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This study aimed to investigate trends in the epidemiology of the leading sexually transmitted diseases (STDs),
acquired immune deficiency syndrome (AIDS), gonorrhea, and syphilis, in the 31 provinces of mainland China.
This retrospective study analyzed the incidence data of STDs from official reports in China between 2004 and
2016. The grey model first order one variable, or GM (1,1), time series forecasting model for epidemiological
studies predicted the incidence of STDs based on the annual incidence reports from 31 Chinese mainland prov-
inces. Hierarchical cluster analysis was used to group the prevalence of STDs within each province.

The prediction accuracy of the GM (1,1) model was high, based on data during the 13 years between 2004 and
2016. The model predicted that the incidence rates of AIDS and syphilis would continue to increase over the
next two years. Cluster analysis showed that 31 provinces could be classified into four clusters according to
similarities in the incidence of STDs. Group A (Sinkiang Province) had the highest reported prevalence of syph-
ilis. Group B included provinces with a higher incidence of gonorrhea, mainly in the southeast coast of China.
Group C consisted of southwest provinces with a higher incidence of AIDS.

The GM (1,1) model was predictive for the incidence of STDs in 31 provinces in China. The predicted incidence
rates of AIDS and syphilis showed an upward trend. Regional distribution of the major STDs highlights the need
for targeted prevention and control programs.
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Background

Acquired immune deficiency syndrome (AIDS) due to human
immune deficiency virus (HIV) infection, syphilis, and gonor-
rhea are the three major sexually transmitted diseases (STDs)
in China, and are legally notifiable infectious diseases accord-
ing to the Law of the Peoples’ Republic of China on Prevention
and Control of Infectious Diseases [1]. Clinically diagnosed
STDs, or those diagnosed by laboratory investigations, have
a mandatory requirement to be reported to national surveil-
lance systems in China [1]. Surveillance data from 2004 to
2013 in China showed that HIV infection and syphilis had the
most rapid increase in incidence, with an annual increase in
prevalence of 16.3% (95% Cl, 11.5-21.2), and 16.3% (95% Cl,
13.8-18.8) respectively, and gonorrhea had the most rapid
rates of decline with an annual change of -8.5% (95% Cl,
-11.7 to -5.1) [2]. The increased incidence of HIV and syphilis
was attributed to a variety of reasons, including internal la-
bor migration, unsafe sexual practices, and lack of consulting
healthcare services [3-5].

Monitoring and evaluating the increasing incidence of STDs,
particularly the ability to predict the prevalence of STDs, is es-
sential to control infectious disease [1]. Several methods have
been used to detect and predict the prevalence of infectious
disease over time, including the autoregressive integrated mov-
ing average (ARIMA) model, the back propagation neural net-
work (BPNN) model, and the grey model (GM) [6,7]. The ARIMA
model assumes a linear relationship between dependent and
independent variables and a constant standard deviation in
a time series [8]. However, the actual surveillance data often
presents complex non-linear relationships and non-stationary
distributions over time [8,9]. The BPNN model requires suffi-
cient training data and longer training times to obtain an ac-
curate and generalized model and may be associated with
a predisposition to falling into local minima in the training
process [6]. Difficulties in the collection of detailed informa-
tion and complex mathematical operations also limit the ap-
plication of the BPNN model.

Compared with the ARIMA and BPNN methods, the grey model
requires a smaller sample size, less stringent data distribution,
and it is easier to analyze [10]. Deng first proposed the grey
system theory in 1982 through the analysis of systems with
partially known, incomplete, or uncertain information [11].
The grey model can be built to aid predictions and decision-
making in the face of limited information and knowledge [11].
Recently, the grey model has been applied to the analysis of
data involving the environment, energy, and finance, with sat-
isfactory reported results [12]. The grey model can also pre-
dict the epidemiology of infectious diseases, including typhoid
fever and echinococcosis [7,10]. The grey model can predict
the incidence of infectious disease and facilitate intervention
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strategies and was chosen for this study to predict the prev-
alence of STDs in China.

