SDI region

 Low 1385.60 (1211.14, 
1571.60)

1312.87 (1133.33, 
1502.86)

1332.24 (1139.14, 
1537.39)

− 0.55 (− 0.83, − 0.26) 0.24 (− 0.05, 0.53)

 Low-middle 938.71 (807.42, 1087.82) 951.73 (812.74, 1106.29) 951.22 (810.95, 1108.43) 0.13 (0.08, 0.17) − 0.03 (− 0.11, 0.05)

 Middle 951.20 (815.23, 1102.17) 953.66 (809.95, 1112.22) 983.59 (834.60, 1149.82) 0.00 (− 0.13, 0.12) 0.35 (0.27, 0.43)

 High-middle 855.83 (730.79, 993.95) 833.25 (709.52, 975.73) 871.68 (739.91, 1022.12) − 0.28 (− 0.45, − 0.10) 0.53 (0.36, 0.69)

 High 902.05 (782.05, 1038.57) 880.25 (751.06, 1028.58) 862.23 (729.35, 1013.89) − 0.24 (− 0.51, 0.03) − 0.23 (− 0.36, − 0.09)

GBD region

 Andean Latin 
America

1808.88 (1617.65, 
2034.55)

1749.32 (1503.70, 
2018.59)

1741.01 (1491.84, 
2008.59)

− 0.35 (− 0.60, − 0.11) − 0.04 (− 0.06, − 0.03)

 Australasia 856.23 (742.03, 974.46) 791.10 (660.24, 951.37) 794.25 (666.11, 945.00) − 0.84 (− 3.34, 1.72) 0.05 (0.03, 0.07)

 Caribbean 1620.51 (1376.55, 
1878.36)

1601.68 (1362.27, 
1867.08)

1581.10 (1347.15, 
1842.73)

− 0.12 (− 0.17, − 0.07) − 0.12 (− 0.20, − 0.04)

 Central Asia 692.41 (582.67, 822.21) 691.45 (582.84, 825.47) 689.14 (579.50, 820.98) − 0.01 (− 0.05, 0.03) − 0.06 (− 0.08, − 0.03)

 Central Europe 487.70 (412.95, 579.24) 495.02 (415.75, 587.74) 494.18 (415.42, 589.23) 0.16 (0.12, 0.20) − 0.04 (− 0.09, 0.01)

 Central Latin 
America

1415.31 (1219.73, 
1624.93)

1497.17 (1283.99, 
1729.06)

1502.79 (1282.43, 
1746.05)

0.58 (0.39, 0.76) 0.05 (0.02, 0.08)

 Central sub-Saharan 
Africa

2260.52 (1999.82, 
2541.53)

2248.05 (1981.58, 
2537.15)

2245.43 (1973.68, 
2530.90)

− 0.06 (− 0.09, − 0.03) 0.01 (− 0.02, 0.03)

 East Asia 754.28 (635.50, 890.60) 674.75 (568.73, 799.31) 761.71 (640.16, 907.48) − 1.13 (− 1.69, − 0.57) 1.44 (0.83, 2.06)

 Eastern Europe 933.07 (784.87, 1098.77) 935.55 (789.61, 1101.35) 936.47 (787.28, 1100.87) 0.03 (0.03, 0.03) 0.00 (− 0.02, 0.01)

 Eastern sub-Saharan 
Africa

2211.21 (1958.75, 
2490.58)

1922.35 (1681.28, 
2184.93)

1939.71 (1662.66, 
2250.26)

− 1.44 (− 1.90, − 0.98) 0.25 (− 0.30, 0.80)

 High-income Asia 
Pacific

687.72 (578.75, 808.82) 683.45 (579.15, 805.96) 680.41 (571.07, 805.51) − 0.06 (− 0.12, 0.01) − 0.06 (− 0.08, − 0.03)

 High-income North 
America

1191.51 (1018.26, 
1390.79)

1107.42 (943.33, 1294.02) 1077.77 (906.01, 1267.90) − 0.72 (− 1.25, − 0.19) − 0.29 (− 0.35, − 0.22)

