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Abstract

Background: Inrecent years, the number and proportion of newly reported HIV/AIDS cases among ol der adults have increased
dramatically. However, research on the pattern of temporal and spatial changesin newly reported HIV/AIDS among ol der adults
remains limited.

Objective: Thisstudy analyzed the spatial and temporal distribution of HIV/AIDS cases and its influencing factors among ol der
adults in Eastern China from 2004 to 2021, with the goal of improving HIV/AIDS prevention and intervention.

Methods: We extracted data on newly reported HIV/AIDS cases between 2004 and 2021 from a case-reporting system and
used a Joinpoint regression model and an age-period-cohort model to analyze the temporal trends in HIV/AIDS prevalence.
Spatial autocorrelation and geographically weighted regression models were used for spatial aggregation and influence factor
analysis.

Results: A total of 12,376 participants with HIV/AIDS were included in the study. The newly reported HIV infections among
older adultsincreased from 0.13 cases per 100,000 people in 2004 to 7.00 cases per 100,000 people in 2021. The average annual
percent change in newly reported HIV infections was 28.0% (95% Cl —21.6% to 34.8%). The results of the age-period-cohort
model showed that age, period, and cohort factors affected the newly reported HIV infections among older adults. The newly
reported HIV/AIDS cases among men who have sex with men (MSM) had spatial clustering, and the hotspots were mainly
concentrated in Hangzhou. The disposable income of urban residents, illiteracy rate anong people aged 15 years or older, and
number of hospital beds per 1000 residents showed a positive association with the newly reported HIV infections among older
MSM in the Zhejiang province.

Conclusions: HIV/AIDS among older adults showed an increasing trend and was influenced by age, period, and cohort effects.
Older MSM with HIV/AIDS showed regional clustering and was associated with factors such as the disposable income of urban
residents, the illiteracy rate among people aged 15 years or older, and the number of hospital beds per 1000 people. Targeted
prevention and control measures are needed to reduce HIV infection among those at higher risk.
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Introduction

The first case of AIDS from HIV was reported in 1981 [1].
Sincethen, over 84 million individuals have been infected with
HIV with over 40 million reported deaths attributed to
AlIDS-related illnesses. According to the Joint United Nations
Programme on HIV/AIDS, approximately 38.4 million
individualsareliving with HIV, with 1.5 million new infections
in 2021 [2]. In China, the absolute number of new HIV
diagnoses has increased annually since 2005, reaching nearly
131,671 in 2020. By the end of 2020, a total of approximately
1,053,000 cases had been reported in China[3].

Initially, the epidemic wasthought to affect primarily individuals
aged between 15 and 49 years; however, evidence suggests that
the burden of HIV/AIDS is considerable among those aged 50
years or older [4]. Epidemiological studiesin China have also
reported an increasing trend in the number and proportion of
HIV infections among older adults[5]. A study from the Henan
Province reported that the proportion of newly reported cases
aged 50 years or older increased gradually from 4.5% between
1995 and 2000 to 35.5% between 2016 and 2020 through sexual
transmission [6]. In China, the sexual needs of older adults are
often neglected by their partners and society, often leading to
high-risk sexual behavior. Unprotected sexual contact is very
common among older people, which in turn increases the risk
of HIV infection [4].

The generation, transmission, and distribution of HIV/AIDS
are closely associated with geospatial information.
Spatiotemporal analysis is commonly used in HIV/AIDS
research to assess|ong-term trends and geographic distribution
patterns [7-9]. The Joinpoint regression model can estimate
long-term trendsin reported HIV/AIDS incidence or infections,
whereas the age-period-cohort model can estimate the effects
of age, period, and cohort on HIV/AIDS annual reported
incidence or infections [7]. Spatial analysis provides insights
into the spatial distribution of the HIV/AIDS epidemic and risk
factors associated with the geographically weighted regression
(GWR) model [8]. For example, using AIDS intensity ranking
maps and spatial cluster analysis, Wang et a [9] found that
AlIDSincidence hotspotsin Chinain 2008 and 2011 were mainly
distributed in Yunnan, Guangxi, Guizhou, Chongging, and
Sichuan.

In terms of factors influencing the AIDS epidemic, economic
development is strongly positively associated with the AIDS
epidemic in China; the GWR results further indicate that the
impact of health care and education onthe AIDS epidemic varies
across regions [9]. However, the long-term trends and spatial
distribution of HIV/AIDS prevalence among older adults in
Eastern China have not been adequately assessed. The design
and evaluation of national HIVV/AIDS planning often rely on
comprehensive national data, which can mask local HIV/AIDS
epidemics [10]. To better control the HIV/AIDS epidemic, a
more comprehensive and detailed analysisof HIV/AIDS among
older adultsin Eastern Chinais needed.

Therefore, this study assessed the changing trend and spatial
distribution of newly reported HIV infections among older
adultsin Eastern Chinaand aimed to clarify the temporal trends,
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hotspot areas, and influencing factors of the HIV/AIDS
epidemic. Our findings provide novel insights into the
developmental trend of the HIV/AIDS epidemic among older
adultsin Eastern China, help optimize resource allocation, and
facilitate HIV/AIDS prevention and treatment strategies.

Methods

Ethical Consider ations

This study was approved by the ethics review committee of the
Center for Disease Control and Prevention of Zhejiang Province
(2018-032). All of the surveillance work was completed by the
local Centers for Disease Control and Prevention (CDCs). We
extracted data from the Zhejiang Province database of the
Nationa Data Information System for Comprehensive
HIV/AIDS Control. We did not collect extra information or
specimens for this study. Therefore, our study is based on data
derived from daily work and was exempt from informed consent.
During data analysis, we strictly followed the reguirements of
the ethical review committee of the Zhejiang Provincial CDC
to protect the privacy of the participants, and all data used in
this study were anonymous.

Study Area

The Zhegjiang Province, located on the southern flank of the
Yangtze River Deltaa ong the southeast coast of China (latitude:
N 27° 02-31° 11' and longitudes E 118° 01-123° 10}
Multimedia Appendix 1), has aland area of 105,500 km? with
approximately 65.77 million residentsas of 2022 [11]. Currently,
Zhgjiang Province has 11 prefecture-level cities, 37 municipal
districts, 20 county-level cities, and 33 counties.