To identify and monitor the incidence of STDs an understanding
of the regional distribution of disease incidence is required [13].
In China, the occurrence of STDs has significant disparity across
regions, with some infections reaching epidemic levels in cer-
tain parts of the country [14,15]. The regional epidemiology of
disease must be considered when healthcare services, includ-
ing administration and allocation of resources to implement
prevention and control of STDs.

Comprehensive STD control programs are urgently required to
reduce the spread of STDs in China. Therefore, this study aimed
to investigate trends in the epidemiology of the leading sexu-
ally transmitted diseases (STDs), acquired immune deficiency
syndrome (AIDS), gonorrhea, and syphilis, in the 31 provinces
of mainland China between 2004 and 2016.

Material and Methods

Study design and data access

This retrospective study required no ethical approval as ano-
nymized retrospective data were collected and analyzed from
existing resources. The incidence data of legally notifiable in-
fectious diseases in mainland China were publicly accessible
from the official website of the National Health and Family
Planning Commission of the Peoples’ Republic of China [16].

Data collection

The incidence of acquired immune deficiency syndrome (AIDS)
due to human immune deficiency virus (HIV) infection, syphilis,
and gonorrhea in mainland China from 2004 to 2016 were ob-
tained from official reports released by the National Health
and Family Planning Commission of the People’s Republic of
China [16]. The reported incidence data of 31 provinces, or au-
tonomous regions and municipalities, were also collected.

Data analysis using the grey prediction model, GM (1,1)

The grey model was designed to make predictions from par-
tially known or limited data [12]. The grey model first order
one variable, or GM (1,1), time series forecasting model for ep-
idemiological studies is a more specific and widely used grey
prediction model [7]. In this study, the reported incidence rates
of AIDS, syphilis, and gonorrhea from 2004 to 2016 were col-
lected to establish the GM (1,1) model for incidence prediction.
The following steps explain how the model was developed.

The original data sequence was presented as Eq (1):
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X0 =(x0), x7 (1), xV2), -, 5"}
where,
X)=0,1=0,1,2, -, n.

The accumulated generating operation (AGO) was then used
to generate the first order accumulative data sequence of x©:

= x90), xV (1), xV @), -, xP ()} @
where,
x(l)(k)zzfzox(o)(i), k=0,1,2, - n
The adjacent neighbor mean sequence of ¥ was expressed as:
D=0 1), 20 2), -+, 20 ()} 3)
where,

200k =05 x [V (k) + XV (k= D], k=1,2, -, n.

Next, the basic grey differential equation of GM (1,1) was es-
tablished as:

XU +axVk)y=b @

The whitening differential equation of GM (1,1) represented the
first-order linear differential equation based on x® (k), given as:

dxV/de + axV=b (5)

where, a and b were defined as the model parameters and
estimated using the ordinary least square (OLS) method. The
estimation of a and b using the OLS method was as follows:

~ [ pTp\-1pT
i=[, |- (8"B) 'B'Y ©)
where,
FOm] [P 1]
Yt@(z) B[—zm(z) 1} 7)
Ol L0

With the obtained parameters a and b substituted into Eq (5),
the time response function of GM (1,1) was denoted as follows:

k) = K O0)-L 1 L k=0,1,2,,n ()
a a

2O%+1) =2V k+1)-2 V) ©)
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where,
x© (k+1) represents the predicted value.

After establishing the GM (1,1), its accuracy was examined to
extrapolate the predicted values.