 North Africa and 
Middle East

791.01 (678.65, 918.85) 794.76 (676.33, 934.87) 799.14 (675.26, 948.70) 0.04 (− 0.04, 0.13) 0.06 (0.04, 0.09)

 Oceania 1514.66 (1369.53, 
1676.40)

1427.76 (1207.15, 
1672.31)

1428.70 (1205.75, 
1669.20)

− 0.64 (− 1.15, − 0.13) − 0.04 (− 0.09, 0.02)

 South Asia 624.83 (526.79, 742.79) 636.08 (536.12, 755.44) 626.23 (527.02, 744.30) 0.18 (0.13, 0.24) − 0.18 (− 0.24, − 0.13)

 Southeast Asia 1108.52 (949.31, 1288.23) 1090.30 (918.74, 1280.13) 1088.42 (915.94, 1276.73) − 0.17 (− 0.21, − 0.12) − 0.06 (− 0.10, − 0.01)

 Southern Latin 
America

1240.75 (1132.94, 
1356.88)

1216.34 (1035.64, 
1422.25)

1216.03 (1031.26, 
1419.28)

− 0.20 (− 0.31, − 0.10) − 0.01 (− 0.04, 0.02)

 Southern sub-Saha-
ran Africa

2288.51 (2021.83, 
2578.41)

2377.66 (2119.19, 
2664.61)

2275.42 (1990.26, 
2605.72)

0.40 (0.25, 0.54) − 0.54 (− 0.78, − 0.29)

 Tropical Latin 
America

1978.72 (1699.57, 
2270.38)

2116.18 (1819.55, 
2430.14)

1911.52 (1637.13, 
2214.89)

0.71 (0.59, 0.84) − 1.21 (− 1.71, − 0.71)

 Western Europe 717.19 (637.90, 807.91) 730.51 (622.92, 856.30) 696.52 (586.28, 821.86) 0.19 (0.14, 0.24) − 0.54 (− 0.91, − 0.16)

 Western sub-Saharan 
Africa

1689.49 (1478.73, 
1919.29)

1645.61 (1415.01, 
1897.67)

1639.92 (1404.48, 
1895.52)

− 0.28 (− 0.36, − 0.19) − 0.04 (− 0.06, − 0.01)
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men (from 18 to 27%) from 2005 to 2015 in India. It is 
very important to strengthen sexual health education 
in schools, including functional knowledge and skills to 
practice, adopt, and maintain healthy behaviors for pre-
venting STIs [28, 29]. As most adolescents use mobile 
phones in their day-to-day lives, professional apps that 
provide an anonymous, free, and voluntary platform for 
information were considered [30, 31]. Additionally, get-
ting treatment for partners may be effective in reducing 
STI incidence in youth [32]. Second, effective STI pre-
vention interventions include screening, contact tracing 
of sexual partners, and promoting effective barrier con-
traception [33]. STI counseling and testing lead to posi-
tive sexual behavior changes [34]. Therefore, improving 
the quality rather than quantity of primary health care is 
particularly important. For example, incorporating sexual 

pleasure or security considerations within programming 
may have a positive impact on condom use, which has 
direct implications for reductions in STIs [35]. Moreover, 
the screening and testing of some high-risk populations, 
including men, transgender female sex workers, bisexual 
people, and other men who have sex with men are impor-
tant regardless of self-reported sites of potential exposure 
[36, 37]. For bisexual people and men who have sex with 
men, the need for systematic multisite screening, regard-
less of symptoms, is also crucial [38]. Therefore, when 
resources are sufficient, monitoring work should be car-
ried out among different populations according to loca-
tion [36].

The data used for analysis were extracted from the 
2019 GBD. We supplemented a comprehensive under-
standing of the incidence of STIs and further tried to 