Data Sources

Since 2004, China has used a direct network reporting system
caled the China Infectious Disease Reporting Information
System. The database was established by the Chinese CDC.
Patients aged 50 years or older with newly reported HIV
infection between January 1, 2004, and December 31, 2021,
were screened from the Zhejiang Province database of the
Nationa Data Information System for Comprehensive
HIV/AIDS Control. There were no significant differences in
the data information system during the study period. In this
study, patients with HIV/AIDS were diagnosed according to
the HIV/AIDS diagnostic principles and China’'s National
HIV/AIDS Testing Technical Specificationsand Standards[12].

Data on sociodemographic characteristics, transmission routes,
and addresses were collected by local CDC staff in face-to-face
interviews using standardized forms. Vectorized county-level
geographic maps of the Zhejiang Province were derived from
the National Geographic Information Public Service Platform.
The area codes were determined by the Disease Control
Information System.

To explore thefactorsinfluencing the newly reported HIV/AIDS
cases according to geographical distribution, we collected the
following variables: disposableincome of urban residents, gross
domestic product (GDP) per county, proportion of theilliterate
population, proportion of the unmarried population, area of
residence per capita, car ownership rate, number of hospital
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beds per 1000 people, number of doctors per 1000 people,
urbanization rate, and proportion of the older population. Data
were compiled using aMicrosoft Excel (version 16.0; Microsoft
Corporation) spreadsheet. Data on these influencing factors
were obtained from the Statistical Yearbook of Zhejiang
Province due to the presence of multicollinearity between the
variables. The ordinary least squares (OLS) method was used
to exclude redundant variables (variance inflation factor >7.5)
and those that did not pass the significance test.

Statistical Analysis

Temporal Analysis

The temporal analysis used the crude rate of newly reported
HIV/AIDS for each year. The new reporting rate is calculated
by dividing the total number of incidents in the year by the
number of people in the corresponding year and multiplied by
100,000.

The annual percent change (APC) and average APC (AAPC)
of each component were estimated using a Joinpoint regression
model. Theinfection of new reports (y;) was set asthe dependent
variable, year was set as the independent variable (X;), and sex
and route of infection were set as subgroup variables [13].
Joinpoint regression analysiswas performed using JPR software
(version 4.9.1.0; Statistical Research and Applications Branch,
National Cancer Institute).

The age-period-cohort model, a popular statistical tool for
extracting information hidden in morbidities, has been used in
long-term trend studies on social change, causes of disease,
aging, demographic processes, and dynamic studies [7]. The
effects of age, period, and cohort factors on the newly reported
HIV infections were analyzed using an R language-based
network analysistool developed by the National Cancer Ingtitute
[14].

Themodel required consistent age, period, and cohort intervals;
we divided the study period into four 5-year intervals, divided
age into 7 groups, and calculated birth cohort by subtracting
the period from age. The age, period, and cohort of the center
were selected as controls [14].

Spatial Analysis

ArcGIS software (version 10.8; ESRI Inc) was used to map the
gpatial distribution of HIV/AIDS cases. The Global Moran |
Index was applied to examine the clustering of HIV/AIDS
among older adults at the county level in Zhejiang Province to
determine whether the clustering elements within the region
were statistically significant at a=.05 test level [15].
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Local spatia autocorrel ation was used to analyze the correlation
of HIV/AIDS case distribution at the county level. In the Local
Indicators of Spatial Autocorrelation (LISA) map, weidentified
4 clusters of spatial relationships for the analyzed variables.
High-high and low-low clusters are those in which the high or
low values of the study variable are surrounded by neighboring
areas above or below the mean [16].

The OLS model requires the data to be independently
distributed, and theresults are global estimates of the parameters
that do not reflect the pattern of change in the data with
geographical location. The GWR model embeds the spatial
location of the data into regression parameters and uses local
weighted least squares to estimate the parameters, which is a
local statistical model [17]. In the presence of spatial
autocorrelation, the traditional OLS model is not applicable to
dataanalysis. Inthe GWR model, the region-specific regression
coefficient is no longer the same value estimated using global
information but rather a variable coefficient that varies with

geographical location. The R?, adjusted R?, and corrected Akaike
information criterion valueswere used to comparethe OL Sand
GWR models [18]. The GWR model is structured as follows:

Yi = Bo(piv;) + Zﬁk(“ivvi))(ik + g
k

where (i, v;) is the coordinate of the geographic center of the
ith sample space unit and 3, (I, v;) isthe value of the continuous
function B, (1, v) in the space of the ith sample unit.

Result

Demographic Characteristics

Between 2004 and 2021, atotal of 12,376 new HIV/AIDS cases
among older adults were reported in Zhgjiang Province. The
number of reported casesincreased from 15 in 2004 to 1657 in
2021, and the number of reported infections increased from
0.13 per 100,000 persons in 2004 to 7.00 per 100,000 persons
in 2021. Interms of geographical distribution, HIV/AIDS cases
were reported in all counties and districts during the study
period. In 2004, atotal of 9 counties reported HIV/AIDS cases
among older adults, while 86 newly reported HIV/AIDS cases
were reported among older adults in 2021 (Figure 1). Of the
12,376 patients, 76.9% (9514/12,376) were male and 98.5%
(12,196/12,376) of cases involved transmission through sexual
contact (10,496/12,376, 84.8% heterosexual transmission, and
1700/12,376, 13.7% homosexual transmission; Table 1).
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Figure 1. Distribution patterns of reported HIV/AIDS prevalence among older adults in the Zhejiang Province (2004-2021).
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Table 1. Demographic characteristics of HIV/AIDS among older adults in Zhejiang Province (2004-2021).
Year Reported cases,n Male, n Female, n
Heterosexual Homosexual ~ Bloodtransmis-  Other routesor  Heterosexual Bloodtrans-  Other routes
transmission transmission  sion unknown transmission mission or unknown

2004 15 7 0 0 0 6 2 0

2005 11 6 0 2 0 0 2 1

2006 39 28 2 0 3 6 0 0

2007 51 31 1 4 3 11 1 0

2008 86 54 8 5 2 15 2 0

2009 164 107 15 1 5 32 1 3

2010 264 165 30 9 3 52 2 3

2011 318 196 48 2 4 62 3 3

2012 409 254 56 1 0 96 2 0

2013 561 364 85 1 3 107 0 1

2014 729 470 107 0 2 149 0 1

2015 838 538 133 1 0 166 0 0

2016 1129 710 142 3 3 270 0 1

2017 1454 965 167 2 9 307 0 4

2018 1502 932 202 2 7 357 0 2

2019 1685 1022 235 4 15 405 0 4

2020 1464 866 215 0 10 367 1 5

2021 1657 971 254 0 22 402 0 8

Overdl 12376 7686 1700 37 91 2810 16 36

Temporal Trend and Joinpoint Regression Analysis

The newly reported HIV infections in older male individuals,
which peaked in 2017 and then fluctuated downward from 2018
to 2021, were significantly higher than those in older female
individuals in Zhegjiang Province from 2004 to 2021.
Heterosexual and homosexual transmission were the
predominant routes of HIV/AIDS transmission among older
adults, with the number of heterosexua transmission cases
growing rapidly over the study period, reaching its highest

recorded level in 2019. In contrast, the number of men who
have sex with men (MSM) and who are HIV positive grew
slower over the study period (Figure 2).

