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A hybrid of long short-term memory neural ==

network and autoregressive integrated moving
average model in forecasting HIV incidence
and morality of post-neonatal population

in East Asia: global burden of diseases 2000-
2019
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Abstract

Background: To forecast the human immunodeficiency virus (HIV) incidence and mortality of post-neonatal popula-
tion in East Asia including North Korea, South Korea, Mongolia, Japan and China Mainland and Taiwan province.

Methods: The data on the incidence and mortality of HIV in post-neonatal population from East Asia were obtained
from the Global Burden of Diseases (GBD). The morbidity and mortality of post-neonatal HIV population from GBD
2000 to GBD 2013 were applied as the training set and the morbidity and mortality from GBD 2014 to GBD 2019 were
used as the testing set. The hybrid of ARIMA and LSTM model was used to construct the model for assessing the
morbidity and mortality in the countries and territories of East Asia, and predicting the morbidity and mortality in the
next 5 years.

Results: In North Korea, the incidence and mortality of HIV showed a rapid increase during 2000-2010 and a gradual
decrease during 2010-2019. The incidence of HIV was predicted to be increased and the mortality was decreased.

In South Korea, the incidence was increased during 2000-2010 and decreased during 2010-2019, while the mortal-
ity showed fluctuant trend. As predicted, the incidence of HIV in South Korea might be increased and the mortality
might be decreased during 2020-2025. In Mongolia, the incidence and mortality were slowly decreased during
2000-2005, increased during 2005-2015, and rapidly decreased till 2019. The predicted incidence and mortality of
HIV showed a decreased trend. As for Japan, the incidence of HIV was rapidly increased till 2010 and then decreased
till 2015. The predicted incidence of HIV in Japan was gradually increased. The mortality of HIV in Japan was fluctu-
ant during 2000-2019 and was slowly decreased as predicted. The incidence and mortality of HIV in Taiwan during
2000-2019 was increased on the whole. The predicted incidence of HIV during was stationary and the mortality was
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East Asia.

decreased. In terms of China Mainland, the incidence and mortality of HIV was fluctuant during 2000-2019. The pre-
dicted incidence of HIV in China Mainland was stationary while the mortality was rapidly decreased.

Conclusion: On the whole, the incidence of HIV combined with other diseases in post-neonatal population was
increased before 2010 and then decreased during 2010-2019 while the mortality of those patients was decreased in

Keywords: Long short-term memory neural network model, Autoregressive integrated moving average mode|,
Human immunodeficiency virus. Incidence and mortality, East Asia

Background
Human immunodeficiency virus (HIV) is a tremendous
challenge to the society with 37.7 million people living
with HIV, 1.5 million new HIV infections and 680,000
deaths from AIDS-related causes that occurred in 2020
all over the world [1, 2]. HIV has many routes of trans-
mission including mother-to-child transmission (MTCT)
[3]. Women with HIV infection at childbearing age are
associated with a risk of MTCT during pregnancy and
breastfeeding [4]. Most children were infected with
HIV via MTCT and the Joint United Nations Program
on HIV/AIDS (UNAIDS) estimated that there were
160,000 new HIV infections among children in 2018 [5].
It is well documented that the MTCT rate during preg-
nancy or postpartum period varies from 15 to 45% with-
out prophylaxis [6]. Maternal HIV infection is associated
with a significantly increased risk of infant death with
20% of untreated perinatally infected infants dying within
3 months and 48% dying within 1year [7]. This indicated
the high mortality rate due to HIV in the post-neonatal
(1 month to 1year) population. Effective surveillance and
accurate prediction of HIV are essential for the control
and outcome improving in post-neonatal population with
HIV. Previously, growing numbers of researchers con-
ducted studies on forecasting the incidence of HIV [8-
10]. But these studies were performed in all individuals.
To date, there was no data on forecasting the HIV inci-
dence and mortality of post-neonatal population.
Recently, various machine learning (ML) and deep
learning (DL) were extensively proposed and applied for
various aspects including ground water storage change
[11], climate [12, 13], permafrost distribution [14], air
pollution [15], weed detection [16], botnet detection [17].
Disease forecasting is vital for the prevention of diseases
and mathematical models are important tools for under-
standing of epidemics [18]. Previously, several mathemat-
ical models were also applied in forecasting the incidence
of infection diseases including HIV [18, 19]. The autore-
gressive integrated moving average (ARIMA) model pro-
posed by Box and Jenkins in the early 1970s, is a classical
model based on linear theory to predict future tendency
using the past and present data of time series [20]. The
ARIMA model comprehensively considers the change of

time trend, periodicity and other factors to achieve better
prediction effect, and it is widely applied in predicting the
incidence of diseases [21, 22]. The long short-term mem-
ory (LSTM) model is a novel prediction tool and a kind of
Recurrent Neural Networks (RNN) using the multi-layer
and complex neural networks close to the real values and
a backward propagation algorithm to continually shrink
the fitting error [23]. LSTM can skip the complex math-
ematical modelling and solving processes, which is suita-
ble to solve the problem of correlation in time series [24].
Increasing evidence suggested that the LSTM model is a
useful method for forecasting the incidence of diseases
[25, 26].

In this study, we planned to forecast the HIV inci-
dence and mortality of post-neonatal population in East
Asia including North Korea, South Korea, Mongolia,
Japan and China Mainland and Taiwan via construct-
ing ARIMA and LSTM prediction model based on the
data from the Global Burden of Disease (GBD) Study
2000-2019.

