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Abstract

Objective: To predict the trend of AIDS in specific age groups and to determine the objective population for AIDS
screening, this study explored the three transmission routes and characterized each patient group using the APC
model based on the whole, local, and immigrant populations in Zhejiang, China.

Methods: The data recruited in this paper was obtained from the national Comprehensive AIDS Prevention and
Control Information System - Antiviral Therapy Management database and the Chinese Disease Prevention and
Control Information System and the Statistical Yearbook of Zhejiang, China. An APC model was used to estimate
the impact of age, period, and cohort on the incidence of AIDS, as well as to predict the AIDS incidence in specific
age groups based on different sexes with different transmission routes.

Results: The AIDS incidence peaked in males aged 20–35 years; the incidence of males was higher than that of
females due to the impact of period; obvious cohort effect was observed among the immigrants. In the whole and
local populations, the incidences of males in all age groups and females in both the 35-year-old group and the
whole age group were predicted to increase sharply in 5 years. In the immigrant population, the AIDS incidences in
both sexes in all age groups were expected to increase significantly in 5 years. Under the influence of period, the
incidence of AIDS via homosexual transmission in the whole population and the local population increased and
remained stable after 2015. At the same time, the incidence of AIDS transmitted by homosexual and heterosexual
routes in the immigrants also showed an increasing trend.

Conclusions: The results elucidate that there are sex differences in AIDS incidence, and the incidence of AIDS
through various transmission routes in all groups is predicted to exhibit an upward trend in the 5 years to come.
Effective intervention strategies should be developed and implemented by the public health departments in
Zhejiang to control the epidemic of AIDS.

Keywords: AIDS, Age effect, Period effect, Cohort effect, Prediction

© The Author(s). 2021 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://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: wangkaimath@sina.com; zhihangpeng@njmu.edu.cn
†Zhenzhen Lu and Weidong Ji contributed equally to this work.
4Department of Medical Engineering and Technology, Xinjiang Medical
University, Urumqi 830011, China
1Department of Epidemiology and Biostatistics, School of Public Health,
Nanjing Medical University, Nanjing 211166, Jiangsu, China
Full list of author information is available at the end of the article

Lu et al. BMC Public Health         (2021) 21:1077 
https://doi.org/10.1186/s12889-021-11050-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-021-11050-x&domain=pdf
http://orcid.org/0000-0003-4372-2487
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:wangkaimath@sina.com
mailto:zhihangpeng@njmu.edu.cn


Highlights

1. An APC model was applied to different populations
in Zhejiang Province of China to analyze the
incidence trend of AIDS via three transmission
routes in each group.

2. The incidence of AIDS among 20–35 years old men
and women in each group was significantly affected
by age effect.

3. The incidence of AIDS and the increase rate in men
were both higher than that in women.

4. The AIDS incidence in the immigrant population
was expected to increase significantly in the next 5
years, which differs from the other populations.

5. The incidence of AIDS was predicted to increase in
the next 5 years.

Background
Acquired immunodeficiency syndrome (AIDS), a global
health crisis caused by human immunodeficiency virus
(HIV) [1], can affect and then destroy T lymphocytes of
the human immune system, making the body unable to
resist infections and diseases and even leading to oppor-
tunistic infections and deaths [2]. The main routes of
AIDS transmission are needle sharing among drug users,
commercial sex between sex workers and clients, unsafe
blood donation and vertical transmission from mother
to child. By 2018, 77.3 million people had been infected
with HIV and 35.4 million had died of AIDS-related dis-
eases worldwide. Although new HIV infection cases fell
by 36% between 2000 and 2017 and the number of HIV-
related deaths by 38%, the number of people living with
HIV increased by 14% between 2010 and 2017, indicat-
ing that the HIV/AIDS epidemic is still on the rise [3].
In China, the first case of AIDS was an Argentinean

man travelling to China in 1985. The first local case of
HIV infection, found in the same year, was a
hemophiliac in Zhejiang Province in eastern China [4].
Since then, HIV/AIDS has spread throughout the coun-
try [5]. By July 2017, about 728,270 people in China had
been infected with HIV/AIDS and 223,798 had died of
AIDS-related diseases [6]. Currently, 780,000 people are
estimated to be living with HIV/AIDS, and 21.0% of
them are migrant population [7]. The high risk of HIV
infection among migrants can be attributed to the fol-
lowing social, economic, and political factors: unavail-
ability of permanent household registration (hukou),
marginalization, and insufficient health education, public
health services and health insurance [8]. Although stud-
ies have shown that males have a higher incidence of
AIDS than females in many countries [9, 10], the sex dif-
ference is not significant in the HIV/AIDS population in
China. Currently, few studies have focused on HIV/
AIDS prevalence and heterogeneity among the local