Fig. 1 The trends in the incidence rate of sexually transmitted infections by SDI regions from 1990 to 2019
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Fig. 2 EAPCs of ASRs on STIs from 1990 to 2000, 2000 to 2010 and 2010 to 2019 by region. A syphilis, B chlamydia, C gonorrhea, D trichomoniasis, 
E genital herpes; EAPCs estimated annual percentage changes, ASR age-standardized incidence rate, CI confidence interval, SDI sociodemographic 
index
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develop global targeted prevention strategies. However, 
our study had several limitations. First, its main limita-
tion is the accuracy and robustness of GBD estimates. 
The quality and quantity of GBD data largely depend on 
the data used in the modeling [11]. If countries lacked 
sufficient national systematic surveillance and popula-
tion-based studies, the model may have a margin of bias. 
Furthermore, data derived from national epidemiologi-
cal surveillance systems may be highly heterogeneous 
because of the differences in the quality of clinical and 
laboratory diagnostics, laboratory quality, and reporting 
standards among different countries, so the plausibility 
of the results would be influenced [12]. Second, because 
GBD data was estimated by modeling, an ecological fal-
lacy may exist. Finally, sex is an important aspect in the 
spread of STIs, we only provided the trend of five STIs 
in female and male at global level, but did not conduct 
an analysis in depth. The analysis of STIs according to 
sex between different regions and age groups should be 
strengthened in the future.

Conclusions
In this study, we found that the global trends of STIs—
including syphilis, chlamydia, trichomoniasis, and genital 
herpes—all showed increasing ASRs from 2010 to 2019, 
which indicates a big challenge for controlling STIs in the 
future. Additionally, the differences in trends existed by 
geographical regions and age groups. American regions 
faced a big burden with a trend of the greatest increase 
in ASR for syphilis, chlamydia, and gonorrhea. South-
ern sub-Saharan Africa and East Asia had the greatest 
increase in ASR for trichomoniasis, and genital herpes, 
respectively. Moreover, in the most recent years, the pop-
ulation with high incidence rates of syphilis, chlamydia, 
and genital herpes tended to be younger or older in some 
regions in 2019. Therefore, a better understanding of STI 
epidemiological patterns is urgently needed for plan-
ning and implementing prevention and control strate-
gies in key regions and population groups. Furthermore, 
to reduce the burden of STIs, it is essential to strengthen 
sexual health education and developing STI surveillance 
for key regions and populations.

Fig. 3 Incidence rate of syphilis by age groups and GBD regions, 
from 1990 to 2019
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Fig. 4 Incidence rate of chlamydia by age groups and GBD regions, from 1990 to 2019



Page 15 of 16Du et al. BMC Infectious Diseases          (2022) 22:574  

Abbreviations
STIs: Sexually transmitted infections; GBD: Global Burden of Disease; EAPCs: 
Estimated annual percentage changes; ASR: Age-standardized incidence rate; 
WHO: World Health Organization.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879- 022- 07544-7.

Additional file 1: Table S1. The GBD 2019 ICD Codes for STIs. Figure 
S1. The global incidence rate of sexually transmitted infections during 
1990 to 2019. Table S2. The number of incident cases and changes of 
sexually transmitted infections in 1990 and 2019. Figure S2. Global trends 
in the incidence of sexually transmitted infections among 204 countries 
and territories. EAPC estimated annual percentage change. Table S3. 
The number of incident cases and age-standardized incidence rates 
(ASR, per 100,000 population) of sexually transmitted infections in 1990, 
2000, 2010 and 2019, and their temporal trends among 204 countries 
or territories. Table S4. The age-standardized incidence rates (ASR, per 
100,000 population) of sexually transmitted infections, and their temporal 
trends from 1990 to 2019. Figure S3. Incidence rate of STIs by age group 
and SDI region in 1990, 2000, 2010 and 2019. A: syphilis, B: chlamydia, C: 
gonorrhea, D: trichomoniasis, E: genital herpes; SDI socio-demographic 
index. Figure S4. Incidence rate of gonorrhoea by age and GBD region in 
1990, 2000, 2010 and 2019. GBD: Global Burden of Disease Study. Figure 
S5. Incidence rate of trichomoniasis by age and GBD region in 1990, 
2000, 2010 and 2019. GBD: Global Burden of Disease Study. Figure S6. 
Incidence rate of genital herpes by age and GBD region in 1990, 2000, 
2010 and 2019. GBD: Global Burden of Disease Study.

Acknowledgements
We appreciate the works by the Global Burden of Disease study 2019 
collaborators.