Methods

Data source

The data on the incidence of HIV in post-neonatal pop-
ulation from East Asian were obtained from the GBD
2000-GBD 2019 (https://www.healthdata.org/gbd/2019).
The GBD is a multinational collaborative research study
estimating the disease burden of 204 countries and ter-
ritories [27]. It is an ongoing study updated annually
including the incidence, prevalence, mortality, years of
life lost (YLLs), years lived with disability (YLDs), and
disability-adjusted life-years (DALYs) of 369 diseases and
injuries, for two sexes in 204 countries and territories
from 1990 to 2019 [27]. The GBD provides information
for researchers and clinicians in discovering the latest
knowledge and the current status of health for popula-
tions and countries worldwide [28]. In this study, HIV
burden from 2000 to 2019 in post-neonatal population
from East Asian was selected to analyze the time trends
of incidence and mortality during 2010-2019 as well as
the predicted trends of incidence and mortality in these
patients.
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Construction of the hybrid of ARIMA and LSTM model

The hybrid of ARIMA and LSTM model was constructed
as follows: ARIMA time series model was employed to
predict the morbidity and mortality of post-neonatal HIV
population using the Statsmodels package in Python.
The formula of the model was ®(B)(1 —B) dXt=0(B)eT.
For construction of the model, firstly, time-series data
were collected from the GBD, and the data were plot-
ted to identify whether the time series was stationary.
The d order difference operation was conducted in non-
stationary time series to convert them into a stationary
time series. The autocorrelation function analysis and
the partial autocorrelation function analyses were used
to identify the possible values of P. The parametric tests
not statistically significant (P>0.05) in the model were
excluded, and the residual tests showed the non-white
noise sequence using the Box—Jenkins Q test.

LSTM model was used to train and predict the resid-
ual values of ARIMA model using the Torch package in
Python. For the construction of LSTM model, the raw
data were divided into the testing set (data from 2014
to 2019), and the training set (data from 2000 to 2013).
The training samples were used to build the model and
to discover potential relationships in the data, and the
test samples were used to evaluate the predictive power
of the model constructed by the training set. The series
of LSTM models were constructed using N values which
were the time steps. The model with the lowest mean
square error (MSE) was considered the optimal model.
Finally, the incidence and mortality of HIV in post-neo-
natal population from East Asian were predicted by the
optimal model for the assignment of the lowest MSE.

The final hybrid of ARIMA and LSTM model was cal-
culated by adding the results of residual values of ARIMA
time series model and ARIMA model predicted by LSTM
model. The time complexity of the model was O (n?), and
the space complexity was O (1).

Statistical analysis

The annual percent changes (APC) for morbidity and
mortality were calculated using the Joint Point. The
morbidity and mortality of post-neonatal HIV popula-
tion from 2000 to 2013 were applied as the training set
and the morbidity and mortality from 2014 to 2019 were
used as the testing set. The hybrid of ARIMA and LSTM
model was used to construct the model for assessing the
morbidity and mortality in the countries and territories
of East Asia, and predicting the morbidity and mortal-
ity in the next 5 years. The hybrid of ARIMA and LSTM
model was constructed using Python V3.7.4. The per-
formance of the model was evaluated by measuring its
persistence including mean absolute error (MAE), the
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mean squared error (MSE), and root mean square error
(RMSE).

Results

The incidence of HIV in post-neonatal population from East
Asia during 2000-2019

In post-neonatal population from North Korea, the
incidences of HIV were increased during 2000-2002,
2002-2006, and 2006-2010, and decreased during
2010-2019. The respective APCs were 14.7 (95%ClL:
11.8-17.6), 9.8 (95%CI: 8.4-11.2), 4.4 (95%CIL: 3.1-5.8)
and — 0.7 (95%CIL: — 0.9--0.5). As for HIV with extensive
drug-resistant tuberculosis (XDR-TB), the incidence
was increased during 2000-2004 (APC=20.3, 95%CI:
18.9-21.8), 2004—2011 (APC=3.2, 95%CI: 2.5-3.9) and
2011-2019 (APC=7.0, 95%CI: 6.6—7.4). The incidences
of HIV combined with other diseases were increased
during 2000-2002 (APC=14.7, 95%CI: 11.8-17.6),
2002-2006 (APC =9.8, 95%CI: 8.4—11.2) and 2006—-2010
(APC =4.4, 95%CI: 3.1-5.8). The incidences of HIV with
multidrug-resistant TB (MDR-TB) were increased dur-
ing 2000-2005 (APC=6.3, 95%CI: 5.5-7.1), 2010-2015
(APC=0.6,95%CI: — 0.5-1.6) and 2015-2019 (APC=3.5,
95%CI: 2.4—4.6). The incidences of HIV with drug-sus-
ceptible TB (DS-TB) were increased during 2000-2004
(APC=4.2, 95%CI: 3.9-4.5) and 2011-2017 (APC=2.0,
95%CI: 1.8-2.2) (Fig. 1) (Table 1).

In post-neonatal population from South Korea,
the incidences of HIV were increased during 2000—
2003 (APC=82.6, 95%CI: 70.5-95.5) and 2003-2011
(APC=10.3, 95%CI: 8.3—-12.4). In terms of HIV with
XDR-TB, the incidences were increased during 2000—
2004 (APC=17.1, 95%CI: 15.9-18.2) and 2014-2017
(APC=5.1, 95%CI: 1.8-8.5). As for HIV combined with
other diseases, the incidences were increased during
2000-2003 (APC=282.6, 95%CI: 70.5-95.5) and 2003—
2011 (APC=10.3, 95%CI: 8.3—12.4). With regard to HIV
with MDR-TB, the incidences were increased during
2000-2005 (APC=3.4, 95%CI: 2.3-4.6), and decreased
during 2005-2013 (APC=-7.2, 95%Cl: —7.8--6.5),
2013-2017 (APC=-0.3, 95%CI: —2.8-2.2) and 2017-
2019 (APC=-6.7, 95%CIL: —11.3--1.9). The incidences
of HIV with DS-TB were increased during 2005-2009
(APC=14.3, 95%CI: 12.9-15.8), and decreased dur-
ing 2000-2005 (APC=-2.4, 95%CI: —2.9--1.8), 2009—
2017 (APC=-0.4, 95%CI: —0.8--0.1) and 2017-2019
(APC=-5.3,95%CI: —7.7--2.9) (Fig. 2) (Table 1).