population and migrant population in China. Therefore,
a better understanding of the sex differences in HIV/
AIDS among the local and immigrant populations and
the differences in the HIV/AIDS incidence through dif-
ferent routes of transmission is crucial for AIDS preven-
tion and control in China.
APC model, a statistical method based on Poisson dis-

tribution, can analyze the birth cohort factor and period
factor at the same time, while the traditional modeling
technology can only focus on one of the factors. APC
model is widely used in research about incidence and
mortality of cancer [11–13], but it is rarely applied in
studies on chronic infectious diseases such as hepatitis
B, tuberculosis and AIDS. The application of APC model
in the study of chronic infectious diseases in China will
be of great significance for disease prevention and moni-
toring. Therefore, for the study of AIDS incidence, the
APC model can better simulate the patterns and rela-
tionships, and explore the impact of age effect, period ef-
fect and birth cohort effect. As far as we know, we are
the first to apply the APC model to the study of AIDS
incidence.
Zhejiang is an economically developed province along

the southeast coast of China. By the end of October
2018, there had been 26,575 HIV/AIDS patients living in
Zhejiang province. Sexual contact is the main route of
HIV infection for these people, among whom 38.4% are
infected through homosexual transmission, the major
epidemic pattern of AIDS in China at present. There-
fore, we chose Zhejiang and used the APC model to
analyze the temporal trend of AIDS incidence in Zhe-
jiang. Specifically, we assessed the age-period-cohort ef-
fect on AIDS incidence between 2004 and 2018 based
on the whole population (including the local population
and immigrant population) in Zhejiang, and studied the
heterogeneity of AIDS incidence. In addition, we ex-
plored the characteristics of three transmission routes
(homosexual, heterosexual transmission, injecting drug
users and others) in these population groups.

Methods
Data source
The case data of this study were from the national Com-
prehensive AIDS Prevention and Control Information
System - Antiviral Treatment Management database.
We reviewed and downloaded the data of HIV/AIDS
cases (including sex, date of birth, confirmed date, route
of infection, current address, household registration and
other information) reported in Zhejiang province from
2004 to 2018. Baseline population data included two
data sources: age composition of the permanent resi-
dents in Zhejiang province (i.e., 0, 1, 2... 8, 9, 10 to 14,
15 to 19..., 80–84 years old, 85–100 years old) between
2004 and 2018 from the Chinese disease prevention and

Lu et al. BMC Public Health         (2021) 21:1077 Page 2 of 15



control information system; the annual local population
data between 2004 and 2017 from the Zhejiang Statis-
tical Yearbook. In this study, the migrant population re-
fers to the people who flow into the city from other
places, work and live in the city, but do not have the reg-
istered permanent residence of the city. The whole
population is composed of local born population and
migrant population. Therefore, the migrant population
was calculated by subtracting the local population from
the whole population (Additional file 1: Appendix A1).
Due to the lack of data from the Zhejiang Statistical
Yearbook (2018), we were unable to obtain the annual
local population data in 2018. Therefore, the AIDS case
data of 2018 were excluded from the further analysis on
local and immigrant populations.

Statistical analysis
Incidence and mortality reflect the prevalence and death
risk of the target population, as well as the health risk
throughout their life [14, 15]. The incidence and mortal-
ity could not be estimated using the commonly-used
statistical methods, so we used APC model based on
Poisson distribution to explore the incidence or mortal-
ity of cancer and chronic disease, to explore the impact
of age, period, and cohort on the incidence and mortality
of the disease.
In order to facilitate the subsequent analysis and re-

search, we processed the data of AIDS cases in the
whole, local and immigrant populations as follows: (1)
For AIDS cases in the whole and local populations, the
first 15 age groups (groups aging 0–14 years) were clus-
tered because the overall number of cases under 15 years
of age was less than 0.1%. Since the overall number of
AIDS cases over the age of 70 was less than 3%, we
grouped the last 30 age groups (groups aging 71–100
years) together. We combined the whole population data
(2004–2018) and local population data (2004–2017) with
above two AIDS age groups respectively and divided
them into 55 age groups. (2) For the AIDS cases in the
immigrant population, since the number of AIDS cases
between 0 and 15 years old was less than 0.1%, the first
15 age groups (group aging 0–14 years) were clustered
as the group under 15 years old; since the number of
AIDS cases over 50 years of age was less than 3%, the
last 50 age groups (group aging 51–100 years) were clus-
tered as one group. We combined data of immigrant
population with immigrant AIDS cases from 2008 to
2017, and classified them into 35 age groups.
According to Willekens (1993) [16], logistic regression

was used to fit APC model: μxtk = e ⋅ ax ⋅ bt ⋅ ck, where
μxtk was a component of system, referring to influences
of the X age group, the t cycle, and the k cohort (set{x,
t, k}). ax was the parameter of age xth, bt was the par-
ameter of period tth, ck was the parameter of cohort kth.