The results of the Joinpoint regression model for the newly
reported HIV infections showed that the optimal results of the
model were all 2 nodes. There was a significant increase in
newly reported HIV infections among older adultsin Zhejiang
Province from 2004 to 2021 (AAPC=28.0%, 95% Cl —21.6%
to 34.8%; Table 2).

Figure 2. Trendsin the reported HIV/AIDS infections among older adults by sex and transmission.
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Table 2. Tempora trend analysis of newly reported HIV infections among older adults in Zhejiang Province (2004-2021).

Variables and segment end points (lower-upper)

Annual percent change (95% Cl)

Average annual percent change (95% CI) Trend segment

Overall
2004-2010 61.1 (37.91088.2)
2010-2017 22.0(17.2t027.1)
2017-2021 -1.3(-5.8t03.4)
Sex
Male
2004-2010 62.0 (33.5t0 96.6)
2010-2017 23.7 (18.0t0 29.8)
2017-2021 -5.8 (-10.8t0-0.5)
Female
2004-2010 51.5 (24.51t0 84.3)
2010-2018 20.1 (14.8t0 25.7)
2018-2021 16(-8.1t012.4)
Routes of transmission
Heterosexual transmission
2004-2010 60.0 (34.8t0 89.9)
2010-2017 23.0(17.7 t0 28.6)
2017-2021 —2.5(-7.3t02.5)

Homosexual transmission

2004-2010 111.3 (34.0t0 233.1)

2010-2015 25.8(12.7 t0 40.4)

2015-2021 6.4 (2.71010.2)
Other routesor unknown

2004-2010 29.9 (0.1t0 68.6)

2010-2013 —42.0 (-88.0to 179.8)

2013-2021 23.9(8.9t0 40.8)

28.0 (21.6 t0 34.8) 3
27.6 (19.8 10 36.0) 3
26.6 (18,510 35.2) 3
28.7 (20.810 35.2) 3
42.4 (23.210 64.5) 3
10.2 (-15.3t0 43.3) 3

From 2004 to 2017, the newly reported infections showed an
increasing trend (2004-2010: APC=61.1%, 95% Cl —37.9% to
88.2%; 2010-2017: APC=22.0%, 95% CI —17.2% to 27.1%).
However, there was no significant difference in the trend in
newly reported infections from 2017 to 2021 (2017-2021:
APC=1.6%, 95% CI| —8.1% to 12.4%). Similar changes were
observed in older male and female individuals, with AAPCs of
27.6% (95% Cl —19.8% to 36.0%) and 26.6% (95% CI —18.5%
to 35.2%) for older male and female individuals, respectively.
For the newly reported infections of different routes of
transmission, both heterosexual and homosexual transmission
showed an increasing trend, with AAPC rates of 28.7% (95%
Cl —20.8% to 35.2%) and 42.4% (95% Cl —23.2% to 64.5%),
respectively. However, the annual trend for the other

https://publichealth.jmir.org/2024/1/€51172

transmission routes was not significant, with an AAPC of 10.2%
(95% Cl —15.3% to 43.3%).

Age-Period-Cohort Model Analysis

Wald Chi-Square Test Results

The net drift, al-age deviations, al-period deviations, all-period
relative risk (RR), and all-cohort RR of the newly reported
infections among older adultsin Zhejiang Province from 2004
to 2021 were significant (all P<.001), indicating that changes
in the newly reported infections were affected by age, period,
and cohort factors (Table 3). As shown in Figure 3A, the net
drift of the newly reported HIV infections was 31.501% (95%
Cl —25.510% to 37.780%). There was no significant changein
local drift in the newly reported infections across age groups.

JMIR Public Health Surveill 2024 | vol. 10 | €51172 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Table 3. Age-period-cohort analysis of the newly reported HIV infections among the older adults in Zhejiang Province.

Huang et a

X2 (df) P vaue
Net drift=0 132.490 (1) <.001
All age deviations=0 26.946 (5) <.001
All period deviations=0 60.887 (2) <<.001
All cohort deviations=0 3.537 (8) .90
All period RRA=1 161.170 (3) <.001
All cohort RR=1 234.936 (9) <.001
All local drifts=net drift 3.485 (7) .84

3RR: relative risk.

Figure 3. Age-period-cohort effect of reported HIV/AIDS infections among older adults in Zhejiang Province (2004-2021). (A) Net and local drifts,

(B) Ageeffect, (C) Period effect, (D) Cohort effect. RR: relative risk.
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Figure 3B shows the newly reported HIV infections showed a
monotonic increasing trend from 0.01 per 100,000 personsin
the age group of 50-54 years to 16.71 per 100,000 personsin
the age group of =80 years, and the rate of increase was

significantly accelerated after the age of 70 years.
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Us

ng the 2007-2011 period group as a control group (RR=1),

an overall upward trend was observed in the period effect of
HIV/AIDSrisk reported by older adults, with the RR increasing
from 0.099 (95% CI —0.052 to 0.185) to 6.23 (95% Cl —4.269
t0 9.092; Figure 3C).
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Cohort Effect

Using the 1940-1944 birth cohort as a control group (RR=1),
the cohort effect on the risk of HIV/AIDS among older adults
born before 1940 in Zhgiang Province did not change
significantly. Since 1944, the birth cohort effect has increased
monotonically, with the RR increasing from 4.134 (95% ClI
—2.999 to 5.700) in the 1945-1949 birth cohort to 1064.394
(95% Cl —418.537 to 2706.892) in the 1965-1969 birth cohort
(Figure 3D).

Spatial Analysis

Global Spatial Autocorrelation

Global spatial autocorrelation anaysis of the newly reported
infections for each year of the study period was performed and
grouped according to different routes of infection (Multimedia
Appendix 2). The results showed no significant differencesin
the global geographic autocorrelation of newly reported
infections for the total population and the heterosexual

Huang et a

transmission popul ation. However, the global Moran’'s| values
for the newly reported rates of older MSM after 2012 were all
greater than 0 (P<.05), indicating significant clustering of newly
reported infections among older M SM in the Zhejiang Province.
Therefore, further spatial clustering analysesarerequiredinthis
popul ation.

