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Abstract

Background: While the End Tuberculosis (TB) Strategy has been implemented worldwide, the cause of the TB epidemic is
multifactorial and not fully understood.

Objective: This study aims to investigate the risk factors of TB and incorporate these factors to forecast the incidence of TB
infection across different age groups in Sichuan, China.

Methods: Correlation and linear regression analyses were conducted to assess the rel ationships between TB cases and ecol ogical
factors, including environmental, economic, and socid factors, in Sichuan Province from 2006 to 2017. Thetransfer function-noise
model was used to forecast trends, considering both time and multifactor effects.

Results. From 2006 to 2017, Sichuan Province had areported cumulative incidencerate of 1321.08 cases per 100,000 individuals
in male patients and 583.04 cases per 100,000 individuas in female patients. There were significant sex differences in the
distribution of cases among age groups (trend x225=12,544.4; P<.001). Ganzi Tibetan Autonomous Prefecture had the highest
incidence rates of TB in both male and female patients in Sichuan. Correlation and regression analyses showed that the total
illiteracy rate and average pressure at each measuring station (for individuals aged 15-24 years) were risk factors for TB. The
protectivefactors were asfollows: the number of families with the minimum living standard guarantee in urban areas, the average
wind speed, the number of discharged patientswith invasive TB, the number of people with the minimum living standard guarantee
inrural areas, the total health expenditure as a percentage of regional gross domestic product, and being asingle male individual
(for those aged 0-14 years); the number of hospitals and number of health workersin infectious disease hospitals (for individuals
aged 25-64 years); and the amount of daily morning and evening exercise, the number of people with the urban minimum living
standard guarantee, and being married (for female individuals aged =65 years). The transfer function-noise model indicated that
the incidence of TB in male patients aged 0-14 and 15-24 years will continue to increase, and the incidence of TB in femae
patients aged 0-14 and =65 years will continue to increase rapidly in Sichuan by 2035.

Conclusions: The End TB Strategy in Sichuan should consider environmental, educational, medical, social, personal, and other
conditions, and further substantial efforts are needed especially for male patients aged 0-24 years, female patients aged 0-14
years, and female patients older than 64 years.
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Introduction

Tuberculosis (TB) has been the leading cause of the global
disease burden. Approximately 25% of the population
worldwide are infected with M tuberculosis [1]. In 2019,
according to the World Health Organization, there were
approximately 10 million new cases of TB globally and 1.2
million deaths [2]. Of note, almost 90% of individuals who are
infected with TB each year originate from low-income countries
[2]. Poor health services, malnutrition, and crowded working
and living conditions in these countries leads to the increased
risk of TB across populations. Fighting poverty has become a
major theme for the World Health Organization, which aimsto
end the global TB epidemic using “the End TB Strategy” [2].
According to the End TB Strategy, the targeted percentage
reduction in the absolute number of TB deaths and incidence
rate for 2035 are 95% and 90% of the 2015 baseline,
respectively [1]. However, the cause of the TB epidemic is
multifactorial and not fully understood.

Most people (approximately 90%) develop the disease in
adulthood, with men being more susceptible than women [1-4].
Previous ecological studies have demonstrated a significant
association between TB cases and ecological factors, including
environmental, economic, health, and social conditions [3-11].
Although ecological risk factors for TB at the population and
individual levels have raised great concerns, these results are
not consistent [1,2,11-16]. The cause of TB variesin different
populations and countries, especially in different groups (eg,
of different ages and sexes) or in areas with ahigh TB burden
[1], which is a mgjor barrier for the End TB Strategy. China
had the third-largest TB burden in the world in 2019, while
Sichuan Province, known for its geographical and ethnic
diversity, has a top-ranked TB burden, thus providing the
opportunity to comprehensively identify specific risk factorsin
a complex background.

Furthermore, elucidating the trend of TB incidence with
identified TB factors helps to assess the effectiveness of
containing measurements that may aid policy maker decisions
and public health practice. Therefore, our research aimed to
identify these potential risk factorsfor TB in Southwest China
using multiple regression and to predict the trend of TB
incidence using atransfer function-noise (TFN) model [17-21].
The overarching goal of our study was to gain insight into the
secular TB trend, providing implications for advancing TB
prevention and control strategies to achieve the targets of the
End TB Strategy.