Adding natural logarithms on both sides of the equation,
we got a logarithmic linear regression function: yxtk =
Inμxtk = Ine + Inax + Inbt + Inck. After converting, we got:
yxtk = β1xxtk1 + β2xxtk2 + β3xxtk3 + β4xxtk4, among which
xxtkj was a pseudo-variable, if jth beta parameter was re-
lated to the age-period-queue category, and xxtkj was

equal to 1. We improved the function yxtk ¼ Inμxtk ¼
PN

j¼1

β jxxtk; j , where μxtk was the system composition, referring to

the age group X, the period t, and the influence of the cohort
k(set{x, t, k}), βj was the effect of N unknown parameters
(currently three), xxtkj, j was the pseudo variable of set {x, t,
k} and j.
The prediction of the APC model requires the ex-

trapolation of estimated parameters, which must be
done without introducing identification problems [17,
18]. For different submodels, there are many different
extrapolation possibilities, and the result of extrapolation
is point predictions, on which distribution predictions
should be built [19]. Therefore, we made linear predic-
tions for all models, with distributed predictions pro-
vided by the Poisson response model and the over-
scattered Poisson response model.
We analyzed the AIDS patients in single age groups

using APC model based on Poisson distribution. Then
APC analysis was performed for the annual incidence of
AIDS transmitted through homosexual, heterosexual,
and other routes (such as blood transfusion and intra-
venous drug abuse) in single age groups. In terms of
minimizing bias and Akaike (AIC) information criteria
[20, 21], the best model was selected. We bootstraped
the sample data in the whole data set 100 times, fitted
each sample with APC model to check the sensitivity
and fitting performance of the final APC model, and
drew a probability plot (Additional file 1: Appendix A2-
A3). In general, all the models achieved good fitting.
The APC model was supposed to estimate the sec-

ond order difference due to the existence of linear
correlation among age, period, and cohort [22].
Logarithmic likelihood ratio tests were performed on
the full and nested models of age-period, age-cohort,
and period-cohort to test the statistical significance
of age, period, and cohort effects. The t test was
used to evaluate the difference of age effect among
three groups. The smoothing spline was used to fit
the future population based on sex [23] and AIDS
cases transmitted through various routes. The inci-
dence of AIDS in the next 5 years was estimated by
applying the vector autoregression (VAR) [24] to the
APC model.
All analyses, data visualization, and models were pro-

grammed in R (version 3.6.0). R package “apc” was used
to fit the apc model and predict future trends [25].
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Results
Descriptive analysis on AIDS incidence
Table 1 summarized the data on the incidence of
AIDS transmitted through different routes in local
and immigrant populations. Over these 15 years, a
total of 27,308 AIDS cases were confirmed. Among
them, there were 22,467 male cases and 4841 female
cases. For the population groups, there were 18,287

cases in local population and 9023 in immigrant
population. There were 15,050 cases of heterosexual
transmission, 11,057 cases of homosexual transmis-
sion, and 1201cases of other transmission routes. In
males, the number of heterosexually transmitted cases
ranked the highest in the local population, while for
immigrant, homosexual transmitted cases ranked the
highest. The overall AIDS incidence was higher in

Table 1 AIDS cases transmitted via various routes in local and immigrant populations

Variables
Groups

Heterosexual transmission Homosexual transmission Others

(N = 15,050) (N = 11,057) (N = 1201)

no. %(95%CI) no. %(95%CI) no. %(95%CI)

Sex

Local Male 7927 52.67 (51.87–53.47) 6795 61.45 (60.54–62.36) 584 48.63 (45.76–51.49)

Female 2812 18.68 (18.06–19.32) 5 0.05 (0.01–0.11) 162 13.49 (11.61–15.56)

Immigrant Male 2582 17.16 (16.56–17.77) 4252 38.46 (37.55–39.37) 327 27.23 (24.73–29.84)

Female 1729 11.49 (10.98–12.01) 5 0.05 (0.01–0.11) 128 10.66 (8.97–12.54)