Author contributions
MD, JL and ML conceptualised and designed the study, MD did data acquisi-
tion, MD did data curation and formal analysis. MD, WY, WJ, CQ and QL did 
visualization, MD did writing—original draft, JL and ML did writing—review-
ing and editing. All authors read and approved the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (Grant Numbers 72122001, 71934002), the National Key Research 
and Development Project of China (Grant Numbers 2021ZD0114101, 
2021ZD0114104, 2021ZD0114105), National Science and Technology Project 
on Development Assistance for Technology, Developing China-ASEAN Public 
Health Research and Development Collaborating Center (No. KY202101004) 
and National Statistical Science Research Project (Grant Number 2021LY038).

Availability of data and materials
The datasets used in the present study are available in GBD 2019. This data can 
be found here: http:// ghdx. healt hdata. org/ gbd- resul ts- tool.

Declarations

Ethics approval and consent to participate
Approval was waived because of publicly available data.

Consent for publication
Not applicable.

Competing interests
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Author details
1 Department of Epidemiology and Biostatistics, School of Public Health, 
Peking University, Beijing, China. 2 Institute for Global Health and Develop-
ment, Peking University, Beijing 100871, China. 

Received: 21 February 2022   Accepted: 16 June 2022

References
 1. VanBenschoten HM, Woodrow KA. Vaginal delivery of vaccines. Adv Drug 

Deliv Rev. 2021;178: 113956.
 2. Tien V, Punjabi C, Holubar MK. Antimicrobial resistance in sexually trans-

mitted infections. J Travel Med. 2020;27(1): taz101.
 3. Global health sector strategy on sexually transmitted infections. https:// 

www. who. int/ repro ducti vehea lth/ publi catio ns/ rtis/ ghss- stis/ en/.
 4. Manavi K. A review on infection with Chlamydia trachomatis. Best Pract 

Res Clin Obstet Gynaecol. 2006;20(6):941–51.
 5. Report on global sexually transmitted infection surveillance, 2018. 

Geneva: World Health Organization; 2018. Licence: CC BY-NC-SA 3.0 IGO. 
https:// www. who. int/ repro ducti vehea lth/ publi catio ns/ stis- surve illan ce- 
2018/ en/.

 6. Global Burden of Disease Study 2017 (GBD 2017) Results. Seattle, United 
States: Institute for Health Metrics and Evaluation (IHME); 2018. http:// 
ghdx. healt hdata. org/ gbd- resul ts- tool. Accessed 10 Sept 2021.

 7. Global Burden of Disease Collaborative Network. Global Burden of 
Disease Study 2019 (GBD 2019) cause list mapped to ICD codes. Seattle, 
United States of America: Institute for Health Metrics and Evaluation 
(IHME); 2020. Globa l Burde n of Disea se Study  2019 (GBD 2019)  Cause  List 
Mappe d to ICD Codes  | GHDx (healt hdata. org). Accessed 18 May 2022.

 8. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 
diseases and injuries in 204 countries and territories, 1990–2019: a 
systematic analysis for the Global Burden of Disease Study 2019. Lancet. 
2020;396(10258):1204–22.

 9. Global Burden of Disease Collaborative Network. Global Burden of Dis-
ease Study 2019 (GBD 2019) socio-demographic index (SDI) 1950–2019. 
2020. http:// ghdx. healt hdata. org/ record/ ihme- data/ gbd- 2019- socio- 
demog raphic- index- sdi- 1950- 2019. Accessed 3 Mar 2021.

 10. Murray CJL, Ezzati M, Flaxman AD, Lim S, Lozano R, Michaud C, et al. GBD 
2010: design, definitions, and metrics. Lancet. 2012;380(9859):2063–6.

 11. Liu Z, Jiang Y, Yuan H, Fang Q, Cai N, Suo C, et al. The trends in incidence 
of primary liver cancer caused by specific etiologies: results from the 
Global Burden of Disease Study 2016 and implications for liver cancer 
prevention. J Hepatol. 2019;70(4):674–83.

 12. Du M, Jing W, Liu M, Liu J. The global trends and regional differences in 
incidence of dengue infection from 1990 to 2019: an analysis from the 
Global Burden of Disease Study 2019. Infect Dis Ther. 2021;10(3):1625–43.