During the error analysis of the grey system, the late error de-
tection method was used to quantify the prediction error and
to assess its accuracy. This method used two important indices,
the posterior error ratio, termed C, and the small error prob-
ability termed P. Between the actual data and the predicted
values, the residual error was denoted as:

V%) = xO%)-2Oh), k=1,2,3, -, n (10)
where, C was the ratio between the standard deviation of the

residual error (S,) and the standard deviation of original data
(S,)- The specific equation was given as:

C=S./S; (11)

O )5 O3
S /2@ i D g /zoc i )5) (12)

P was calculated as follows:

where,

P=P{ | £VFk)-z | <0.67458.}=m/n (13)

where, m was the total number of cases that | €2(k)-2 |
<0.67455x.

A lower C-value and a higher P-value indicated a better fore-
casting result. The combination of P and C defined four levels
of forecasting accuracy (Table 1). Statistical analysis was per-
formed using Predictive Analytics SoftWare (PASW) Statistics
version 18.0 for Windows.

Hierarchical cluster analysis

Hierarchical cluster analysis was used to classify the vari-
ables according to differences or similarities [17]. In this study,

Table 1. Four levels of forecasting accuracy of the grey model.

Level C-value P-value

Good (G) C<0.35 P >0.95
Acceptable (&) 035<C<050  080<P<095
CPass(®) 050<C<065  070<P<080
Unacceptable(V) cs065 P070
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Table 2. Actual and predicted values of the incidence of reported cases of acquired immune deficiency syndrome (AIDS) in China using

the GM (1,1) model from 2004 to 2018 (1/100,000).

Year k x9(k)

2004 0 0.23
”””””” 200 1 o043
”””””” 20 2 os1
”””””” 20 3 om
”””””” 2008 a4 oz
”””””” 200 s 1
”””””” 200 6 12
”””””” 2o 7 153
”””””” 2012 8 o3
”””””” 203 9 312
”””””” 2014 10 333
”””””” 20 1 3e9
”””””” 2006 12 397
”””””” 2007 o1 -
”””””” 208 14 -

oK) £O(K) £O(k)-E
"""" 066 023 o001
"""" 079 028  -005
"""" 05  -—021 o002
14 -3 015
137 —037 014
 1e4  —0a o1
w7 —0a w01
"""" 237 o4 o097
"""" 285 o022  os1
342 —000 015
"""" a1 042 -018
"""" 493 096  -o73
5.92 - -
"""" o -

%x©(k) — actual data of reported incidence of acquired immune deficiency syndrome (AIDS) at year k; 7@ (k) — predicted value of
reported AIDS incidence at year k; €9(k) — residual error between x©(k) and %©(k); e9(k)-€ — deviation from the average of residual

error.

the reported incidence rates of AIDS, syphilis, and gonorrhea
across the 31 Chinese provinces were introduced into a hier-
archical cluster analysis. Given the significant differences be-
tween the incidence rates of the three STDs, all data were first
Z-score standardized. The between-group linkage method was
used for the clustering algorithm, and the squared Euclidean
distance was selected to measure the similarity coefficient.
In the analysis dendrogram, closely connected provinces were
identified to be more similar than those further apart. Provinces
in the same cluster had similar STD epidemiological charac-
teristics and provinces between clusters were more variable.

Results

The predicted incidence of acquired immune deficiency
syndrome (AIDS) in China

The reported incidence of acquired immune deficiency syn-
drome (AIDS) in China from 2004 to 2016 is shown in Table 2
and Figure 1. The incidence of AIDS continually increased be-
tween 2004 to 2016. The grey model first order one variable,
or GM (1,1), time series forecasting model for epidemiological

studies was used to predict the reported incidence of AIDS by
the following equation:

70 (k+1)=0.66€° 153

The C-value of the GM (1,1) calculated over the 13-year period
was 0.30, and the grey forecasting accuracy was good. The S
value was 1.34, and the number of cases that | ¢”(k)—z |
<0.67455X was 11. The P-value of GM (1,1) was 92%, and the
grey forecasting accuracy was acceptable. The predicted inci-
dence obtained using the GM (1,1) model closely agreed with
the actual data, suggesting the model fitted well. The results pre-
dicted that the incidence of AIDS maintained an upward trend
in China, and the annual reported incidence rates from 2017
and 2018 were 5.92/100,000 and 7.11/100,000, respectively.