Age groups

Local 0–20 202 1.34 (1.16–1.54) 552 4.99 (4.59–5.41) 30 2.50 (1.69–3.55)

21–35 2643 17.56 (16.96–18.18) 3853 34.85 (33.96–35.74) 245 20.40 (18.15–22.79)

36–50 3346 22.23 (21.57–22.91) 1681 15.20 (14.54–15.89) 253 21.07 (18.79–23.48)

Over50 4548 30.22 (29.49–30.96) 714 6.46 (6.01–6.93) 218 18.15 (16.01–20.45)

Immigrant 0–20 195 1.30 (1.12–1.49) 251 2.27 (2.00–2.57) 23 1.92 (1.22–2.86)

21–35 2190 14.55 (13.99–15.13) 2796 25.29 (24.48–26.11) 242 20.15 (17.91–22.53)

36–50 1532 10.18 (9.70–10.67) 1094 9.89 (9.34–10.47) 163 13.57 (11.68–15.64)

Over50 394 2.62 (2.37–2.89) 116 1.05 (0.87–1.26) 27 2.25 (1.49–3.25)

Marital status

Local Unmarried 1768 11.75 (11.24–12.27) 4243 38.37 (37.47–39.29) 186 15.49 (13.49–17.66)

Married/Cohabiting 6888 45.77 (44.97–46.57) 1739 15.73 (15.05–16.42) 430 35.80 (33.09–38.59)

Divorced/Separated 1608 10.68 (10.20–11.19) 768 6.95 (6.48–7.44) 94 7.83 (6.37–9.49)

Widowed 460 3.06 (2.79–3.34) 39 0.35 (0.25–0.48) 21 1.75 (1.09–2.66)

Unknown 18 0.12 (0.07–0.19) 11 0.10 (0.05–0.18) 15 1.25 (0.70–2.05)

Immigrant Unmarried 1152 7.65 (7.23–8.09) 2713 24.54 (23.74–25.35) 147 12.24 (10.44–14.23)

Married/Cohabiting 2390 15.88 (15.30–16.47) 987 8.93 (8.40–9.47) 236 19.65 (17.44–22.01)

Divorced/Separated 648 4.31 (3.99–4.64) 542 4.90 (4.51–5.32) 53 4.41 (3.32–5.73)

Widowed 110 0.73 (0.60–0.88) 11 0.10 (0.05–0.18) 10 0.83 (0.40–1.53)

Unknown 11 0.07 (0.04–0.13) 4 0.04 (0.01–0.09) 9 0.75 (0.34–1.42)

Clinical stage

Local Clinical phase I 6347 42.17 (41.38–42.97) 4187 37.87 (36.96–38.78) 512 42.63 (39.81–45.48)

Clinical phase II 1964 13.05 (12.52–13.60) 1534 13.87 (13.23–14.53) 101 8.41 (6.90–10.12)

Clinical phase III 1492 9.91 (9.44–10.40) 699 6.32 (5.88–6.79) 87 7.24 (5.84–8.86)

Clinical phase IV 936 6.22 (5.84–6.62) 380 3.43 (3.10–3.79) 46 3.83 (2.82–5.08)

Immigrant Clinical phase I 2861 19.01 (18.39–19.65) 2560 23.15 (22.37–23.95) 312 25.98 (23.52–28.56)

Clinical phase II 899 5.97 (5.60–6.36) 1185 10.72 (10.15–11.31) 94 7.83 (6.37–9.49)

Clinical phase III 352 2.34 (2.10–2.59) 345 3.12 (2.80–3.46) 35 2.91 (2.04–4.03)

Clinical phase IV 199 1.32 (1.15–1.52) 167 1.51 (1.29–1.76) 14 1.17 (0.64–1.95)
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males than in females. In local population, AIDS
cases over 50 years old with heterosexual transmission
accounted for the highest proportion, while the cases
of homosexual transmission were mostly between 21
and 35 years old. In immigrant population, AIDS
cases were mainly aged 21–35 years old. In both local
and immigrant populations, the number of married/
cohabiting patients transmitted through heterosexual-
ity ranked the highest, while in unmarried patients,
homosexual transmission was the highest. Most AIDS
patients were at clinical stage I, and the number of
cases was gradually reduced with the development of
clinical stage.
In Fig. 1, we depicted the age density of AIDS inci-

dence based on different sexes, as well as age density
of AIDS incidence based on different transmission
routes in the whole, local and immigrant populations.
The characteristics of AIDS incidence were as follows.
First, significant differences in age density were found
between males and females, and the density of AIDS
incidence in males of 20–35 years old was higher than