In post-neonatal population from Mongolia, the
incidences of HIV were increased during 2006-2015
(APC=7.7, 95%CI: 1.2-14.7), and decreased during
2000-2006 (APC=-6.6, 95%CI: —15.3-3) and 2015-
2019 (APC=-26.6, 95%CI: —38.8--12). The incidences
of HIV with XDR-TB were increased during 2000—-2004
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(APC=9.0, 95%CI: 4.7-13.4), 2004-2010 (APC=1.6,
95%CI: —1.3-4.5) and 2010-2016 (APC=164,
95%CI: 13.1-19.7), and decreased during 2016-2019
(APC=-14.4, 95%CI: —19.7--8.8). The incidences of
HIV with combined with other diseases were increased
during 2000-2003 (APC=8.8, 95%CIL 2.5-15.5) and
2006-2016 (APC=8.1, 95%CI: 6.9-9.3), and decreased
during 2003-2006 (APC=-9.6, 95%CI: —19.8-1.9) and
2016-2019 (APC=-32.7, 95%CIl: —36.6--28.5). The
incidences of HIV with MDR-TB were increased during
2010-2014 (APC=11.3, 95%CIL: 5.8-17.1) and 2014—
2017 (APC=1.3, 95%CIL: —8.4-12.1), and decreased
during 2000-2010 (APC=-4.8, 95%CL: —5.6--4.1) and
2017-2019 (APC=-23.6, 95%CI: —31--15.5). The inci-
dences of HIV with DS-TB were increased during 2010-
2017 (APC=1.9, 95%CI: 0.8-3), and decreased during
2000-2002 (APC=-7.6, 95%CIL: —13.2--1.7), 2002—-2010
(APC=-17.2, 95%CI: —17.9--16.5) and 2017-2019
(APC=-26.3, 95%CI: —30.8--21.5) (Fig. 3) (Table 1).

In post-neonatal population from Japan, the incidences
of HIV were increased during 2004-2012 (APC=8.1,
95%CIL: 7.2-9.1) and 2016-2019 (APC=1.3, 95%CI:
—2-4.7), and decreased during 2000-2004 (APC=-0.5,
95%CIL: —2.5-1.6) and 2012-2016 (APC=-15.8, 95%CI:
—18.5--12.9). In HIV with XDR-TB, the incidences were
increased during 2010-2015 (APC=4.7, 95%CI: 3.8-5.7),
and decreased during 2000-2002 (APC=-6.3, 95%CI:
—9.1--3.6), 2002-2010 (APC=-13.2, 95%CI: —13.5--
12.9) and 2015-2019 (APC=-18.4, 95%CI: — 19.1--17.6).
For HIV accompanied with other diseases, increased
incidences were observed during 2004-2012 (APC=38.1,
95%CIL: 7.2-9.1) and 2016-2019 (APC=1.3, 95%CI:
—2-4.7) while decreased incidences were observed
during 2000-2004 (APC=-0.5, 95%CI: —2.5-1.6) and

2012-2016 (APC=-15.8, 95%CI: —18.5--12.9). In terms
of HIV with MDR-TB and DS-TB, the incidences were
decreased during 2000-2019 (Fig. 4) (Table 1).

In post-neonatal population from Taiwan, the
increased incidences of HIV were found during 2000-
2012 (APC=11.1, 95%CI: 9.8-12.4), and 2015-2019
(APC=2.1, 95%CI: —4-8.7), and decreased incidences
were identified during 2012-2015 (APC=-12.8, 95%CL:
—28.3-6). The increased incidences of HIV with XDR-
TB were observed during 2000-2005 (APC=6.4, 95%Cl:
5.8-7), 2010-2017(APC=0.8, 95%CI: 0.3-1.2) and
2017-2019 (APC=4.2, 95%CI: 1.5-7). The incidences
of HIV combined with other diseases were increased
during 2000-2012 (APC=11.1, 95%CIL: 9.8-12.4) and
2015-2019 (APC=2.1, 95%CI: —4-8.7). The incidences
of HIV with MDR-TB were increased during 2017-2019
(APC=0.5, 95%CI: —0.8-1.8), and decreased during
2000-2017. For HIV with DS-TB, the incidence was
decreased during 2000-2019 (APC=-2.3, 95%CI: —3.1-
-1.4) (Fig. 5) (Table 1).