Predicted incidence of gonorrhea in China
The reported incidence of gonorrhea in China from 2004 to
2016 is shown in Table 3 and Figure 2. The forecast equation

of GM (1,1) was applied for data analysis.

7O (k+1)=12.52¢0065
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Figure 1. Actual and predicted reported incidence of acquired
immune deficiency syndrome (AIDS) in China using
the GM (1,1) model, from 2004 to 2018.

Figure 2. Actual and predicted reported incidence of gonorrhea
in China using the GM (1,1) model, from 2004 to 2018.

Table 3. Actual and predicted values of the incidence of reported cases of gonorrhea in China using the GM (1,1) model from 2004 to

2018 (1/100,000).

Year k x9(k)

2004 0 17.34
”””””” 200 1 179
”””””” 2006 2 1214
”””””” 200 3 108
”””””” 2008 a4 90
”””””” 20 s 902
”””””” 200 6 191
”””””” o 7 1m0
”””””” 2012 8  es2
”””””” 203 9 736
”””””” 2014 10 705
”””””” 28 o1 736
”””””” 2006 12 8%
”””””” 2007 13 -
”””””” 208 14 -

oK) €O(K) £O(k)-E
"""" w252 127 124
"""" w73 o4 o3
"""" 09 009 o005
"""" 030  -040  -043
"""" 065  -063 -1
"""" 004 -3 17
"""" 847  -116 120
"""" 704 112 116
"""" 744 -008  -012
"""" 697 o008  oo04
"""" 653 o8 o7
"""" 612 227 223
C sen - -
s - -

%x©(k) — actual data of reported incidence of gonorrhea at year k; (k) — predicted value of reported incidence of gonorrhea at year k;
€O(k) — residual error between x©(k) and 3 (k); €9 (k)—& — deviation from the average of residual error.

The C-value of the GM (1,1) model was 0.33 and the grey fore-
casting accuracy was good. The S, value was 3.04, and the
number of cases that | £Q()-z | <0.67455, was 11. Therefore,
the P-value of GM (1,1) was 92%, and the grey forecasting
accuracy was acceptable. The results predicted that the inci-
dence of gonorrhea followed a decreasing trend in China, and
the annual reported incidence rates from 2017 to 2018 were
5.74/100,000 and 5.38/100,000, respectively.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Predicted incidence of syphilis in China

The reported incidence of syphilis in China from 2004 to 2016
is shown in Table 4 and Figure 3. The forecast equation of GM
(1,1) was applied to analyze the data.

7 (k+1)=15.56e0075
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Table 4. Actual and predicted values of the incidence of reported cases of syphilis in China using the GM (1,1) model from 2004 to

2018 (1/100,000).

Year k x9(k)

2004 0 7.12
”””””” 200 1 eer
”””””” 206 2 1280
”””””” 2000 3 1588
”””””” 2008 4 1949
”””””” 20 s 2307
”””””” 2010 6 268
”””””” om 7 2047
”””””” 2012 8 3044
”””””” 03 9 30048
”””””” 2014 10 3093
”””””” 250 11 3ss
”””””” 2006 12 397
”””””” 2007 o1 -
”””””” 208 14 -

oK) £O(K) £O(k)-E
"""" 1556  -s89 549
"""" 683  -403 36
"""" 1819 -231 91
"""" 1967  -018 023
o126 181t 21
299 381 228
485 462 502
687 3st 308
005 090 140
"""" 3141 048 -007
"""" 3305 210 170
e 474 433
3960 - -
P - .

%x©(k) — actual data of reported incidence of syphilis at year k; ¢©(k) — predicted value of reported incidence of syphilis at year k;
€O(k) — residual error between x©(k) and 3©(k); €9 (k)—& — deviation from the average of residual error.

s T & Syphilis reported incidence rate
§ 40.0 | = Predicted value

0 T T T T T T T T T T T T T T 1
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

Figure 3. Actual and predicted reported incidence of syphilis in
China using the GM (1,1) model, from 2004 to 2018.