in females of the same age. Females of 45–65 years
old had large-scale infection, and the age density of
AIDS incidence in females was higher than in males.
In immigrant population, the age density of AIDS in-
cidence in males and females was similar, and the
large-scale infection all occurred to those between 20
and 35 years old. The age density of AIDS cases via
homosexual transmission showed cluster phenomenon
and peaked between 20 and 35 years old. AIDS cases
via heterosexual transmission and other routes (blood
transfusion, intravenous drug abuse) showed large-
scale infection between 20 and 45 years old.
Figure 2 elucidated the age distribution of AIDS cases

with various marital status in Zhejiang, China. The
number of AIDS patients was the highest in the unmar-
ried, and married or cohabiting groups, followed by di-
vorced or separated groups. The unmarried AIDS cases
were mostly between 15 and 35 years old, the married
or cohabiting AIDS cases were mostly between 25 and
70 years old, and divorced or separated AIDS cases
were mostly between 30 and 55 years old.

Fig. 1 The AIDS age density in males and females, and age density of AIDS via different transmission routes in the whole population (including a.
local population and b. immigrant population). In the diagrams above, blue, and red represent the age density of males and females, respectively. In
the diagrams below, red, blue, and green represent the age density of AIDS via homosexual, heterosexual, and other transmission routes, respectively
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APC analysis on incidence of AIDS in different
populations
Figures 3 and 4 showed the effect of age, period, and cohort
on the estimation of AIDS incidence and the predicted trend
in different populations. Due to the gender difference in the
age density of AIDS onset, we selected suitable APC model
for men and women in different populations by minimizing
bias and Akaike information criterion (AIC) (See Additional
file 1: Appendix A4: tables 2–7).

Age effect
In the whole population, as well as the local and immi-
grant populations, the AIDS incidence in males peaked
between 20 and 35 years old. In all population and the
local population, the AIDS incidence in males showed a
relatively stable trend after 35 years old and peaked

between 60 and 70 years old again. In immigrant popula-
tion, the incidence of AIDS in males aged over 35 de-
creased sharply. For females, the age effect on AIDS
incidence was relatively lower than in males. In whole
and local females, AIDS incidence showed a slowly in-
creasing trend between 20 and 35 years old; it remained
stable after 35 years old and gradually decreased over 65
years old. In immigrant females, the incidence of AIDS
peaked between 20 and 35 years old, and then decreased
slowly. Based on the above results, the effect of age on
AIDS incidence could be divided into two stages: over
35 years old and below 35 years old.

Period effect
Influenced by period, the AIDS incidence in males was
higher, and increased at a faster speed than females. In

Fig. 2 Age distribution of AIDS cases with different marital status in Zhejiang, China
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the whole and local populations, the incidence in males
rose sharply after 2005, reaching to 6–8 cases per 100,
000 population during the study period. The incidence
in females rose slowly from 2005 to 2018 (remaining at
around 1–2 cases per 100,000 population). Among the
immigrant population, the AIDS incidence of males rose
sharply from 2008 to 2010, then leveled off between
2010 and 2012 (7–8 cases per 100,000 population), and
rose sharply between 2012 and 2017 (16–17 cases per

100,000 population). The AIDS incidence in females lev-
eled off throughout the study period, maintaining at 3–5
cases per 100,000 population.

Cohort effect
The cohort effect showed a similar pattern for the whole
and local populations, with the incidence of AIDS peak-
ing in males born in 1950, 1965 and 1985–1990, and
falling sharply in those born after 1990. The cohort

Fig. 3 The effect of age (left), period ((middle), and cohort (right) on the estimation of AIDS incidence in all populations (a: local population, b:
immigrant population)
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Fig. 4 Trends of AIDS incidence and projected trends over the next 5 years in the whole population of Zhejiang, China (a. local population, b
immigrant population)
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effect exerted little influence on the incidence of AIDS
among females. There was a small peak in AIDS inci-
dence among the females born between 1985 and 1990
in the whole population, and the incidence declined
slowly thereafter. In local population, the incidence of
AIDS peaked in females born around 1950. The inci-
dence of AIDS among immigrant population was signifi-
cantly affected by the cohort effect, reaching a peak in
both males and females born between 1985 and 1990,
and declining sharply thereafter.