Local Spatial Autocorrelation

LISA cluster distribution mapswere used toidentify HIV/AIDS
hotspots and outlier sites among older MSM in the Zhegjiang
Province (Figure 4). In 2012, the high-high cluster areas of
newly reported HIV infections among older MSM were
concentrated in the urban areas of Hangzhou, including
Shangcheng, Xiacheng, Gongshu, and Jianggan districts, and
there were no low-low cluster areas. In the following years, the
high-high cluster areas were al so concentrated in the main urban
area of Hangzhou, while the low-low cluster areas were small
and unstable, scattered in Chun’an and Jiande counties as well
as Cangnan and Taishun areas.

Figure4. Local spatia autocorrelation analysis of HIV infection among older men who have sex with men in the Zhejiang Province.
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- High-high cluster [ ] Low-high cluster I | Not significant
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Spatial Regression Analysis

In the GWR, the independent variables for the best model in
2020 include urban disposable income, the illiteracy rate of
residents aged 15 years or older, and the number of hospital
beds per 1000 people. Multimedia Appendix 3 shows that the
GWR model is better than the OLS model and has no residual
autocorrelation. Figure 5A-C shows the spatial distribution of
the independent variables, including the disposable income of
urban residents, theilliteracy rate of residents aged 15 years or
older, and the number of hospital beds per 1000 people,
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RenderX
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respectively. Figure 5D-F shows the 3 coefficients determined
using GWR regression, and Figure 5D indicates that the
disposable income of urban residents in the Zhejiang Province
is positively associated with the newly reported HIV infections
among older MSM. The newly reported HIV infections were
higher in cities with high urban disposable income in
southeastern Zhejiang Province. In Zhejiang Province, the
illiteracy rate of residents aged 15 years or older was positively
associated with newly reported HIV infectionsin the population
(Figure 5E). Figure 5F showsthe newly reported HIV infections
associated with the number of hospital beds per 1000 people;
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an increase in reported HIV infections in cities with a high  Zhejiang Province was observed.

number of hospital beds per 1000 people in northwestern

Figure 5. Spatial distribution of independent variables and regression coefficients.
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Discussion

As HIV/AIDS is initidly prevalent among individuals aged
between 15 and 49 years, there are fewer reports of HIV
infections in older adults [4]. The number and proportion of
HIV/AIDS cases among ol der adults haveincreased significantly
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in recent years due to aging and the development of the
HIV/AIDS epidemic. Yuan et a [8] found that the proportion
of older adult cases of al reported HIV/AIDS casesin Sichuan
Province, China, increased from 4.1%in 2008 to 59.2% in 2019.
In the central and western regions of China, 98.2% of older
adults were infected through heterosexual transmission [8],
while in Zhgjiang Province, 13.7% were infected through
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homosexual transmission. This suggests a dightly different
pattern of HIV/AIDS prevalence in the eastern coastal region
than in central and western China. However, few studies have
used spatial and tempora distributionsto analyze the prevalence
of HIV/AIDS among older adults in the eastern, developed
coastal areas of China. This study summarized the spatial and
temporal distribution of the pandemic and itsinfluencing factors,
providing a rationale for designing prevention programs and
allocating resources more efficiently.

Overdll, the Joinpoint regression results showed that the
proportion of newly reported HIV/AIDS cases increased
significantly from 2004 to 2021. This phenomenon could be
illustrated by several factors. First, the Chinese government
adopted a policy of expanding testing in recent years, which
has significantly improved the detection rate of the virus. This
indicates that the expanded testing policy was widely
implemented, leading to more HIV/AIDS being detected [19].
Second, at the beginning of the pandemic, HIV/AIDS mainly
affected young individuals [20]; therefore, most education
catered to that age group, while older individuals were
overlooked, which increases their risk of infection in that age
group. Third, the main route of HIV/AIDS transmission among
older adults was heterosexual transmission (10,496/12,376,
84.8%). Low-cost commercia establishmentsareamajor source
of infection in older adults [21]. Simultaneously, older male
individuals tend not to use condoms when engaging in
heterosexual contact, which also increases their risk of
HIV/AIDS transmission [4]. Finally, transportation,
communication, and sexual activity have changed over the past
decade with advances in technology and economic growth [8].
Access to transportation and communication has enhanced the
sex work industry; with economic development, the older
population has the financial means to pay for these services.
This change also poses significant challenges to traditional
HIV/AIDS prevention and control strategies [8]. Male
individuals have significantly higher rates of HIV/AIDS than
female individuals. Possible reasons for this are the lack of
physiological decline in those older than 50 years of age and
the high level of physical condition and sexual needs of older
male individuals [22]. In summary, the current prevention
services areinadequate for addressing the HIVV/AIDS epidemic
among older adults, and further research and public health
interventions are required. Along with expanding testing, sex
education for older adults should be strengthened to reduce the
incidence of high-risk sexual behavior.

Adge, period, and cohort had significant effects on newly reported
HIV infections among older adults in Zhejiang Province. Age
is an important factor influencing HIV/AIDS. Our findings
suggest that, within the same birth cohort, older age correlates
with a higher risk of reporting HIV/AIDS, which is consistent
with previous results [23]. Lu et a [24] also found that HIV
incidence among maleindividualsin Zhejiang Province peaked
between the ages of 20 and 35 years, then declined and peaked
again between the ages of 60 and 70 years. In this study,
homosexual and heterosexual sexual contact were the main
modes of HIV/AIDS transmission among ol der adults. Contrary
to the common belief that sexual activity among older adults
decreases with age, older adults still engage in sexual activity
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[25]. One study found that most older patients found sex with
an HIV-positive partner to be acceptable [26]. However,
unprotected sexual contact is common among older adults due
to lower level of education, which increases their risk of HIV
infection [4].

The period effect of newly reported HIV infections among older
adults in the Zhgjiang Province from 2004 to 2021 was
consistent with the change in the Joinpoint regression. The
monotonic upward trend in the period effect of newly reported
infections was associated with factors such as policiesto expand
testing and unsafe sex among older adults [8,19,21]. Period
effects are an important factor influencing HIV/AIDS
transmission among older adults and is linked to medical
advances and policy development. As economies and societies
advance, multidisciplinary approaches to curb growing
HIV/AIDS-related problems must be considered. For example,
the Chinese CDC launched a web-based AIDS information
system and integrated response i nformation management system
in 2006 [27]. This hasimplemented health promotion strategies
within social networks and strengthened sexual health services
and partner services.