The C-value of the GM (1,1) model was 0.39, and the grey fore-
casting accuracy was acceptable. The S value was 8.68, and the
number of cases that | £Q()-z | <0.67455, was 12. Therefore,
the P-value of the GM (1,1) model was 100%, indicating good
forecasting accuracy. The results predicted that the incidence
of syphilis would increase in China, and the annual reported
incidence rates from 2017 to 2018 were 39.69/100,000 and
42.91/100,000, respectively.

The reported incidence of the three STDs in China in 2016

The reported incidence of AIDS, syphilis, and gonorrhea across
the 31 provinces in 2016 are shown in Table 5. Guangxi, Yunnan,
Sichuan, and Chongging reported a higher incidence of AIDS.
Areas with a high incidence of gonorrhea included Zhejiang,
Shanghai, Hainan, Guangdong, and Fujian. Sinkiang, Zhejiang,
Fujian, and Shanghai had a higher reported incidence of syph-
ilis than other provinces.

Cluster analysis of the three STDs in China in 2016

The dendrogram (Figure 4) shows the cluster analysis results
of the incidence of STDs across the provinces of China in 2016.
The 31 provinces were classified into four groups according to
the degree of similarity in reported incidence. In combination
with the results of Table 5, the classification results showed
that group A (Sinkiang) had the highest reported incidence of
syphilis. Group B (Fujian, Hainan, Guangdong, Zhejiang, and
Shanghai) had the highest incidence of gonorrhea. Group C
(Chongging, Guizhou, Guangxi, Yunnan, and Sichuan) had the
highest incidence of AIDS.
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Table 5. The reported incidence of acquired immune deficiency syndrome (AIDS), gonorrhea, and syphilis in China in 2016 (1/100,000).

Region D
Beijing 3.62

Gonorrhea Syphilis

Sinkiang 8.14

Discussion

This study aimed to predict the incidence of acquired immune
deficiency syndrome (AIDS) due to human immune deficiency
virus (HIV) infection, syphilis, and gonorrhea using data reported
from 2004 to 2016, and to classify the regional distribution of
these sexually transmitted diseases (STDs) in China. The in-
cidence rates of AIDS and syphilis may increase for a further
two years, indicating that AIDS had reached epidemic levels in
China. The factors associated with the increasing trend include
engagement in unsafe sexual practices, especially among men

who have sex with men (MSM), and female sex workers (FSWs)
and their clients [18,19]. Of the newly reported annual cases of
HIV/AIDS, cases transmitted by homosexual sex increased from
2.5% in 2006 to 27.6% in 2016 [20,21]. Previous studies have
also shown that that rural-to-urban migration, social stigma,
and lack of healthcare-seeking behavior expand the spread of
HIV/AIDS and syphilis [3-5,18]. Also, HIV and syphilis can be
co-transmitted, which potentially further drives the growth of
the epidemic [22]. There is an urgent need for the promotion
of interventions such as condom use, voluntary counseling and
testing, and health education regarding safe sex and STDs to
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Figure 4. Hierarchical cluster analysis dendrogram of the
reported incidence of the three sexually transmitted
diseases (STDs), acquired immune deficiency syndrome
(AIDS), gonorrhea, and syphilis in the 31 provinces of
mainland China in 2016.

control HIV/AIDS and syphilis [18,23]. Since syphilis and HIV
share similar modes of transmission and similar risk behaviors,
their control interventions should be combined [22].