Methods
Data Sources and Objects

Geographic Information

We obtained datafrom China's Geographic Information Center
on Sichuan Province in 2009. The map of county-level
administrative divisions included prefectures, counties, cities,
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and districts. In total, Sichuan Province has 21 cities or
prefectures and 181 districts, counties, and cities, with a total
of 1.4 million inhabitants.

Social, Economic, Environmental, Education, and
Health Information

Data were extracted from the 2006-2017 Statistical Yearbook
of Sichuan Provincia Bureau of Statistics. All TB cases were
grouped by sex and age. The age groups were as follows:
children (aged 0-14 years), youths (aged 15-24 years), adults
(aged 25-64 years), and older individuals (aged >64 years).

From the age-stratified popul ation of the* Epidemic Information
Network Direct Reporting System” from 2006 to 2017, we
enrolled the subpopulation in Sichuan Province. All population
data were for permanent residents, specific to county
administrative divisions, and included population data by age
and sex. Information on TB and HIV/AIDS was obtained from
the TB Information Management System of the Chinese Disease
Prevention and Control Information System and the Statistical
Yearbook published by the Sichuan Provincial Bureau of
Statistics. The incidence of TB was analyzed in different age
groups.

Statistical Analysis

Theecologica analysisused data such as case reports, registered
casedata, and ecological information to exploretherisk factors
related to the prevalence of TB. Data on TB cases and the
incidencerate of TB were collected per administrativedivision,
sex, and age group. The variables for each model were chosen
by auto-modeling.

The 128 ecologica factors were all obtained from 12 years
(2006-2017) of data. The transfer function model was fitted by
the autoregressive integrated moving average (ARIMA) model
by time series [17-21], using expert modeling and adding
independent variablesfor themode fitted to choosethe variables
through the fitted data and prediction data; we used 3 different
models (the Grey model, the ARIMA model, the TFN model)
to identify the model that most closely aligned with therea TB
data of 2018.

TFN Model
The expert modeler selected the optimal model from multiple

fitted models, when the R? value reached the ideal state. The
linear regression analysis adoptsthe stepwiseregression analysis
method and uses multiple modelsto fit and to achieve a better
R? value in four different age groups. Finally, only the best
model was used for display. Multiple stepwise regression was
carried out for multivariate analysis (stepwise regression rules:
F-to-enter>3.840, F-to-remove<2.710). The models were
established by each factor, stepwise in and out of the models.
Multimedia Appendix 1 showsthe stepwise regression summary;

when the R? and standard estimated error reached the best value,
the model concluded.
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Univariate analyses (Pearson correlation analysis) and
multivariate analyses (regression analysis) were used to analyze
the protective factorsand risk factorsfor TB in Sichuan Province
according to sex and age group (trend x225:12,544.4; P<.001).
Statistical analysis (descriptive analysis and cluster analysis of
spatiotemporal scans) and prediction of TB incidence in 2035
were performed according to sex and age.

The autocorrel ation test of the residual s uses the Durbin-Watson
(DW) test, with the following test statistic:

L

Z (ex € )2
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DW values occur in arange from 0 to 4 asfollows: aDW value
of 0 indicates complete positive autocorrel ation, values between
0 and 1.5 indicate positive autocorrelation, values between 1.5
and 2.5 indicate no autocorrelation, values between 2.5 and 4
indicate negative autocorrelation, and a value of 4 indicates
complete negative autocorrelation. In  addition, the
autocorrelation function and partial autocorrelation function
show whether the data sequence reached a stable state. At the

same time, the R? and Bayesian information criterion values of
the TFN model were used before and after data unit
standardization to find the best model. The closer the DW value
isto 2, the moreindependent the observations of multiplelinear
regression are.

~2(1- p)

Considering the effect of time and multiple factors, we used
Panel regression, Poisson regression, and Lasso regression for
the analysis, however, the data were not suitable for these
regressions; for example, our study has alarge number of factors
to explore the relationship, so the Panel regression could not
includeall 128 factorsand ID and timeto fit. The pilot analyses
revealed that the random effect model was better than the pool
model and fixed effect model. For these reasons, we did not use
other regression methods.