Cohort effects included the risk of morbidity or mortality in
individuals in the same birth cohort with the same exposure to
a disease risk factor [24]. In this study, the birth cohort effect
on newly reported HIV infections among older adults in
Zhgjiang Province increased from 2004 to 2021. Cohorts born
before 1950 had fewer reported infections, whereas those born
after 1950 showed agradual increasein reported infectionswith
increasing birth year. This may be attributed to the fact that the
cohort born after 1950 is in the sexually active age group. A
previous study reported higher rates of sexua transmission
among people born later in life, which may indicate that they
are more sexually active or risky [23].

Spatial analysis revealed a geographic expansion of the newly
reported HIV infections among older adults in Zhejiang
Province. HIV-positive MSM showed a spatial correlation
during the study period. The spatial autocorrelation results
showed high clustering of HIV-positive MSM in Hangzhou
City. Factors influencing the aggregation of HIV infections
include the local HIV burden [28]. The high number of
chronically infected individuals in Hangzhou has hindered
HIV/AIDS control. Sexual transmission has become a major
mode of HIV transmission in Zhejiang Province; however,
homosexuality remains highly stigmatized and discriminated
against in China[29]. As aresult, Chinese MSM tend to hide
their identity and engage in sexua behavior in other areas. Most
MSM are concentrated in metropolitan areas, where
self-identification and sexual partners are available. Hangzhou
is the capital city of the Zhejiang Province, with a rapidly
growing economy that has attracted migrants, including M SM
[30]. Meanwhile, the provincial transmission networks found
that Hangzhou plays a central role in the cross-regiona
transmission of HIV/AIDS among MSM in Zhejiang Province
[31]. Studies have found that stigma can also lead to risky
behaviors, such as lack of testing and avoidance of treatment.
Various forms of stigma, such as substance abuse, depression,
and traumatic stress, interact to increase the vulnerability of
MSM and increase the risk of HIV infection [32]. The stigma
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associated with MSM, coming out, accepting sexual partners,
and being perceived as “older” in the gay community can lead
to risky behaviors such as avoiding sex education [33]. This
study provides clues to the epidemic clustering characteristics
of older MSM in Zhejiang Province, which will facilitate the
design and implementation of evidence-based interventions.
Eliminating stigmatization and discrimination against MSM
populations is critical to controlling epidemic aggregation and
reducing HIV infection, as stigmaand discrimination are barriers
to MSM seeking HIV/AIDS services [32].

Overdl, the GWR analysis showed that urban disposable
income, the illiteracy rate of residents aged 15 years or older,
and the number of hospital beds per 1000 people were associated
with the reported infections of HIV-positive M SM among older
adults in the Zhejiang Province. The economy is an important
factor influencing the pattern of HIV-reported infections. People
with a higher income and lower awareness of HIV/AIDS were
more likely to be HIV-positive [18], and their high disposable
income allowed them to have more sexua partnerships.
Moreover, illiteracy was positively associated with the reported
HIV infectionsamong older MSM in Zhejiang Province. Higher
educational attainment is associated with a lower risk of HIV
infection; targeted educational programs and attitude changes
among peoplelivingwith HIV/AIDS can help advance voluntary
counseling and testing [34]. This study demonstrates the need
to provide health education for older adults to further promote
sexual health in older adults. Finally, the number of hospital
beds per 1000 people was strongly associated with the reported
infectionsamong older MSM in Zhejiang Province. Health care
isan important determinant of HIV/AIDS prevention. Qin et al
[35] found asignificant positive associ ation between the number
of health care facilities and the number of reported cases of
HIV/AIDS. Detection biasisapossible cause, and better health
care resources are associated with higher detection rates;
therefore, areas with abundant health care resources generally
have more diagnosed cases. The provision of good health care
isstrongly associated with early diagnosisof HIV/AIDS, which
can help control the spread of the epidemic.
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This study has some limitations. First, since this was an
ecological study, it was difficult to determine the causal
rel ationships between the outcomes and variables. Second, the
number of newly reported cases differs from the incidence, and
the number of reported HIVV/AIDS cases among older adultsis
influenced by the testing intensity, coverage, and efficiency.
The number of HIV/AIDS tests decreased by 41% worldwide
due to inadeguate HIV/AIDS testing in health services as a
result of the COVID-19 pandemic [36]. In Zhejiang Province,
where the number of reported cases among older adults began
to declinefor thefirst timein 2019, future research must assess
the impact of the COVID-19 pandemic on HIV/AIDS testing.
Third, spatial autocorrelation isinfluenced by partition effects.
In this study, we used county districts as the spatial units of
analysis. Different spatial statistical values would have been
obtained had the analysis been conducted at the municipal or
street levels. Further studies should consider using smaller
gpatial units for analysis, which may provide more locational
information and make the results more comprehensive. Fourth,
the GWR model used indicators obtained from the local bureau
of statistics, which did not have specific indicators for older
people. However, we have attempted to use these indicators to
reflect the overall level of development in the area. Despite
theselimitations, weidentified anincreasing trend of HIV/AIDS
among older adultsin the Zhejiang Province, along with spatial
clustering in the epidemic distribution.

In summary, the overal number of newly reported HIV
infectionsamong older adultsin Zhejiang Province hasincreased
in recent years, and older adults have become a key population
inthe HIV/AIDS epidemic. The mgjority of HIV/AIDS among
older adults is transmitted through heterosexual transmission,
but cases among MSM are showing aggregation in some
counties. The combination of economic growth and low
cognition among older adults are positively correlated with
reported HIV infections, so prevention and control strategies
should be more inclined to focus on the lower literacy level of
older populations in better-off areas. Finally, areas with better
health care resources can increase detection; therefore, it is
important to comprehensively evaluate testing systems in
different regions and improve access to testing services.

We would like to thank the physicians and staff at the HIV/AIDS surveillance sites across Zhejiang Province for their dedication
to completing the countless data forms that made this work possible.

Data Availability

The data sets generated and analyzed during this study are available from the corresponding author on reasonable request.

Authors Contributions

CC and Jianmin Jiang conceived and designed the study. GH and WC analyzed the data. Y X, JY, XZ, Jun Jiang, and XP were
responsible for reagents, materials, and analytical tools. GH and WC drafted the paper. CC and Jianmin Jiang reviewed the
manuscript. All authors have read and agreed to the published version of the manuscript.