As for the incidence of different types of HIV in
post-neonatal population from China Mainland,
increased incidences of HIV were identified during
2000-2007 (APC=5.9, 95%CI: 4.8-7) and 2013-2016
(APC=0.8, 95%CI: —6.9-9.1), and decreased dur-
ing 2007-2013 (APC=-4.2, 95%CI: —5.9--2.5) and
2016-2019 (APC=-12.6, 95%CI: -16--9). The inci-
dences of HIV with XDR-TB were elevated dur-
ing 2000-2006 (APC=0.1, 95%CIl: —0.7-0.9) and
2014-2019 (APC=6.3, 95%CI: 5.1-7.4), and declined
during 2006-2014. In terms of HIV combined with
other diseases, the incidences were increased during
2000-2007 (APC=5.9, 95%CI: 4.8-7) and 2013-2016
(APC=0.8, 95%CI: —6.9-9.1), and decreased during
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Lower Endpoint Upper Endpoint  APC Lower Cl Upper Cl Test Statistic (t) Prob > |t|
North Korea incidence
HIV 2000 2002 14.7% 11.8 17.6 123 <0.001
2002 2006 9.8* 84 11.2 16.8 <0.001
2006 2010 4.4% 3.1 58 7.8 <0.001
2010 2019 —0.7* —-09 —0.5 —7.1 <0.001
XDR-TB 2000 2004 20.3* 189 218 338 <0.001
2004 2011 3.2% 25 39 10.8 <0.001
2011 2019 7.0% 0.6 74 358 <0.001
Combined with other diseases 2000 2002 14.7% 1.8 176 12.3 <0.001
2002 2006 9.8* 84 1.2 16.8 <0.001
2006 2010 4.4% 3.1 5.8 7.8 <0.001
2010 2019 —0.7% —0.9 —0.5 —7.1 <0.001
MDR-TB 2000 2005 6.3* 55 7.1 19 <0.001
2005 2010 —4.6* —56 —36 —104 <0.001
2010 2015 0.6 —-05 1.6 1.2 0.245
2015 2019 3.5% 24 46 76 <0.001
DS-TB 2000 2004 4.2% 39 45 306 <0.001
2004 2011 —0.8* —1 —0.7 —-118 <0.001
2011 2017 2.0* 18 22 211 <0.001
2017 2019 —1.5% —24 —05 —35 <0.001
North Korea mortality
HIV 2000 2003 15.4% 14.1 16.8 282 <0.001
2003 2007 8.7% 75 10 16.5 <0.001
2007 2012 5.5% 4.8 6.3 16.7 <0.001
2012 2019 0.2 —0.1 05 13 0213
XDR-TB 2000 2003 28.8* 245 333 16.9 <0.001
2003 2007 16.2% 123 202 10 <0.001
2007 2013 6.9% 53 85 9.9 <0.001
2013 2019 1.5% 04 27 3 <0.001
Combined with other diseases 2000 2004 14.8% 13.8 15.8 347 <0.001
2004 2011 7.2% 6.7 7.7 328 <0.001
2011 2019 1.2% 09 1.5 84 <0.001
MDR-TB 2000 2003 15.5% 11.6 19.6 94 <0.001
2003 2007 7.3% 37 111 46 <0.001
2007 2013 0.6 —-09 22 0.9 0392
2013 2019 —2.9% —4.1 —1.8 —57 <0.001
DS-TB 2000 2004 12.2% 11 133 24.1 <0.001
2004 2012 5.1%* 4.7 56 249 <0.001
2012 2019 —4.2% —4.6 —38 212 <0.001
South Korea incidence
HIV 2000 2003 82.6% 70.5 95.5 19.2 <0.001
2003 2011 10.3* 83 124 1.7 <0.001
2011 2019 —3.6% —5.1 —2.2 —54 <0.001
XDR-TB 2000 2004 17.0% 159 18.2 354 <0.001
2004 2014 —0.1 —04 0.2 —1 0.344
2014 2017 5.1% 1.8 85 36 0.006
2017 2019 —3.0* —6.2 0 -23 0.049
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Table 1 (continued)
Lower Endpoint Upper Endpoint  APC Lower Cl Upper CI Test Statistic (t) Prob > |t|
Combined with other diseases 2000 2003 82.6% 70.5 95.5 19.2 <0.001
2003 2011 10.3* 83 124 1.7 <0.001
2011 2019 —3.6% -5 —22 —54 <0.001
MDR-TB 2000 2005 34% 23 46 6.8 <0.001
2005 2013 —7.2* —78 —6.5 —-25 <0.001
2013 2017 —03 —28 22 —03 0.766
2017 2019 —6.7% —113 —-19 —3.1 0.013
DS-TB 2000 2005 —24% -29 —-18 —94 <0.001
2005 2009 14.3* 12.9 15.8 236 <0.001
2009 2017 —0.4* —0.8 —0.1 —29 0.016
2017 2019 —5.3*% —7.7 -29 —4.8 <0.001
South Korea mortality
HIV 2000 2010 8.2% 5.1 114 58 <0.001
2010 2019 —4.7* -79 -13 -3 0.009
XDR-TB 2000 2004 36.5% 231 514 64 <0.001
2004 2019 —2.9*% —42 —15 —45 <0.001
Combined with other diseases 2000 2003 82.6* 70.5 95.5 19.2 <0.001
2003 2011 10.3% 83 124 1.7 <0.001
2011 2019 —3.6% —5.1 -22 —54 <0.001
MDR-TB 2000 2004 27 4% 14.9 412 5.1 <0.001
2004 2009 —13.7% —222 —44 —-3.1 0.008
2009 2019 —6.0% —83 —36 —53 <0.001
DS-TB 2000 2010 8.9*% 6 11.9 6.7 <0.001
2010 2019 —4.5% -7.5 —14 —31 0.007
Mongolia incidence
HIV 2000 2006 —6.6 —153 3 —1.5 0.153
2006 2015 7.7% 1.2 14.7 26 0.024
2015 2019 —26.6% —388 -12 —37 0.003
XDR-TB 2000 2004 9.0* 4.7 134 4.8 <0.001
2004 2010 16 —13 45 13 0.242
2010 2016 16.4* 131 19.7 121 <0.001
2016 2019 —14.4* —19.7 —88 —56 <0.001
Combined with other diseases 2000 2003 8.8*% 25 155 32 0011
2003 2006 —-96 —19.8 19 -1.9 0.09
2006 2016 8.1* 6.9 93 16.1 <0.001
2016 2019 —32.7% —36.6 —285 —14.9 <0.001
MDR-TB 2000 2010 —4.8* —56 —4.1 —14.2 <0.001
2010 2014 11.3* 58 17.1 48 <0.001
2014 2017 1.3 -84 121 0.3 0.776
2017 2019 —23.6% —31 —155 -6 <0.001
DS-TB 2000 2002 —7.6% —132 —1.7 -29 0018
2002 2010 —17.2% —179 —165 —51 <0.001
2010 2017 1.9% 0.8 3 4 0.003
2017 2019 —26.3% —30.8 —-215 —11 <0.001
Mongolia mortality
HIV 2000 2003 —0.38 —6.3 5.1 —03 0.772
2003 2007 —8.7% —13.9 —-33 —36 0.006