We included all reported cases of TB during 2006-2017; these
data possibly contain information and selection bias. The TFN
model isamultivariate time series analysis method that can be
seen as a combination of the ARIMA model and a multiple
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regression model. We used SPSS 23.0 (IBM Corp) and ArcGis
Map 10.6 (ESRI Inc) to create spatiotemporal scans and to
conduct the analyses that predicted TB trends by sex and age.
The three main steps were as follows: model identification,
parameter estimation, and model testing. For the cal culation of
the P value, the analysis was applied under the assumptions of
unegual variances and a statistical significance of P<.05.

Ethics Approval

Data collection of TB was required by the Law of the Peopl€e’s
Republic of China on Prevention and Treatment of Infectious
Diseases. The ethics approval in this study was granted by the
Ethics Committee of Sichuan Center for Disease Control and
Prevention (SCCDCIRB2022-001).

Results

Annual TB Cases and Incidence Rate

From 2006 to 2017, Sichuan Province reported 548,584 cases
of pulmonary TB in male patients, with areported cumulative
incidencerate of 1321.08 cases per 100,000 individuals (average
110.09 cases/100,000 individuals), and 235,149 cases of
pulmonary TB in female patients, with a reported cumulative
incidencerate of 583.04 cases per 100,000 individuals (average
48.59 cases/100,000 individuals). Thus, there were
approximately 2.33 times more cases in male patients than in
female patients. The reported cumulative incidence of TB in
Sichuan Province from 2006 to 2017 was 961.71 cases per
100,000 individuals (average 80.14 cases/100,000 individuals).
These TB cases mainly occurred in individuals aged 15-64
years, which accounted for 82.02% (n=642,808) of the total
Cases.

As shown in Figure 1, there were sex differences in the
distribution of cases among age groups, and these differences
were significant (trend x225:12,544.4; P<.001). The number of
TB casesin Sichuan Province peaked in individuals aged 20-24
yearsand gradually decreased in individuals older than 64 years
(Figure 1). During these 12 years (2006-2017), the incidence
rate in those aged 80-85 years was lower than in those aged
60-79 years, while individuals older than 70 years had the
highest TB incidence peak (Figure 2).
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Figurel. TB casesin Sichuan Province of China during 2006-2017. TB: tuberculosis.

90,000

80,000

TB cases (n)

70,000

60,000

50,000

40,000

30,000

20,000

10,000

~—

Figure 2. TB incidence rate in Sichuan Province of Chinaduring 2006-2017. TB: tuberculosis.
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Geographic Distribution

Figure 3 displays the TB cumulative incidence in 21
citied/prefectures during thistime period. The5 cities/prefectures
with the highest incidence rates of TB in male patients were
Ganzi Tibetan Autonomous Prefecture, Aba Tibetan and Qiang
Autonomous Prefecture, Guangyuan City, Liangshan Yi
Autonomous Prefecture, and Dazhou. Thefive cities/prefectures

Wei et d

with the lowest incidence rates of TB in male patients were
Chengdu, Panzhihua, Ya'an, Leshan, and Zigong. In femae
patients, thetop five cities/prefectures according to TB incidence
rates were Ganzi Tibetan Autonomous Prefecture, Aba Tibetan
and Qiang Autonomous Prefecture, Liangshan Yi Autonomous
Prefecture, Guangyuan City, and Dazhou; the bottom five were
Chengdu, Zigong, Ya an, Leshan, and Panzhihua.

Figure 3. Theincidence of male and female TB in Sichuan Province of China during 2006-2017(1/100,000). TB: tuberculosis.
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Relationships Among the Variables

Across the four age groups, there were significant associations
between TB incidence and the environmental and socioeconomic
effectsin five aspects, including other diseasesaswell ashealth
resources,; economic and social factors; pollutant, forestry, and
meteorology variables; population structure, marriage, and habit
variables, and educational investment and education level (al
P<.05; Multimedia Appendix 1, Tables S1-S5).

Multivariate Analysis

AsshowninTable 1, alinear regression analysiswas performed
on the incidence of TB and the various factors, and a
multivariate analysis was performed on the four age groupsin
the whole population, the male population, and the female
population. The regression model exhibited multivariate
multicollinearity; the DW values for the four age groups
(individuals aged 0-14, 15-24, 25-64, or =65 years) were 2.433,
1.340, 2.491, and 3.114, respectively.