Conflictsof Interest
None declared.

https://publichealth.jmir.org/2024/1/€51172

JMIR Public Health Surveill 2024 | vol. 10 | €51172 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Huang et al

Multimedia Appendix 1

Location of the study area, Zhejiang Province, China.
[PNG File, 2060 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Spatial autocorrelation of reported HIV infections among older adultsin Zhejiang Province, 2004-2021.
[DOCX File, 21 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Results of the selected explanatory model in ordinary least squares and geographically weighted regression.
[DOCX File, 15 KB-Multimedia Appendix 3]

References

1.

10.

11.

12.

13.

14.

15.
16.

Gottlieb MS, Schroff R, Schanker HM, Weisman JD, Fan PT, Wolf RA, et al. Pneumocystis carinii pneumoniaand mucosal
candidiasisin previously healthy homosexual men: evidence of anew acquired cellular immunodeficiency. N Engl JMed.
1981;305(24):1425-1431. [doi: 10.1056/NEJM 198112103052401] [Medline: 6272109]

Globa HIV statistics. UNAIDS. 2023. URL : https.//www.unaids.org/sites/default/filesmedia_asset/UNAIDS FactSheet en.
pdf [accessed 2023-05-18]

Fan Q, Zhang J, Luo M, Feng Y, GeR, Yan Y, et a. Molecular genetics and epidemiological characteristics of HIV-1
epidemic strains in various sexual risk behaviour groups in devel oped Eastern China, 2017-2020. Emerg Microbes Infect.
2022;11(1):2326-2339. [FREE Full text] [doi: 10.1080/22221751.2022.2119167] [Medline: 36032035]

XingJ, Li YG, Tang W, Guo W, Ding Z, Ding G, et al. HIV/AIDS epidemic among ol der adultsin China during 2005-2012:
results from trend and spatial analysis. Clin Infect Dis. 2014;59(2):e53-6e0. [FREE Full text] [doi: 10.1093/cid/ciu214]
[Medline: 24700658]

Wang YY, Yang Y, Chen C, Zhang L, Ng CH, Ungvari GS, et al. Older adults a high risk of HIV infection in China: a
systematic review and meta-analysis of observational studies. PeerJ. 2020;8:e9731. [FREE Full text] [doi: 10.7717/peerj.9731]
[Medline: 33150054]

Liang Y, Xu YK, Fan PY, Zhao DY, Shi JC, Yan JZ, et a. Epidemiological characteristics of newly reported HIV-infected
cases aged 50 years and above in Henan province, 1995-2020 [Article in Chinese]. Zhonghua Liu Xing Bing Xue Za Zhi.
2022;43(12):1912-1919. [doi: 10.3760/cma.j.cn112338-20220419-00320] [Medline: 36572463]

Ma, Cui Y, Hu Q, Mubarik S, Yang D, Jiang Y, et a. Long-term changes of HIVV/AIDS incidence ratein China and the
U.S. population from 1994 to 2019: ajoin-point and age-period-cohort analysis. Front Public Health. 2021;9:652868. [FREE
Full text] [doi: 10.3389/fpubh.2021.652868] [Medline: 34869132]

Yuan FS, Liul, LiuLH, Zeng YL, Zhang LL, He F, et al. Epidemiological and spatiotemporal analyses of HIV/AIDS
prevalence among older adults in Sichuan, China between 2008 and 2019: a population-based study. Int JInfect Dis.
2021;105:769-775. [FREE Full text] [doi: 10.1016/}.ijid.2021.02.077] [Medline: 33618006]

Wang Y, Zhao C, Liu Z, Gao D. Spatiotemporal analysis of AIDS incidence and its influencing factors on the Chinese
mainland, 2005-2017. Int J Environ Res Public Health. 2021;18(3):1043. [FREE Full text] [doi: 10.3390/ijerph18031043]
[Medline: 33503938]

Gelibo T, Lulseged S, Eshetu F, Abdella S, Melaku Z, Ajiboye S, et al. EPHIA Study Group. Spatial distribution and
determinants of HIV prevalence among adults in urban Ethiopia: findings from the Ethiopia Popul ation-based HIV Impact
Assessment Survey (2017-2018). PLoS One. 2022;17(7):€0271221. [FREE Full text] [doi: 10.1371/journal.pone.0271221]
[Medline: 35819961]

Yearbook of Zhejiang statistical. Zhejiang Provincial Bureau Of Statistics. 2022. URL: http://tjj.zj.gov.cn/col/col 1525563/
index.html [accessed 2023-04-20]

Diagnostic criteriafor HIV/AIDS (WS 293-2008). National Health and Family Planning Commission of the People's
Republic of China. URL: http://www.nhc.gov.cn/wjw/s9491/200702/38809.shtml [accessed 2023-04-10]

Joinpoint help manual 4.9.1.0. Division of Cancer Control and Population Sciences National Cancer Institute. URL: https./
[surveillance.cancer.gov/joinpoint/Joinpoint_Help_4.9.1.0.pdf [accessed 2023-03-17]

Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort analysis of cancer incidence and mortality rates.
Cancer Epidemiol Biomarkers Prev. 2014;23(11):2296-2302. [FREE Full text] [doi: 10.1158/1055-9965.EPI -14-0300]
[Medline: 25146089]

Moran PAP. Notes on continuous stochastic phenomena. Biometrika. 1950;37(1-2):17-23. [Medline: 15420245]

MaKF, Zhang XT, Li DM. Progress on application of spatial epidemiology in HIV/AIDS control and prevention [Article
in Chinese]. Zhonghua Liu Xing Bing Xue Za Zhi. 2022;43(1):128-133. [doi: 10.3760/cma.j.cn112338-20210816-00645]
[Medline: 35130664]

https://publichealth.jmir.org/2024/1/e51172 JMIR Public Health Surveill 2024 | vol. 10 | €51172 | p. 12