2007 2016 7.8% 6.5 9.2 13.6 <0.001
2016 2019 —326% —364 —286 —155 <0.001
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Table 1 (continued)
Lower Endpoint Upper Endpoint  APC Lower Cl Upper CI Test Statistic (t) Prob > |t|
XDR-TB 2000 2010 —1.6% —-28 —05 -3 <0.001
2010 2016 13.8% 9.9 17.8 82 0.012
2016 2019 —28.3% —337 —226 —94 <0.001
Combined with other diseases 2000 2003 8.8% 25 15.5 32 0.011
2003 2006 —-96 —19.8 19 —-19 0.09
2006 2016 8.1% 6.9 93 16.1 <0.001
2016 2019 —32.7% —36.6 —28.5 —14.9 <0.001
MDR-TB 2000 2010 —9.6% —-10.7 -85 —17.7 <0.001
2010 2016 84* 46 123 49 <0.001
2016 2019 —31.8% —37 —26.1 —104 <0.001
DS-TB 2000 2010 —19.1* —20.2 —18.1 —344 <0.001
2010 2016 24 —15 6.5 14 0.2
2016 2019 —30.8% —36.5 —245 -93 <0.001
Japan incidence
HIV 2000 2004 —-05 25 16 —-0.5 0.6913
2004 2012 8.1* 7.2 91 19.9 <0.001
2012 2016 —15.8* —185 —129 —11.7 <0.001
2016 2019 1.3 -2 4.7 09 0412
XDR-TB 2000 2002 —6.3% —9.1 —36 =5 <0.001
2002 2010 —13.2% —13.5 —129 —815 <0.001
2010 2015 4.7* 38 57 1.3 <0.001
2015 2019 —184* —19.1 —176 —49.3 <0.001
Combined with other diseases 2000 2004 —0.5 -25 1.6 —0.5 0613
2004 2012 8.1* 7.2 9.1 19.9 <0.001
2012 2016 —15.8* —185 —129 —11.7 <0.001
2016 2019 13 -2 4.7 09 0411
MDR-TB 2000 2002 —12.1* —189 —48 —3.7 0.005
2002 2009 —22.4% —234 —213 —424 <0.001
2009 2015 —2.7% —44 —0.9 —34 0.008
2015 2019 —21.3*% —233 —193 —214 <0.001
DS-TB 2000 2002 —5.0% -79 =2 —37 0.004
2002 2010 —11.3* —116 —10.9 —654 <0.001
2010 2015 —3.7% —46 —28 —87 <0.001
2015 2019 —226% =234 —218 —593 <0.001
Japan mortality
HIV 2000 2007 27 —06 6.2 1.8 0.098
2007 2019 —3.2* —4.6 —-18 —4.8 <0.001
XDR-TB 2000 2011 —24* —44 —04 —26 0.021
2011 2019 33 0 6.8 2.1 0.051
Combined with other diseases 2000 2007 4.6% 1 83 2.8 0.017
2007 2019 —3.2% —4.7 1.7 —45 <0.001
MDR-TB 2000 2010 —104* —12.5 -83 —10 <0.001
2010 2019 —-19 —45 0.8 —15 0.158
DS-TB 2000 2019 —2.5% -33 —-16 —6.3 <0.001
Taiwan incidence
HIV 2000 2012 11.0% 9.8 124 19.8 <0.001
2012 2015 —12.8 —283 6 —-15 0.152
2015 2019 2.1 —4 87 0.7 0.469
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Table 1 (continued)
Lower Endpoint Upper Endpoint  APC Lower Cl Upper CI Test Statistic (t) Prob > |t|
XDR-TB 2000 2005 6.4* 58 7 237 <0.001
2005 2010 —5.7*% —64 —49 —15.8 <0.001
2010 2017 0.8* 03 1.2 4 0.003
2017 2019 4.2% 15 7 35 0.006
Combined with other diseases 2000 2012 11.1% 9.8 124 19.8 <0.001
2012 2015 —12.8 —283 6 —1.5 0.152
2015 2019 2.1 —4 8.7 0.7 0.469
MDR-TB 2000 2006 —4.4% —46 —42 —46.2 <0.001
2006 2010 —12.9*% —13.5 —123 —47.8 <0.001
2010 2017 —4.1% —4.3 -39 —432 <0.001
2017 2019 0.5 —0.8 1.8 09 0.398
DS-TB 2000 2019 —2.3* —3.1 —14 —55 <0.001
Taiwan mortality
HIV 2000 2011 8.6* 6 113 73 <0.001
2011 2019 -3 —6.8 0.8 —1.7 011
XDR-TB 2000 2019 —0.7 —16 03 —1.5 0.164
Combined with other diseases 2000 2011 12.9% 9.9 16 9.7 <0.001
201 2019 -36 —7.7 0.6 -1.8 0.09
MDR-TB 2000 2019 —6.9% —79 —-59 —13.7 <0.001
DS-TB 2000 2019 —2.3* —-3.1 —14 —55 <0.001
China mainland incidence
HIV 2000 2007 5.9*% 4.8 7 12.2 <0.001
2007 2013 —4.2% —-59 -25 —55 <0.001
2013 2016 0.8 —6.9 9.1 02 0.826
2016 2019 —12.6* —16 -9 —7.7 <0.001
XDR-TB 2000 2006 0.1 —0.7 09 03 0.806
2006 2010 —10.8* —129 —86 —10.7 <0.001
2010 2014 —5.9* —82 —36 —57 <0.001
2014 2019 6.3* 5.1 74 12.8 <0.001
Combined with other diseases 2000 2007 5.9% 4.8 7 12.2 <0.001
2007 2013 —4.2% —59 -25 —55 <0.001
2013 2016 0.8 —6.9 9.1 0.2 0.826
2016 2019 —12.6* —16 -9 —7.7 <0.001
MDR-TB 2000 2005 —8.8* —10.1 —75 —15 <0.001
2005 2010 —154% —-17 —137 —19.1 <0.001
2010 2014 —11.3* —14.1 -85 —87 <0.001
2014 2019 2.2*% 0.8 3.6 35 0.006
DS-TB 2000 2002 =31 -73 13 -16 0.148
2002 2010 —6.2% —6.7 —56 —24.2 <0.001
2010 2013 —25 —6.7 19 —-13 0.231
2013 2019 —0.1 —0.8 0.7 —03 0.784
China mainland mortality
HIV 2000 2008 3.8* 22 55 5.1 <0.001
2008 2019 —06 -16 03 —14 0.191
XDR-TB 2000 2007 0.1 —-15 1.8 02 0.881
2007 2014 —11.2% —-13 —-93 —124 <0.001
2014 2019 —2.9*% —56 —0.2 —23 0.037
Combined with other diseases 2000 2008 7.0% 52 8.8 85 <0.001
2008 2019 04 —0.7 14 0.7 0482
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Table 1 (continued)
Lower Endpoint Upper Endpoint APC Lower Cl Upper CI Test Statistic (t) Prob > |t|
MDR-TB 2000 2007 —8.6% —10 —-73 —133 <0.001
2007 2014 —16.0% —175 — 144 —20.3 <0.001
2014 2019 —7.0% —-93 —4.7 —64 <0.001
DS-TB 2000 2009 —4.6% —55 —3.7 —10.5 <0.001
2009 2019 —7.8* -85 -7 214 <0.001