In addition, in those aged 0-14 years, the factors affecting the
risk of TB were as follows: the number of families with the
urban minimum living standard guarantee, average wind speed,
number of patients with invasive pulmonary TB discharged,
number of people with the rural minimum living standard
guarantee, total health expenditure as a percentage of regional
gross domestic product (GDP), and being a single man. These
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factors reduced the risk of TB. The incidence of TB in those
aged 15-24 years, sex ratio, number of forest fires, and regular
exerciserate of adultsincreased therisk of TB in children (Table
1).

In those aged 15-24 years, the incidence of TB in those aged
0-14 years, tota illiteracy rate, number of infectious disease
hospitals, enrollment number (secondary school and above),
exposure to secondhand smoke among nonsmokers (%), fraction
of married men (%), number of forest fires, and number of junior
high school boys (%) increased therisk of TB (Table 1).

In those aged 25-64 years, the number of hospitals, number of
health workers in infectious disease hospitals, TB rate in those
aged =65 years, daylight duration, and male life expectancy
decreased therisk of TB (Table 1).

Finally, in the group of people older than 64 years, the risk of
TB wasincreased by the following factors: the rate of TB cases
in female patients, cumulative precipitation over 24 hours (8
PM to 8 PM), rate of TB in those aged 25-64 years, total health
expenditure as a percentage of regional GDP, number of families
with the rural minimum living standard guarantee, rate of TB
in patients aged 15-24 years, and civil medical assistance. The
risk of TB decreased with the amount of daily morning and
evening exercise and the number of people with the urban
minimum living standard guarantee and in women who were
married (Table 1).
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Table 1. Multivariate analysis of tuberculosis (TB) incidence by age group (individuals aged 0-14, 15-24, 25-64, or =65 years) in Sichuan Province.

Model and variables B (95% CI) T test (df) P value
Model 1 (dependent variable: TB incidence in those aged 0-14 year s; Durbin-Watson value: 2.433)
(constant) —-8.259 (-8.269t0-8.249) -10626.577 (11) <.001
TB rate in those aged 15-24 years 1.01E-01 (0.101t00.101)  14772.916 (11)  <.001
Sex ratio 8.387 (8.379 t0 8.394) 14578.003 (11)  <.001
Number of forest fires 0.001 (0.001 to 0.001) 3593.154 (11) <.001
Number of families with the minimum living standard guarantee in urban areas —7.438E-07 (0 to 0) -2011.933(11) <.001
(households)
Average wind speed -0.005 (-0.005t0-0.005) -1576.859 (11)  <.001
Number of patients with invasive TB discharged —1.505E-05 (0 to 0) -4259.893 (11) <.001
Number of peoplewith the minimum living standard guaranteein rural areas (person) —1.41E-07 (O to 0) -1813.338(11) <.001
Regular exerciserate 1.82 (1.8t01.839) 1199.617 (11) .001
Total health expenditure as a percentage of regional GDP? (%) -0.007 (-0.008t0-0.007) ~ -377.144(11)  .002
Unmarried men (%) -0.001 (-0.001t0-0.001) -105.253(11)  .006
Model 2 (dependent variable: TB incidence in those aged 15-24 years; Durbin-Watson value: 1.340)
(constant) —2541.142 (-2542.913t0  —18234.07 (11)  <.001
-2539.371)
TB rate in those aged 0-14 years 6.227 (6.226 t0 6.228) 82051.414 (11)  <.001
Total illiteracy rate (%) 1.789 (1.788 to 1.789) 27895.184 (11) <.001
Average pressure at each measuring station 0.307 (0.307 to 0.307) 18170.576 (11) <.001
Number of infectious disease hospitals 0.854 (0.853 to 0.854) 20744.736 (11) <.001
Enrollment number (secondary school and above) 0.000004396 (0 to 0) 13489.017 (11) <.001
Exposure to secondhand smoke among nonsmokers (%) 0.094 (0.094 to 0.094) 11336.041(11) <.001
Maleilliteracy rate (%) -0.617 (-0.618t0-0.615) -5377.636(11)  <.001
Married men (%) 0.083 (0.083 to 0.083) 3963.885 (11)  <.001
Number of forest fires 0.001 (0.001 to 0.001) 895.709 (11) .001
Junior high school boys (%) 0.004 (0.004 to 0.005) 128.503 (11) .005
Model 3 (dependent variable: TB incidence in those aged 25-64 year s, Durbin-Watson value: 2.491)
(constant) 10.268 (10.218t010.317)  2642.64 (11) <.001
TB rate 1.123(1.1231t0 1.123) 99793.924 (11)  <.001
Number of hospitals —0.009 (-0.009t0—-0.009) 54131.67(11) <.001
Number of health workers in infectious disease hospitals —0.006 (-0.006 to—0.006)  —32021.619 (11) <.001
TB ratein those aged >64 years —0.048 (-0.048t0-0.048) —26994.198 (11) <.001
Daylight duration -0.178 (-0.178t0-0.178)  —14248.119 (11) <.001
Life expectancy 0.421 (0.418 to 0.424) 1887.559 (11) <.001
Diabetes mortality rate (1/100,000) 0.117 (0.116 t0 0.117) 4809.176 (11)  <.001
Total expenditure per person in urban residents (¥) 0.00002666 (0 to 0) 915.623 (11) .001
Number of public health workers per 1000 people 0.062 (0.06 to 0.065) 356.061 (11) .002
Male life expectancy -0.032 (-0.034t0-0.029) —171.099 (11) .004
Model 4 (dependent variable: TB incidence in those aged >64 years; Durbin-Watson value: 3.114)
(constant) -28.128(-28.4110-27.846) —1266.037 (11)  .001
TB ratein women 2.98E+00 (2.979 to 2.98) 70646.596 (11) <.001
Amount of daily morning and evening exercise —5.24E-05 (0to 0) —29473.402 (11) <.001
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Model and variables B (95% CI) T test (df) P value