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v10i1e51172_app1.png&filename=99721ac2f450ee238332f710bc4d7258.png
https://jmir.org/api/download?alt_name=publichealth_v10i1e51172_app1.png&filename=99721ac2f450ee238332f710bc4d7258.png
https://jmir.org/api/download?alt_name=publichealth_v10i1e51172_app2.docx&filename=6e57f6d27e3290749ad2f473d8f221e3.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e51172_app2.docx&filename=6e57f6d27e3290749ad2f473d8f221e3.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e51172_app3.docx&filename=f9b62bac5218bddb848a79094081373b.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e51172_app3.docx&filename=f9b62bac5218bddb848a79094081373b.docx
http://dx.doi.org/10.1056/NEJM198112103052401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6272109&dopt=Abstract
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://www.tandfonline.com/doi/full/10.1080/22221751.2022.2119167
http://dx.doi.org/10.1080/22221751.2022.2119167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36032035&dopt=Abstract
https://europepmc.org/abstract/MED/24700658
http://dx.doi.org/10.1093/cid/ciu214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24700658&dopt=Abstract
https://europepmc.org/abstract/MED/33150054
http://dx.doi.org/10.7717/peerj.9731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33150054&dopt=Abstract
http://dx.doi.org/10.3760/cma.j.cn112338-20220419-00320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36572463&dopt=Abstract
https://europepmc.org/abstract/MED/34869132
https://europepmc.org/abstract/MED/34869132
http://dx.doi.org/10.3389/fpubh.2021.652868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34869132&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(21)00163-6
http://dx.doi.org/10.1016/j.ijid.2021.02.077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33618006&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18031043
http://dx.doi.org/10.3390/ijerph18031043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33503938&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0271221
http://dx.doi.org/10.1371/journal.pone.0271221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35819961&dopt=Abstract
http://tjj.zj.gov.cn/col/col1525563/index.html
http://tjj.zj.gov.cn/col/col1525563/index.html
http://www.nhc.gov.cn/wjw/s9491/200702/38809.shtml
https://surveillance.cancer.gov/joinpoint/Joinpoint_Help_4.9.1.0.pdf
https://surveillance.cancer.gov/joinpoint/Joinpoint_Help_4.9.1.0.pdf
https://europepmc.org/abstract/MED/25146089
http://dx.doi.org/10.1158/1055-9965.EPI-14-0300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25146089&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15420245&dopt=Abstract
http://dx.doi.org/10.3760/cma.j.cn112338-20210816-00645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35130664&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Huang et al

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Jasim |A, Fileeh MK, Ebrahhem MA, Al-Maliki LA, Al-Mamoori SK, Al-Ansari N. Geographically weighted regression
model for physical, social, and economic factors affecting the COVID-19 pandemic spreading. Environ Sci Pollut Res Int.
2022;29(34):51507-51520. [FREE Full text] [doi: 10.1007/s11356-022-18564-w] [Medline: 35246792]

Pedroso AO, Gomes D, Sousa SML, Ferreira GRON, Ramos AMPC, Polaro SHI, et al. Temporal and spatial analysis
techniques as potential tools for combating the HIV epidemic among young Brazilian Amazonian people: an ecological
study. Trop Med Infect Dis. 2022;7(7):137. [FREE Full text] [doi: 10.3390/tropicalmed7070137] [Medline: 35878148]
Jiao K, Wei R, Li H, Chow EPF, PiqueirasE, Lewis T, et a. HIV testing frequency and associated factors among five key
populations in ten cities of China: a cross-sectional study. BMC Infect Dis. 2022;22(1):195. [FREE Full text] [doi:
10.1186/s12879-022-07189-6] [Medline: 35227217]

Brooks JT, Buchacz K, Gebo KA, Mermin J. HIV infection and older Americans: the public health perspective. Am JPublic
Health. 2012;102(8):1516-1526. [FREE Full text] [doi: 10.2105/AJPH.2012.300844] [Medline: 22698038]

Tang Z, Wu X, Li G, Shen Z, Zhang H, Lan G, et al. Aphrodisiac use associated with HIV infection in elderly male clients
of low-cost commercial sex venues in Guangxi, China: a matched case-control study. PLoS One. 2014;9(10):e109452.
[EREE Full text] [doi: 10.1371/journal.pone.0109452] [Medline: 25286369]

Ren N, Li Y, Wan Z, Wang R, Zhang W, Dzakah EE, et al. Patterns of HIV or AIDS mortality among older people from
1990to 2019 in China: age-period-cohort analysis. IMIR Public Health Surveill. 2022;8(11):e35785. [FREE Full text] [doi:
10.2196/35785] [Medline: 36394944]

Wang T, Gu Y, RanL, Tan X, Peng S. Ways of HIV transmission in China: the effect of age, period, and cohort. Front
Public Health. 2022;10:941941. [FREE Full text] [doi: 10.3389/fpubh.2022.941941] [Medline: 36159288]

Luz,J W,YinY,JnX,Wang L, Li Z, et al. Analysis on the trend of AIDS incidence in Zhgjiang, China based on the
age-period-cohort model (2004-2018). BMC Public Health. 2021;21(1):1077. [FREE Full text] [doi:
10.1186/s12889-021-11050-x] [Medline: 34090398]

Kiplagat J, Tran DN, Barber T, Njuguna B, Vedanthan R, Triant VA, et al. How health systems can adapt to a population
ageing with HIV and comorbid disease. Lancet HIV. 2022;9(4):€281-e292. [doi: 10.1016/S2352-3018(22)00009-1] [Medline:
35218734]

Srithanaviboonchai K, Sitthi W, Musumari PM, Tangmunkongvorakul A, Rerkasem K, Techasrivichien T. Sexual behavior
and attitudes toward sex of older adults living with HIV. AIDS Behav. 2020;24(6):1825-1834. [doi:
10.1007/s10461-019-02756-6] [Medline: 31820183]

Mao Y, Wu Z, Poundstone K, Wang C, Qin Q, MaY, et al. Development of a unified web-based national HIV/AIDS
information system in China. Int J Epidemiol. 2010;39(Suppl 2):ii79-ii89. [FREE Full text] [doi: 10.1093/ije/dyq213]
[Medline: 21113041]

Yang H, Li Y, HeF, YuanF, LiuL, Li L, et al. Demographic characteristics and hot-spot areas of recent infections among
new HIV diagnoses in Sichuan, China, between 2018 and 2020. Infect Drug Resist. 2023;16:779-789. [FREE Full text]
[doi: 10.2147/IDR.S394828] [Medline: 36779044]

Chen J, Xu J, Zhou Y, Luo Y. HIV detection and delayed diagnosis: atime series analysisin China. Int J Environ Res
Public Health. 2022;19(24):16917. [FREE Full text] [doi: 10.3390/ijerph192416917] [Medline: 36554798]

Li Q,Li X, LuoY, Fang D, Chen J, Zhang X, et a. HIV incidence and cohort retention among men who have sex with
men in Hangzhou, China: a prospective cohort study. Medicine (Baltimore). 2019;98(40):e17419. [FREE Full text] [doi:
10.1097/M D.0000000000017419] [Medline: 31577756]