APC Annual percent changes, XDR-TB Extensive drug-resistant tuberculosis, MDR-TB Multidrug-resistant TB, DS-TB Drug-susceptible TB

2007-2013 (APC=-4.2, 95%CIL: —5.9--2.5) and 2016—
2019. Decreased incidence of HIV with MDR-TB was
found during 2000-2014, and then increased during
2014-2019 (APC =-12.6, 95%CI: -16--9). The incidence
of HIV with DS-TB was decreased during 2000-2019
(Fig. 6) (Table 1).

The mortality of HIV in post-neonatal population from East
Asia during 2000-2019

In post-neonatal population from North Korea, the
mortalities of HIV, HIV with XDR-TB, and HIV com-
bined with other diseases were increased during
2000-2019. The mortality of HIV with MDR-TB was
decreased during 2013-2019 (APC=-2.9, 95%CI:
—4.1--1.8) and HIV with DS-TB was decreased dur-
ing 2012-2019 (APC=-4.2, 95%CI: —4.6--3.8) (Fig. 1)
(Table 1).

In terms of the mortality of post-neonatal popula-
tion from South Korea, decreased mortality of HIV
was observed during 2010-2019 (APC=-4.7, 95%CI:
—7.9--1.3). For HIV with XDR-TB, the mortality was
decreased during 2004-2019 (APC=-2.9, 95%CI:
—4.2--1.5). The mortality of HIV combined with
other diseases showed a decline during 2011-2019
(APC=-3.6, 95%CIl: —5.1--2.2). The mortality of
HIV with MDR-TB was decreased during 2004—2009
(APC=-13.7, 95%CIL. —22.2--4.4) and 2009-2019
(APC=-6.0, 95%CI: —8.3--3.6) while the mortality
of HIV with DS-TB was decreased during 2010-2019
(APC =-4.5, 95%CI: — 7.5--1.4) (Fig. 2) (Table 1).

In post-neonatal population from Mongolia, the
mortality of HIV was decreased during 2000-2007
and 2016-2019 (APC=-32.6, 95%CI: — 36.4--28.6).
With regard to HIV with XDR-TB, the mortality was
decreased during 2000-2010 (APC=-1.6, 95%CI:
—2.8--0.5) and 2016-2019 (APC=-28.3, 95%CI:
—33.7--22.6). Decreased mortality of HIV combined
with other diseases was observed during 2003-2006
and 2016-2019 (APC =-32.7, 95%CI: — 36.6--28.5). The
mortality of HIV with MDR-TB and HIV with DS-TB

presented a decline during 2000-2010 and 2016-2019
(Fig. 3) (Table 1).

For post-neonatal population from Japan, during
2007-2019 (APC=-3.2, 95%CI: —4.6--1.8), the mortality
of HIV was decreased. During 2000-2011 (APC=-2.4,
95%CI: —4.4--0.4), the mortality of HIV with XDR-
TB was decreased, and during 2007-2019 (APC=-3.2,
95%CI: —4.7--1.7), the mortality of HIV combined with
other diseases were decreased. For HIV with MRD-TB
and DS-TB, the mortality was decreased during 2000—
2019 (Fig. 4) (Table 1).

In Taiwan, the mortality of HIV and HIV combined
with other diseases in post-neonatal population was
decreased during 2011-2019 (APC=-3.1, 95%CI: —6.8-
0.8). For HIV with XDR-TB, MDR-TB and DS-TB, a
decline of mortality was observed during 2000-2019
(Fig. 5) (Table 1).

With regard to HIV in post-neonatal population from
China Mainland, decreased mortality of HIV was found
during 2008-2019 (APC=-0.6, 95%CI: —1.6-0.3). As for
the mortality of HIV with XDR-TB, the mortality showed
a decline during 2007-2014 (APC=-11.2, 95%CI: —13--
9.3) and 2014-2019 (APC=-2.9, 95%CIl: —5.6--0.2).
The mortality of HIV with MDR-TB and DS-TB was
decreased during 2000-2019 (Fig. 6) (Table 1).