Prediction of AIDS incidence in different age groups in
the whole, local and immigrant populations
The AIDS incidence showed an upward trend from 2004
to 2008 in males over 35 years old, below 35 years old
and of all age groups, and in females over 35 years old
and of all age groups; it was also estimated that a sharply
increasing trend would occur in the 5 years to come,
and the final incidence in people over 35 years old would
be higher than those below 35 (Fig. 4). In the whole
population, the AIDS incidence of females under 35
years old showed no obvious changes between 2004 and
2018, however, it was predicted to increase in the future.
In the local population, the incidence among females
under 35 years old remained stable (1 case per 10,000
population). In the immigrant population, the incidence
of both males and females below the age of 35, over 35
and of all age groups showed a significant upward trend
during the study period (2008–2017). The incidence of
both males and females below 35 was higher than those
over 35, and this trend was expected to continue in the
next 5 years.

APC analysis on the incidence of AIDS via various
transmission routes in different populations
Figures 5 and 6 showed the estimated impact of age,
period, and birth cohort of the whole population, includ-
ing the local and immigrant populations in Zhejiang, on
the incidence of AIDS through different transmission
routes, and the projected trends. Considering that the
age density of AIDS patients with different transmission
routes varied (Fig. 1), APC models were also established
for each transmission routes. Results of APC analysis of
AIDS cases through various transmitted routes in differ-
ent population groups has been shown in Additional file
1: Appendix A5 ( tables 8–6).

Age effect
In both the whole and the local populations, the inci-
dence of AIDS through homosexual transmission peaked
significantly between 20 and 35 years old, and declined
sharply after 35 years of age. The annual age-specific in-
cidence of AIDS via homosexual transmission rose
sharply before the age of 30, followed by fluctuations,

but the overall trend leveled off. The incidence of AIDS
via homosexual transmission was significantly higher
than that of heterosexual before 31 years of age, while
after 31 years of age, the incidence of AIDS via hetero-
sexual transmission was significantly higher than that of
homosexual. Among the immigrant population, a similar
pattern of age-related effects was observed in both
homosexual and heterosexual AIDS patients, with an-
nual age-specific incidence peaking between 25 and 30
years of age, then falling sharply. The incidence of
homosexual transmission was higher than heterosexual
transmission before 35 years old and higher than that of
homosexual transmission after 35. The age effect had lit-
tle impact on the incidence of AIDS transmitted via
other routes in the whole, local, or immigrant
populations.

Period effect
Under the influence of the period effect, the incidence of
homosexual transmission in the whole and the local
populations increased till 2015 and then remained stable
(about 2 cases per 100,000 people). Throughout the
whole study period, the incidence of AIDS via heterosex-
ual transmission rose sharply to about 2–3 per 100,000
people, and remained higher than that via homosexual
transmission. In general, the incidence of HIV/AIDS
through homosexual and heterosexual transmission in
the immigrant population was on the rise. From 2012 to
2016, the incidence of HIV/AIDS transmitted homo-
sexually and heterosexually had increased rapidly, from
2 to 5–6 cases per 100,000 people. Before 2012–2013,
the incidence of AIDS via transsexual transmission was
higher than that via heterosexual transmission, and then
turned lower after 2013. The period effect had little ef-
fect on the incidence of AIDS transmitted by other
routes in the total, local and immigrant populations.

Cohort effect
In the whole and local populations, the incidence of
AIDS via homosexual transmission peaked among those
born in 1990. Significantly affected by the cohort effect,
the incidence of AIDS via heterosexual transmission rose
sharply among those born between 1940 and 1950, then
fluctuated until a sharp decline among those born
around 1985. In patients born before 1985, the incidence
of AIDS via heterosexual transmission was significantly
higher than that via homosexual transmission. And for
those born after 1985, the incidence of AIDS via hetero-
sexual transmission was significantly lower than that via
homosexual transmission. In the immigrant population,
the cohort effect exerted a significant impact on the inci-
dence of AIDS via transsexual and heterosexual trans-
mission among those born between 1985 and 1990. The
cohort effect had little impact on the incidence of AIDS
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transmitted by other routes, whether in the total, local,
or immigrant populations.

Prediction of AIDS in various age groups among different
populations in future 5 years
Figure 6 showed the incidence trends of AIDS via different
transmission routes among the whole, local and immigrant
populations, and the predicted trends over the next 5 years.

Overall, the prevalence of AIDS, whether transmitted by
homosexual, heterosexual, or other routes, would be increas-
ing over the next 5 years in all three age groups. The charac-
teristics of the estimated incidence were as follows: (1) The
incidence of AIDS via homosexual transmission in those
below 35 years of age was nearly twice as high as in those
over 35 in the whole, local and immigrant populations; (2)
The incidence of AIDS via heterosexual transmission in

Fig. 5 Estimated impact of age (left column), period (middle column) and birth cohort (right column) on AIDS incidence via different transmission
routes in the whole population (including a. local population and b. immigrant population) of Zhejiang Province, China
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those over 35 was significantly higher than those below 35 in
the whole and immigrant populations; (3) For other modes
of transmission, the incidence of AIDS in cases over 35 years
old was higher than those below 35 years old in the whole
and local populations. In the immigrant population, the
AIDS incidence of people over 35 was lower than those
below 35.