Zhang J, Guo Z, Pan X, Zhang W, Yang J, Ding X, et a. Highlighting the crucial role of Hangzhou in HIV-1 transmission
among men who have sex with men in Zhgjiang, China. Sci Rep. 2017;7(1):13892. [FREE Full text] [doi:
10.1038/s41598-017-14108-2] [Medline: 29066776]

Babel RA, Wang P, Alessi EJ, Raymond HF, Wei C. Stigma, HIV risk, and accessto HIV prevention and treatment services
among men who have sex with men (MSM) in the United States: a scoping review. AIDS Behav. 2021;25(11):3574-3604.
[FREE Full text] [doi: 10.1007/s10461-021-03262-4] [Medline: 33866444]

Hernandez AL, Weatherly CS, Burrowes S, Jimenez JL, Gonzalez R, Palefsky JM. "The problem isthat our cultureisjust
S0 messed up about aging." recruiting older men who have sex with men (MSM) into research studies: an example from a
study of aging, HIV, and anal HPV. BMC Med Res Methodol. 2022;22(1):296. [FREE Full text] [doi:
10.1186/s12874-022-01752-0] [Medline: 36401159]

JukesM, Simmons S, Bundy D. Education and vulnerability: therole of schoolsin protecting young women and girlsfrom
HIV in southern Africa. AIDS. 2008;22(Suppl 4):S41-S56. [FREE Full text] [doi: 10.1097/01.aids.0000341776.71253.04]
[Medline: 19033754]

Qin Q, Guo W, Tang W, Mahapatra T, Wang L, Zhang N, et al. Spatial analysis of the human immunodeficiency virus
epidemic among men who have sex with men in China, 2006-2015. Clin Infect Dis. 2017;64(7):956-963. [ FREE Full text]
[doi: 10.1093/cid/cix031] [Medline: 28362948]

Waterfield KC, Shah GH, Etheredge GD, Ikhile O. Consequences of COVID-19 crisisfor persons with HIV: the impact
of social determinants of health. BM C Public Health. 2021;21(1):299. [EREE Full text] [doi: 10.1186/s12889-021-10296-9]
[Medline: 33546659]

https://publichealth.jmir.org/2024/1/e51172 JMIR Public Health Surveill 2024 | vol. 10 | €51172 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/35246792
http://dx.doi.org/10.1007/s11356-022-18564-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35246792&dopt=Abstract
https://www.mdpi.com/resolver?pii=tropicalmed7070137
http://dx.doi.org/10.3390/tropicalmed7070137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35878148&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-022-07189-6
http://dx.doi.org/10.1186/s12879-022-07189-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35227217&dopt=Abstract
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2012.300844
http://dx.doi.org/10.2105/AJPH.2012.300844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22698038&dopt=Abstract
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0109452
http://dx.doi.org/10.1371/journal.pone.0109452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25286369&dopt=Abstract
https://publichealth.jmir.org/2022/11/e35785/
http://dx.doi.org/10.2196/35785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36394944&dopt=Abstract
https://europepmc.org/abstract/MED/36159288
http://dx.doi.org/10.3389/fpubh.2022.941941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36159288&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11050-x
http://dx.doi.org/10.1186/s12889-021-11050-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34090398&dopt=Abstract
http://dx.doi.org/10.1016/S2352-3018(22)00009-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35218734&dopt=Abstract
http://dx.doi.org/10.1007/s10461-019-02756-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31820183&dopt=Abstract
https://europepmc.org/abstract/MED/21113041
http://dx.doi.org/10.1093/ije/dyq213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21113041&dopt=Abstract
https://europepmc.org/abstract/MED/36779044
http://dx.doi.org/10.2147/IDR.S394828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36779044&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph192416917
http://dx.doi.org/10.3390/ijerph192416917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36554798&dopt=Abstract
https://europepmc.org/abstract/MED/31577756
http://dx.doi.org/10.1097/MD.0000000000017419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31577756&dopt=Abstract
https://doi.org/10.1038/s41598-017-14108-2
http://dx.doi.org/10.1038/s41598-017-14108-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29066776&dopt=Abstract
https://europepmc.org/abstract/MED/33866444
http://dx.doi.org/10.1007/s10461-021-03262-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33866444&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-022-01752-0
http://dx.doi.org/10.1186/s12874-022-01752-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36401159&dopt=Abstract
https://journals.lww.com/aidsonline/fulltext/2008/12004/education_and_vulnerability__the_role_of_schools.5.aspx
http://dx.doi.org/10.1097/01.aids.0000341776.71253.04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19033754&dopt=Abstract
https://europepmc.org/abstract/MED/28362948
http://dx.doi.org/10.1093/cid/cix031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28362948&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-10296-9
http://dx.doi.org/10.1186/s12889-021-10296-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33546659&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Huang et al

Abbreviations

AAPC: average annual percent change

APC: annual percent change

CDC: Center for Disease Control and Prevention
GDP: gross domestic product

GWR: geographically weighted regression

LISA: Local Indicators of Spatia Autocorrelation
MSM: men who have sex with men

OLS: ordinary least squares

RR: relativerisk

Edited by A Mavragani, T Sanchez; submitted 23.07.23; peer-reviewed by A Gertz, A Kiser; comments to author 20.08.23; revised
version received 08.09.23; accepted 14.12.23; published 13.02.24

Please cite as:

Huang G, Cheng W, Xu'Y, Yang J, Jiang J, Pan X, Zhou X, Jiang J, Chai C

Spatiotemporal Pattern and Its Determinants for Newly Reported HIV/AIDS Among Older Adults in Eastern China From 2004 to
2021: Retrospective Analysis Sudy

JMIR Public Health Surveill 2024;10:€51172

URL: https://publichealth.jmir.org/2024/1/€51172

doi: 10.2196/51172

PMID: 38349727

©Gang Huang, Wel Cheng, Yun Xu, Jiezhe Yang, Jun Jiang, Xiaohong Pan, Xin Zhou, Jianmin Jiang, Chengliang Chai. Originaly
published in IMIR Public Health and Surveillance (https://publichealth.jmir.org), 13.02.2024. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Public
Health and Surveillance, is properly cited. The complete bibliographic information, a link to the original publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

https://publichealth.jmir.org/2024/1/€51172 JMIR Public Hedlth Surveill 2024 | vol. 10| €51172 | p. 14
(page number not for citation purposes)

RenderX


https://publichealth.jmir.org/2024/1/e51172
http://dx.doi.org/10.2196/51172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38349727&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