The prediction of the incidence and mortality of HIV

in post-neonatal population during 2020-2025

As for post-neonatal population in North Korea, the
incidence of HIV was slowly increased from 2020 to
2025 while the mortality was decreased. For HIV with
XDR-TB, both the incidence and mortality were rap-
idly increased during 2020-2025. The incidence of HIV
combined with other diseases were increased during
2020-2024, but decreased in 2025. The mortality of HIV
combined with other diseases was slowly decreased dur-
ing 2020-2025. Increased incidence of HIV with MDR-
TB was found during 2020-2025. The mortality of HIV
with MDR-TB was slowly decreased during 2020-2025.
The incidence and mortality of HIV with DS-TB was
decreased in the next 5 years (Fig. 1) (Table 2).
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Fig. 3 The predicted and actual incidence and mortality of HIV in Mongolia

As shown in Table 2, the incidence of HIV in post-neo-
natal population from South Korea was rapidly increased
and the mortality was decreased during 2020-2025. The
incidence of HIV with XDR-TB was decreased during
2020-2025 while the mortality was stationary during
2020-2021, and increased during 2022 and then station-
ary to 2025. A rapid increase of incidence and slowly
decrease of mortality in HIV with other diseases were
observed during 2020-2025. Both the incidence and
mortality in HIV with MDR-TB and DS-TB presented a
declined trend (Fig. 2) (Table 2).

In terms of the predicted incidence and mortality in
post-neonatal population from Mongolia, decreased
incidence and mortality of HIV, HIV with XDR-TB, HIV

combined with other diseases, HIV with MDR-TB and
DS-TB was observed during 20202025 (Fig. 3) (Table 2).

In Japan, the predicted incidence of HIV was increased
during 2020-2021 and then slowly decreased during
2022-2025. The mortality was decreased during 2020—
2025. A decreased incidence and increased mortality
of HIV with XDR-TB was identified during 2020-2025.
The incidence of HIV combined with other diseases was
decreased during 2020—2024 but increased in 2025. The
mortality of HIV combined with other diseases showed
rapid decline during 2020-2025. The incidence of HIV
with MDR-TB showed a slow decrease while the mor-
tality of HIV with MDR-TB exhibited a slow increase.
In terms of DS-TB, the incidence was slowly decreased
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while the mortality was increased during 2020-2021 and
decreased during 2022-2025 (Fig. 4) (Table 2).

With regard to the post-neonatal population from Tai-
wan, the incidence of HIV showed a decreased trend
during 2020-2024 and was increased slowly in 2025
while the mortality of HIV was quickly decreased during
2020-2025. Rapid increase of the incidence and mortality
of HIV with XDR-TB was observed during 2020-2025.
As for the incidence and mortality of HIV combined
with other diseases, a slow increase was identified dur-
ing 2020-2025. The incidence and morality of HIV with
MDR-TB was gradually declined during 2020-2025.
In terms of HIV with DS-TB, the incidence presented
a quickly increase trend while the mortality displayed
a gradual decreased trend during 2020-2025 (Fig. 5)
(Table 2).

In China mainland, the incidence of HIV in post-neo-
natal population was similar while the mortality of HIV
decreased slowly during 2020-2025. Rapid increase was
observed in the incidence of HIV with XDR-TB during
2020-2022. The incidence and mortality of HIV com-
bined with other diseases, HIV with MDR-TB and HIV
with DS-TB exhibited a decreased trend during 2020—
2025 (Fig. 6) (Table 2).

Discussion

In the present study, we evaluated the incidence and
mortality of HIV in post-neonatal population from East
Asia during 2000-2019 based on the data from GBD and
predicted the incidence and mortality of HIV in the pop-
ulation during 2020-2025. In North Korea, the incidence
and mortality of HIV showed a rapid increase during
2000-2010 and a gradual decrease during 2010-20109.
The incidence of HIV was predicted to be increased and
the mortality was decreased. In South Korea, the inci-
dence during 2000-2010 was increased and decreased
during 2010-2019, while the mortality showed fluctu-
ant trend. As predicted, the incidence of HIV in South
Korea might be increased and the mortality might be
decreased during 2020-2025. In Mongolia, the incidence
and mortality were slowly decreased during 2000-2005,
increased during 2005-2015, and then rapidly decreased
till 2019. The predicted incidence and mortality of HIV
showed a decreased trend. As for Japan, the incidence of
HIV was rapidly increased till 2010 and then decreased
till 2015. The predicted incidence of HIV in Japan was
gradually increased. The mortality of HIV in Japan was
fluctuant during 2000—-2019 and was slowly decreased as
predicted. The incidence and mortality of HIV in Taiwan
during 2000-2019 was increased on the whole. The pre-
dicted incidence of HIV during was stationary and the
mortality was decreased. In terms of China Mainland,
the incidence and mortality of HIV was fluctuant during
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2000-2019. The predicted incidence of HIV in China
Mainland was stationary while the mortality was rapidly
decreased.