Discussion
APC model, which is usually used for chronic diseases
[26–28], can be applied to infectious diseases such as
hepatitis B, tuberculosis, and AIDS [29, 30], as these are
all long-term infections. Therefore, we used APC model
to analyze the characteristics of HIV/AIDS incidence in
both males and females in the whole, local and

Fig. 6 Trends in AIDS incidence via different transmission routes in Zhejiang Province, China (including a. local and b. immigrant populations),
and projected trends over the next 5 years
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immigrant populations in Zhejiang, and further explored
the incidence trend among HIV/AIDS patients infected
by different transmission routes.
Age is an important influencing factor of AIDS. Our

results showed that the incidence of AIDS was signifi-
cantly affected by age in both males and females be-
tween 20 and 35 years old in the whole, local and
immigrant populations, suggesting a higher AIDS risk
among young people. This might be attributed to unpro-
tected sex and multiple sexual partners [31]. A large part
of people in this age group were college students, and
many of them were immigrants. According to data from
The Chinese Center for Disease Control and Prevention
(CDC), in the past few years, the number of college stu-
dents newly diagnosed with AIDS increased by 30 to
50% annually [32]. Our study also elucidated that people
with sexually transmitted infections (especially homosex-
ual transmission) tended to be younger [33]. Homosex-
ual transmission has become a major way of AIDS
infection among college students. Unfortunately, many
homosexual male students know nothing about AIDS
until they are tested positive for HIV infection [34].
Therefore, it is urgent to promote health education
about sex and raise the awareness of AIDS prevention
among college students. The second peak of HIV/AIDS
in the whole and local populations appeared at the age
of 60–70, which can be attributed to the ageing popula-
tion in China [35]. The elderly are more susceptible to
diseases and injuries [36, 37]. Some studies have shown
that [38] the proportion of elderly people suffering from
AIDS is much higher than before. The impact of the age
effect on young immigrants of 20–35 years old can also
be explained by the fact that immigrants are mostly en-
gaged in physically demanding jobs and poor housing
conditions, which limit their access to health care and
health information, and thus increase their risk of HIV
infection [39].
The policy of reform and opening-up of China has

promoted population mobility, and this also has an im-
pact on the HIV epidemic in a variety of interrelated
ways [40]. In our study, there is a significant difference
in the incidence of AIDS among the whole population
and the local born population, and the immigrant popu-
lation under the influence of age effect. The male AIDS
patients in the immigrant population aged 35–50 were
significantly affected by age effect, while the male AIDS
patients in the whole population and the local born
population were not. This may be due to the increased
number of migrant workers aged 35–50 with the rapid
economic development in recent years [41]. Among the
immigrants, the age effect was significant in those be-
tween 15 and 50 years old, while in the whole population
and the local born population, people aged between 20
and 35 years old were influenced obviously. The age

effect was significant in those between 20 and 70 years
old with heterosexual transmission as well. Studies have
shown that young who have sex with men (MSM) often
use homosexual mobile apps, and therefore, compared
with older MSM, they have a broader and more dynamic
partnership network [42]. This may explain why AIDS
prevalence is increasing among 20- to 35-year-old MSM.
The period effect showed that the incidence of HIV/