Cumulative precipitation in 24 hours (8 PM to 8 PM) 0.985 (0.985 to 0.985) 44529.735 (11)  <.001
TB ratein those aged 25-64 years 1.391 (1.39t0 1.392) 15700.111 (11) <.001
Number of people with the urban minimum living standard guarantee (person) —0.00001256 (0 to 0) -3962.971 (11) <.001
Total health expenditure as a percentage of regional GDP (%) 1.51 (1.506 to 1.513) 5632.666 (11) <.001
Number of families with the rural minimum living standard guarantee (households) 0.000001464 (0 to 0) 1182.888 (11) .001

TB ratein women aged 15-24 years 0.132 (0.13t0 0.133) 1161.821 (11) .001
Married women (%) -0.192 (-0.196t0-0.189) -676.252(11)  .001
Civil medical assistance (times used) 1.04E-09 (0 to 0) 44.526 (11) .01

8GDP: gross domestic product.

Forecast Trend

In addition, the TFN model predicted that in 2035, theincidence
of TB in male patients aged 0-14, 15-24, 25-64, and =65 years
per 100,000 individual swould be 4.00, 377.08, 0.00, and —54.00,
respectively (Figure 4). Our model predicted that theincidence
of TB in males aged 0-14, 15-24, 25-64, and =65 years would
not fall to 0 by 2035 and that the incidence rate of TB in male
patients aged 0-14 and 15-24 years would increase.

https://publichealth.jmir.org/2023/1/e40659

Moreover, the TEN results showed that the incidence of TB
among female patients aged 0-14, 15-24, 25-64, and =65 years
per 100,000 individualsin 2018 was 3.00, unpredictable, 42.00,
and 65.00, respectively. However, in 2035, these rates were
predicted to increase, and TB incidence among female patients
aged 0-14 years was predicted to be higher than among women
aged =65 years, which might also exhibit an upward trend
(Figure 4).
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Figure 4. The transfer function-noise model predicts the trend of age-specific incidence rates (male/female: aged 0-14, 15-24, 25-64, and =65 years).

LCL: lower confidence limit; UCL: upper confidence limit.
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Model Selection :

The TFN model was used to fit the number and incidence rate
of TB cases reported in Sichuan Province during 2006-2017,
establish and judge the models, and predict TB incidence in
Sichuan Province during 2018-2035. The TFN model wasfitted

for different groups to determine the TB incidence. The R? and
Bayesian information criterion of the models and evaluations
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The TFN models used female and male data separately in the
multivariate models, and the total of all cases was 783,735.
From 2006 to 2017, Sichuan Province reported 548,585 cases
of pulmonary TB in male patients, with a reported incidence
rate of 11 cases per 100,000 individuals, and 235,150 cases of
pulmonary TB in female patients, with a reported cumulative
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incidencerate of 4.85 cases per 100,000 individuals. Therewere
12-year observations per model at the population level. For each
model, using stepwise regression methods, 10 well-fitting
models were established (a better R? value), and the rule was
carried out for multivariate analysis (stepwise regression rules:
F-to-enter=3.840, F-to-remove<2.710).