According to the results in this study, the incidence of
HIV in post-neonatal population was increased on the
whole in East Asia during 2000-2019. This may be due to
the remarkable progress achieved in the diagnosis of HIV,
especially the increase for the diagnosis of HIV infection
in 20s and 30s women who at reproductive age [29]. Dur-
ing 2010-2015, the incidence of HIV showed a decreased
trend. The World Health Organization (WHO) provided
and updated the recommendations on the regimens of
antiretrovirals (ARVs) for pregnant women infected with
HIV [30-32]. Additionally, some East Asia countries
launched the prevention of mother-to-child transmission
for HIV program and spread more knowledge of HIV
transmission means from mother to child among women
[33, 34]. The predicted incidence of HIV in post-neonatal
population showed a decreased trend in East Asia, except
North Korea and South Korea. This might because in
South Korea, the incidence of HIV has been steadily on
the rise, especially among adolescents (ages 10—19years)
and young adults (ages 20—29years) [29, 35]. As antiret-
roviral therapy (ART) has increased the life expectancy
of HIV patients, women HIV patients are now more
frequently considering becoming pregnant [36]. The
live birth rate in women HIV patients is nearly as high
as women without HIV infection with the application of
ART [37]. Additionally, the repeated pregnancies among
women with HIV was also increased in recent years [38,
39]. These factors might be the reason for the increase of
HIV incidence post-neonatal population. In the current
study, the mortality of HIV in post-neonatal population
in East Asia was decreased since 2010 and the predicted
mortality during 2020-2025 was continued to decline.
This maybe because the improved prevention, screen-
ing, and treatment strategies including ART for HIV [40,
41]. Early HIV screening tests, avoid breastfeeding, and
health care were provided in post-neonatal population
with HIV, which might also help decrease the mortality
of these patients [33]. In general, the incidence of HIV
with XDR-TB in South Korea, North Korea, Mongolia,
and Taiwan was increased during 2000-2019. Accord-
ing to the data from Zhang et al, the incidence rate of
HIV with XDR-TB in all population from East Asia were
increased from 1990 to 2017 [42]. The increased number
of women HIV infection might be associated with the
elevated incidence of post-neonatal HIV infection. As for
North Korea, China Mainland and Taiwan, the increased
incidence trend of HIV with XDR-TB was found during
2020-2025, and more effective measures should be taken
to prevent the occurrence of HIV with XDR-TB. Mean-
while, the mortality of post-neonatal HIV in most East
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Asia countries and territories were decreased from 2000
to 2019 except North Korea in our study. The decreasing
tendency of mortality indicates the great improvements
in HIV treatments due to the introduction of ART [43].
It is worth noting that the mortality of post-neonatal HIV
in North Korea and Japan during 2020-2025 presented
an increasing tendency. The management of HIV with
XDR-TB is more complicated and early use of ART and
early testing to the drug resistance status should be pro-
vided to improve the outcomes of these patients.

On the whole, the trend of incidence of HIV combined
with other diseases in post-neonatal population was
increased before 2010 followed by decrease during 2010—
2019. Infants who infected with HIV through MTCT
have high possibility of combining with other diseases
since born. A previous study on evaluating the outcomes
of neonates whose mother were infected with HIV, and
the results demonstrated that most neonates were born
prematurely and associated with low birth weight [44].
This was supported by several studies in other countries,
including a preterm birth rate of 13.0% in the United
Kingdom and a 23.7% preterm birth rate, and an 18.4%
small for gestational age rate in Botswana [45, 46]. Pre-
term or low birth weight neonates were reported to com-
bine with many diseases [47, 48]. The predicted incidence
of HIV combined with other diseases in post-neonatal
population was increased in North Korea, South Korea
and Taiwan during 2020-2025. Increased incidence of
HIV in post-neonatal population might result in a higher
rate of those patients combined with other diseases.
More care should be provided on puerpera infected with
HIV and their infants to prevent the occurrence of HIV
or other diseases on the babies. The overall mortality
of HIV combined with other diseases in post-neonatal
population began to decrease in recent years from East
Asia. As the increase of the knowledge on HIV, timely
diagnosis and treatments were provided to infants with
HIV, which helped improve the outcomes of those
patients. On the whole, the incidence and mortality of
HIV with MDR-TB and DS-TB in post-neonatal popula-
tion from East Asia showed a decreased trend. A math-
ematical model constructed by Cho et al. for predicting
the TB burden in South and North Korea delineated that
the control strategies of TB including latent TB infec-
tion treatment, rapid diagnosis, active case-finding and
improvement of the treatment success rate would reduce
the burden of TB [49]. Zhang et al. identified that the
overall mortality in all population with HIV and TB co-
infection was decreased in East Asia in recent years [42].
These gave evidence to the finding of our study.

In previous studies, multiple evidence exhibited that
the establishment of a single model presented a good
effect when dealing with a single time series forecasting
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problem, but limitations existed when facing the complex
problems [50, 55]

Artificial intelligence (AI) is novel method to solve
complex problems using computer engineering and soft-
ware development [56]. As one of the applications of Al,
ML provide output to almost any given input based on
training, which ultimately improves the predictive value
for a given task and/or acquire new skills over time when
trained with more data [15]. In recent years, multiple
ML, and Al methods were applied for helping predict
ground water storage change [11], climate [12, 13] et al,,
and more and more studies indicated that artificial neu-
ral networks were more robust than linear regression as
they more efficiently processed large datasets, worked
with incomplete data, handled both linear and nonlinear
processes and identified more relationships not inputted
by the user [57]. In our study, we used LSTM to predict
the HIV incidence and mortality of post-neonatal popu-
lation in East Asia. Dropouts and callbacks were used to
prevent the overfitting in the LSTM model. The results
might help guide the clinicians and governments to make
further policies for HIV prevention and treatment in
both adults and neonatal.

This study evaluated the incidence and mortality of HIV
in post-neonatal population based on the data from GBD,
the data from GBD are authoritative and reliable. We were
focused on HIV in post-neonatal population, and the
results of our study might help decrease the occurrence of
HIV and improve the outcome in those population, which
might decrease the burden of society. There were several
limitations of our study. Firstly, the data from GBD was
updated to 2019, the recent data on 2020 was still unavail-
able to validate the results in the present study. Secondly,
the prediction of incidence and mortality was only evalu-
ated according to the time series, if other variables were
included, the results of our study might be more reliable.
In the future, we will update our prediction through using
the recent data on 2020-2022, and the actual incidence
and mortality of HIV in post-neonatal population could
be compared with the predicting results in our study to
validate the prediction value of our model. Also, we will
apply more ML and DL methods to improve the predictive
accuracy for the incidence and mortality of HIV in post-
neonatal population, and hope to provide a reference for
the government and clinicians to make future polices in the
prevention and treatments of HIV.

Conclusions

The incidence and mortality of HIV in post-neonatal popu-
lation from East Asia during 2000-2019 was evaluated and
the incidence and mortality of HIV in the population dur-
ing 2020-2025 was predicted in the current study. On the
whole, the incidence of HIV combined with other diseases
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in post-neonatal population was increased before 2010 and
then decreased during 2010-2019 while the mortality of
those patients was decreased in East Asia. Strategies should
be applied in respective countries to decrease the incidence
and mortality of HIV in those population.
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