 13. Jing W, Liu J, Liu M. The global trends and regional differences in 
incidence of HEV infection from 1990 to 2017 and implications for HEV 
prevention. Liver Int. 2021;41(1):58–69.

 14. Swayze EJ, Nielsen-Saines K, Segura ER, Saad E, Yue D, Comulada WS, 
et al. Failure to recognize low non-treponemal titer syphilis infections 
in pregnancy may lead to widespread under-treatment. Int J Infect Dis. 
2021;104:27–33.

 15. Santos MMD, Rosendo T, Lopes AKB, Roncalli AG, Lima KC. Weaknesses in 
primary health care favor the growth of acquired syphilis. PLoS Negl Trop 
Dis. 2021;15(2): e0009085.

 16. Shaw SY, Elliott LJ, Nowicki DL, Green CG, Ross CP, Reimer JN, et al. Com-
paring the ecological niches of chlamydial and gonococcal infections in 
Winnipeg, Canada: 2007–2016. Sex Transm Dis. 2021;48(11):837–43.

 17. Yue X, Gong D, Li J, Zhang J. Epidemiological trends and features of 
syphilis in China, 2014–2019. Chin J Dermatol. 2021;54(08):668–72.

 18. Wanni NHO, Dossary RA, Obeid OE, Qahtani NHA, Siddiqui ZI, El-Badry 
AA, et al. Seropositivity of syphilis among individuals screened in a 
tertiary hospital in the eastern Province of Saudi Arabia. Ann Saudi Med. 
2021;41(1):8–13.

 19. Groos A, Peardon-Freeman S, McFarlane K, Braithwaite S, Gajjar D, Murch 
P, et al. Free online chlamydia and gonorrhoea urine test request in 

https://doi.org/10.1186/s12879-022-07544-7
https://doi.org/10.1186/s12879-022-07544-7
http://ghdx.healthdata.org/gbd-results-tool
https://www.who.int/reproductivehealth/publications/rtis/ghss-stis/en/
https://www.who.int/reproductivehealth/publications/rtis/ghss-stis/en/
https://www.who.int/reproductivehealth/publications/stis-surveillance-2018/en/
https://www.who.int/reproductivehealth/publications/stis-surveillance-2018/en/
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/record/ihme-data/gbd-2019-cause-icd-code-mappings
https://ghdx.healthdata.org/record/ihme-data/gbd-2019-cause-icd-code-mappings
http://ghdx.healthdata.org/record/ihme-data/gbd-2019-socio-demographic-index-sdi-1950-2019
http://ghdx.healthdata.org/record/ihme-data/gbd-2019-socio-demographic-index-sdi-1950-2019


Page 16 of 16Du et al. BMC Infectious Diseases          (2022) 22:574 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Queensland, Australia: convenience of home sample collection versus 
pathology collection centre attendance for faster results. Sex Health. 
2021;18(3):254–9.

 20. Bourchier L, Malta S, Temple-Smith M, Hocking J. Do we need to worry 
about sexually transmissible infections (STIs) in older women in Australia? 
An investigation of STI trends between 2000 and 2018. Sex Health. 
2020;17(6):517–24.

 21. Righarts A, Gray AR, Morgan J, Saxton PJ, Green JA, Connor JL, et al. Chla-
mydia testing in New Zealand: analysis of the 2014/2015 national health 
survey. Sex Transm Dis. 2021;48(7):493–8.

 22. Nag S, Sarkar S, Chattopadhyay D, Bhattacharya S, Biswas R, SenGupta 
M. Seroprevalence of herpes simplex virus infection in HIV coinfected 
individuals in eastern India with risk factor analysis. Adv Virol. 2015;2015: 
537939.

 23. Rotermann M, Langlois KA, Severini A, Totten S. Prevalence of Chlamydia 
trachomatis and herpes simplex virus type 2: results from the 2009 to 
2011 Canadian health measures survey. Health Rep. 2013;24(4):10–5.

 24. Sharma S, Tiwari S, Paliwal V, Mathur DK, Bhargava P. Study of patterns 
of sexually transmitted diseases using a syndromic approach in the era 
of human immunodeficiency virus from a tertiary care hospital of the 
northern India. Indian J Sex Transm Dis AIDS. 2015;36(2):158–61.