AIDS in males was consistently higher than that in fe-
males during the study period, and the rate of increase
in males was significantly higher than that in females,
which conforms to the results of other studies [43, 44].
The incidence among immigrant males was the highest,
rising sharply from 2008 to 2010, then leveling off from
2010 to 2012 (7–8 per 100,000 population) and rising
sharply again from 2012 to 2017 (16–17 per 100,000
population). The number of HIV/AIDS cases via homo-
sexual and heterosexual transmission in the immigrant
population continued to rise from 2008. This can be ex-
plained as follows: On one hand, due to social discrimin-
ation, a considerable proportion of MSM leave their
registered area to work and live in other areas, thus hav-
ing a high mobility [45]. The mobility of HIV-infected
MSM often leads to an increase of epidemic in the des-
tination area and even second-generation transmission.
Qin et al. [46] showed that from 2008 to 2015, the num-
ber of migrant HIV infection cases of by male and male
sex behavior in China increased, and the proportion of
migrant, young, unmarried patients with a high educa-
tion level and household registration (hukou) in rural
areas was relatively high. On the other hand, heterosex-
ual transmission is still a major transmission route of
AIDS epidemic in Zhejiang Province. In addition, mi-
grant workers form a high-risk group of HIV infection.
Immigrants from rural to urban areas are at a high risk
of HIV infection [47], but they lack the knowledge about
HIV. Yang et al. [48] showed that about 40% immigrants
did not know that the use of condoms can reduce the
risk of HIV infection. Due to the current hukou system
in China, it is difficult for immigrants to obtain hukou in
the destination city, especially in economically developed
regions like Zhejiang. And in the destination cities,
health services for immigrants remain underutilized and
unevenly distributed. The frequently changing govern-
ment regulations on health services and prevention plan-
ning for migrant population have increased uncertainty
in policy implementation and exposed migrant popula-
tions to the risk of HIV transmission [49]. A survey
using national demographic data has showed that areas
with a higher HIV prevalence have higher rates of HIV-
related education among migration population; com-
pared with the central and western regions in China, in
the eastern coastal areas with more medical and finan-
cial resources, the proportion of migrant population who
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have received HIV education is relatively low [50].
Hence, health care resources need to be allocated to
areas with large migrant populations so as to provide
better health care for migrant workers.
Cohort effects reflect changes in early life environ-

ments and assume that people in the same birth cohort
have equal exposure to the risk factors of a disease. Ex-
posure to adverse environmental factors early in life may
exert adverse effects on later life [51]. In the entire study
cohort, the incidence of AIDS peaked in males born
around 1990 and declined sharply in males born after
1990, while the incidence of AIDS in females was less af-
fected by the cohort effect in the whole population as
well as the local and immigrant populations. Further-
more, the incidence of HIV transmitted by homosexual
and heterosexual sex was significantly influenced by co-
hort effects between 1985 and 1990, which is speculated
to be related to a major epidemic among commercial
plasma donors in the central and eastern provinces
around 1990 [2], but further research is needed.
The age density diagrams of HIV/AIDS onset and

transmission routes in both sexes (Fig. 1) showed wide-
spread HIV infections in males and females between the
ages of 20 and 35; the same was found in the immigrant
population. Homosexual transmission of HIV/AIDS
cases surged in those between 20 and 35 years old. AIDS
cases by heterosexual transmission, blood transfusion,
intravenous drug use, and other ways of transmission
concentrated in population between 20 and 45 years old.
As shown in Fig. 2, there was a relatively large number
of unmarried AIDS patients aged 20–30. Therefore,
more attention should be paid to the HIV infection of
unmarried population of this age group and appropriate
AIDS control programs need to be developed.
Our predictive results showed that in the whole and

local populations, the AIDS incidence in males and fe-
males of all age groups would rise sharply in the next 5
years; in 2023, the AIDS incidence among the popula-
tion over 35 years old would be significantly higher than
those under 35 years old. The incidence in women under
35 years of age in the whole population was expected to
increase slightly in the future. The trend remained the
same for women under 35 years of age in the local popu-
lation. Among the immigrant population, both males
and females under 35 and over 35, as well as all age
groups, were expected to have a significantly increased
incidence in the next 5 years. The prevalence of HIV in
all three groups of transmission routes would rise in the
next 5 years. We therefore recommend that public
health authorities in Zhejiang focus on the control of
AIDS epidemic in the above-mentioned populations.
Our findings also indicate the sex differences in AIDS
incidence and suggest measures be devised specifically
for males and females to control AIDS.

In this study, we analyzed the prevalence of HIV/AIDS
in the local and immigrant populations of Zhejiang, a
representative of economically developed regions, and
further explored the characteristics of HIV/AIDS
through different transmission routes. The main limita-
tion of our study is the rough statistics of age distribu-
tion in the study populations, which may incur small
noises and errors to the estimation. Therefore, more de-
tailed statistics and census are needed to improve the ac-
curacy of estimation and prediction.

Conclusions
Our results suggest that HIV/AIDS exerts a significant
impact on young people in different population groups,
especially college students, and its incidence will con-
tinue to increase in the future. Due to unprotected sex,
multiple sex partners, and lack of sex and AIDS preven-
tion education, the burden of AIDS may still increase in
Zhejiang in the next few years. The results of the study
also indicate the sex difference in the incidence of AIDS,
so measures to control AIDS incidence should be pro-
posed specifically for males and females. It is hoped that
public health departments in Zhejiang could focus on
these issues so as to better control the AIDS epidemic.
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