Cluster analysis classified the provinces into 4 groups based
on the degree of similarities of the characteristics of the inci-
dence of STDs. The provinces in each group were geographi-
cally adjacent. Group C included Chongging, Guizhou, Yunnan,
and Sichuan in southwest China that reported the highest in-
cidence of AIDS. Provinces in the Southwest border of China
are adjacent to the Golden Triangle Drug Trade in Southeast
Asia. Yunnan is renowned for drug trafficking and drug con-
sumption, which may explain the high rates of HIV/AIDS [24].
HIV infection in China among injecting drug users was identi-
fied in Yunnan in 1989. The transmission rates of HIV among
injecting drug users residing near major routes of drug-traf-
ficking in Guangxi, Sichuan and other provinces increased rap-
idly [25]. It has previously been suggested that injecting syn-
thetic drugs, such as ketamine and ecstasy, increases high-risk
sexual practices, and facilitated the spread of HIV to spread
from intravenous drug users to their sexual partners [24,26].

Ye X. et al.:
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Based on this information, the government should strengthen
anti-drug law enforcement to control drug use as an effective
response to the HIV/AIDS epidemic in Southwest areas [27].

Group B included provinces with a high reported incidence of
gonorrhea, which were mainly located in the Southeast coast-
line of China that has a developed economy and mobile popula-
tion. Previous studies identified high-incidence clusters of gon-
orrhea that were primarily distributed in the eastern Yangtze
River Delta (Zhejiang and Shanghai) and southern Pearl River
Delta (Guangdong), which are the most developed coastal areas
of China [28]. This regional pattern was associated with mass
rural-to-urban migration [14]. A previously published system-
atic review showed that the prevalence of gonorrhea amongst
migrants was 13.6 greater (range, 5.8-32.1) than the odds of
infection amongst the general Chinese population [4]. Several
migrants who were unmarried or away from their spouses have
flocked to wealthy cities for better employment, with increased
rates of unsafe sexual behaviors including unprotected sex and
multiple sexual partners [18,28]. Furthermore, the high rates
of migration have facilitated the spread of gonorrhea across
prosperous regions in China. Therefore, gonorrhea control mea-
sures including health education, the promotion of condom use,
and early screening and treatment should be increased in the
Southeast provinces and targeted to key groups including mi-
grant workers and female sex workers [14,28].

Group A included the Sinkiang province, which had the high-
est reported incidence of syphilis. This province is located in
northwest China and borders many Asian countries. Regional
or spatial analysis studies have also indicated that some re-
gions at high risk of syphilis were present in less developed
areas and inland areas, including Sinkiang [15]. Approximately
half of the syphilis cases in Sinkiang international ports origi-
nated from ethnic minorities, particularly the Uyghurs, account-
ing for 37.88% of the population [29]. In remote areas near
the Chinese border, the spread of syphilis may be associated
with different cultures and customs, inadequate sexual knowl-
edge, and high-risk behaviors among a multi-ethnic popula-
tion [3,29]. Therefore, targeted interventions should consider
ethnic minorities, and should include bilingual health educa-
tion promotion pamphlets both in the Chinese Han language
and in ethnic minority languages [29,30]. Also, the quality and
allocation of medical resources should be optimized in distant
inland areas to reduce the incidence of syphilis effectively [15].

This study had several limitations. In contrast to nationwide
time trend analysis for 13 years, and for provincial analysis,
this study analyzed only incidence information over one year
at the provincial level. In future studies, time trends and the
geographic distribution of incidence at the sub-provincial level
should be assessed to identify the diversity of the epidemiol-
ogy of STDs in China in more detail.
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Conclusions

This study showed that the GM (1,1) model was an effective
method to predict the incidence of sexually transmitted dis-
eases (STDs). The incidence rates of acquired immune defi-
ciency syndrome (AIDS) and syphilis in China are predicted to
continue to rise, and the rates of STD were unequally distrib-
uted across mainland China. Therefore, control and prevention
programs should consider the geographic distribution of STDs.
Specifically, intervention programs must acknowledge the ep-

CLINICAL RESEARCH

provinces, gonorrhea in the Southeast coastline provinces, and
syphilis in Sinkiang province of northwest China.
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