 25. Sarkar S, Shrimal A, Das J, Choudhury S. Pattern of sexually transmit-
ted infections: a profile from a sexually transmitted infections clinic 
of a tertiary care hospital of eastern India. Ann Med Health Sci Res. 
2013;3(2):206–9.

 26. Peltzer K, Pengpid S. Health risk behaviours among adolescents in Argen-
tina: trends between 2007, 2012 and 2018 national cross-sectional school 
surveys. BMC Pediatr. 2021;21(1):464.

 27. Sharma SK, Vishwakarma D. Transitions in adolescent boys and 
young men’s high-risk sexual behaviour in India. BMC Public Health. 
2020;20(1):1089.

 28. Szucs LE, Barrios LC, Young E, Robin L, Hunt P, Jayne PE. The CDC’s division 
of adolescent and school health approach to sexual health education in 
schools: 3 decades in review. J Sch Health. 2022;92(2):223–34.

 29. Eastman-Mueller H, Fu TC, Dodge BM, Herbenick D. The relationship 
between college students’ campus sexual health resource utilization and 
self-reported STI testing: findings from an undergraduate probability 
survey. J Am Coll Health. 2022;70(3):843–51.

 30. Macharia P, Pérez-Navarro A, Sambai B, et al. An unstructured supplemen-
tary service data-based mHealth app providing on-demand sexual repro-
ductive health information for adolescents in Kibra, Kenya: randomized 
controlled trial. JMIR Mhealth Uhealth. 2022;10(4): e31233.

 31. Kakalou C, Polychronidou E, Drosou V, Dimitriadis VK, Dermaris T, Kordo-
nias R, et al. A GDPR-compliant partner notification service. Stud Health 
Technol Inform. 2022;289:460–4.

 32. Jamison CD, Waselewski M, Gogineni V, Bell J, Hadler N, Chaudhry K, et al. 
Youth knowledge and perspectives on expedited partner therapy. J 
Adolesc Health. 2022;70(1):114–9.

 33. Tuddenham S, Hamill MM, Ghanem KG. Diagnosis and treatment of sexu-
ally transmitted infections: a review. JAMA. 2022;327(2):161–72.

 34. Malama K, Price MA, Sagaon-Teyssier L, Parker R, Wall KM, Tichacek A, et al. 
Evolution of condom use among a 5-year cohort of female sex workers in 
Zambia. AIDS Behav. 2022;26(2):470–7.

 35. Zaneva M, Philpott A, Singh A, Larsson G, Gonsalves L. What is the added 
value of incorporating pleasure in sexual health interventions? A system-
atic review and meta-analysis. PLoS ONE. 2022;17(2): e0261034.

 36. Qu Z, Azizi A, Schmidt N, Craig-Kuhn MC, Stoecker C, Hyman JM, et al. 
Effect of screening young men for Chlamydia trachomatis on the rates 
among women: a network modelling study for high-prevalence com-
munities. BMJ Open. 2021;11(1): e040789.

 37. Poteat T, White RH, Footer KHA, Park JN, Galai N, Huettner S, et al. 
Characterising HIV and STIs among transgender female sex workers: a 
longitudinal analysis. Sex Transm Infect. 2021;97(3):226–31.

 38. Harvey-Lavoie S, Apelian H, Labbé AC, Cox J, Messier-Peet M, Moodie 
EEM, et al. Community-based prevalence estimates of Chlamydia tra-
chomatis and Neisseria gonorrhoeae infections among gay, bisexual, and 
other men who have sex with men in Montréal, Canada. Sex Transm Dis. 
2021;48(12):939–44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Increasing incidence rates of sexually transmitted infections from 2010 to 2019: an analysis of temporal trends by geographical regions and age groups from the 2019 Global Burden of Disease Study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data source
	Regions and demographics
	Data analysis

	Results
	Global and national trends in STI incidence
	Differences in STI incidence across 5 SDI regions
	Differences in STI incidence across 21 GBD regions

	Discussion
	Conclusions
	Acknowledgements
	References