Additionally, we adjusted the variables of the data to be
standardizing variables, and the result did not change. The

Wei et d

findings also show that the data trend is relatively stable after
multiple data processing, such as splitting or logarithmic
processing. Both the destandardized and standardized results
and indicators showed that the models were the same.

The TFN model, number and incidence rate of TB cases,
autocorrelation function, and partial autocorrelation function
showed that the data sequence reached a stable state, and the
effect of white noise was eliminated (Figure 5).

Figure 5. Transfer function-noise model: tuberculosis and incidence rate of ACF and PACF in the whole population. ACF: autocorrelation function;

PACF: partial autocorrelation function.
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We found that the total illiteracy rate and average pressure at
each measuring station (in individuals aged 15-24 years) were
risk factors for TB incidence overall. Factors that protected
against TB incidence were the number of families with the
minimum living standard guarantee in urban areas, average
wind speed, number of patients with invasive TB discharged,
number of people with the minimum living standard guarantee
inrural areas, total health expenditure as a percentage of regional
GDP, being a single man (aged 0-14), number of hospitals,
number of health workers in infectious disease hospitals (for
those aged 25-64 years), amount of daily morning and evening
exercises, number of people with the urban minimum living
standard guarantee, and being a married woman (aged =65
years). The noise transfer-function model predicts that until
2035, theincidence of TB in male patients aged 0-14 and 15-24
yearswill increase, whilein femal e patients aged 0-14 and =265
years, the incidence will increase rapidly.

Discussion

Principal Findings

To our knowledge, this is the most comprehensive ecological
correlation and time seriestrend forecast analysesto investigate
the associations of ecological factorswith TB epidemic and the
secular trend of TB incidence. The ecological correlation
analyses demonstrated an overal limited influence of the
environmental and socioeconomic effectsand prediction onthe
TB epidemic. Incorporating these environmental and
socioeconomic conditionsinto time seriestrend forecast models
found that the TB incidence ratewill continueto increase among
mal e patients aged 0-24 years, femal e patients aged 0-14 years,
and female patients older than 64 years, which should be
considered as targeted populations to end the TB epidemic
before 2035.

Compared with the worldwide rate and those for high-income
countries, TB incidencein rural areas of Sichuan Province was
very high, which was supported by a significant increase risk
of TB infection among farmers compared with individualswith
other occupations and in clustering areas of ethnic minorities
in western and northeastern Sichuan [12]. Given that most
peopleresidein rural areasworldwide, more effective strategies
are needed to contain the TB epidemic.

Additionally, in China, the highest TB burden was found in
those aged >70 years, the same as our findings that they had
the peak TB incidence[22]; nevertheless, their incidence of this
disease will not grow fast. Meanwhile, male patients aged 0-24
years, femal e patients aged 0-14 years, and femal e patients ol der
than 64 years will have substantial growth by 2035 and take a
heavy TB burden. Because of health problems and risk factors
of chronic disease such as hypoimmunity, high systolic blood
pressure, and high total cholesterol, with greater longevity, may
predispose older adultsto TB [22,23]. Apart from social aging
and the above reasons, further national surveys to estimate the
latent reasons for the increasing incidence of TB in female
patients are required.

https://publichealth.jmir.org/2023/1/e40659
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Of note, therisk factorsfor TB incidence varied across different
ages. For children aged 0-14 years, we found that the proportion
reflected by thetotal health expenditure divided by the regional
GDP was associated with a decrease in the incidence of TB,
while an inverse association was observed in the population
older than 64 years. In-depth investigations need to reveal its
rolein TB incidence. In addition, a decrease in the number of
forest firesled to adecreasein TB incidence. Thisfinding was
inlinewith those of Chen et al [11], who reported an association
between decreased per capita living space and TB incidence.
Forest fires may lead to air pollution, causing more patients
with TB to seek diagnosis and treatment. Chen et al [11]
suggested that future studies should consider social factorssuch
as income and education. Furthermore, we found that in
individuals aged 15-24 years, thetotal illiteracy rate can predict
theincidence of TB.

For female individuals older than 64 years, daily morning and
evening exercise, the number of peoplewith the urban minimum
living standard guarantee, and marriage (for women) may reduce
the incidence of TB. Married women who do not require
assistance for extreme poverty may have better nutrition and
better health well-being [1,2], while the urban minimum living
standard guarantees and the aid of a spouse provides support to
seek TB treatment, especially for older persons (aged =65 years).
Collectively, social and environmental supportsalso help control
TB incidence in Sichuan.

Moreover, our findings did not support the protective role of
neonatal BCG vaccinationin TB incidence acrossall age groups.
Notably, delivering the neonatal BCG vaccination displayed a
negative correlation with TB incidence across all age groups,
principally inlinewith previousfindings[1,2]. Given that BCG
vaccines offer the best chance to contain the accel erating spread
of multidrug-resistant TB, more data are required to draw
definitive conclusionson itsrole in TB incidence.

Limitations

This study also has several limitations. First, we did not take
into account determinations of genetic predisposition,
treatments, treatment efficacy, and other ecological factors due
to limited data availability. Second, all data in this study was
obtained from Sichuan Province, and the results were subject
to theinherent limitations of an ecological study; thus, principal
findings may not be generalizable. Prospectively, further
long-term cohort studies with large sample sizes as well as
randomized controlled experimental studies are needed to
determine the causal relationships.

Conclusion

In conclusion, our study identifies a series of environmental
and socioeconomic conditions associated with TB incidence
through the most comprehensive ecologica analyses.
Incorporating these TB factorsinto the TFN model clarifiesthat
maleindividuals aged 0-24 years, femaleindividual saged 0-14
years, and female individuals older than 64 years are barriers
to the End TB Strategy in Sichuan, and provides new insights
into TB prevention and control strategies.

JMIR Public Health Surveill 2023 | vol. 9 | 40659 | p. 10
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE Wei et d

Acknowledgments

We appreciated Professor Jianwel Zhao and Professor Chuang Chen for help with the study design and writing, and Professor
Shujuan Yang, Professor Fangfang Zeng, and Dr Sui Zhu for revising the manuscript.

Data Availability

All data used in the analysis of this manuscript are freely available by contacting the corresponding author. Data are available in
a public open access repository, available on reasonabl e request.

Authors Contributions

RL and WW designed the study and searched the publications. WW and LX analyzed the data and wrote the Methods section.
JW wrote the Results section and checked all the data. ZZ and WZ wrote the Discussion section. All authors were responsible
for data synthesis and have read and approved the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Supplementary material.
[DOC File, 410 KB-Multimedia Appendix 1]

References

1.  Global tuberculosisreport 2021. World Health Organization. 2021. URL: https:.//www.who.int/publications/i/item/
9789240037021 [accessed 2021-10-14]

2. Global tuberculosis report 2020. World Health Organization. 2020. URL : https:.//www.who.int/publications/i/item/
9789240013131 [accessed 2020-10-15]

3. Efsen AMW, Panteleev AM, Grint D, PodlekarevaDN, Vassilenko A, Rakhmanova A, HIV/TB Study Group. TB meningitis
in HIV-positive patients in Europe and Argentina: clinical outcome and factors associated with mortality. Biomed Res Int
2013;2013:373601. [doi: 10.1155/2013/373601] [Medline: 24699884]

4.  Thwaites GE, Duc Bang N, Huy Dung N, Thi Quy H, Thi Tuong Oanh D, Thi Cam ThoaN, et al. The influence of HIV
infection on clinical presentation, response to treatment, and outcome in adults with Tuberculous meningitis. J Infect Dis
2005 Dec 15;192(12):2134-2141. [doi: 10.1086/498220] [Medline: 16288379]

5. Vinnard C, Macgregor RR. Tuberculous meningitisin HIV-infected individuals. Curr HIV/AIDS Rep 2009 Aug;6(3):139-145
[FREE Full text] [doi: 10.1007/s11904-009-0019-7] [Medline: 19589299]

6.  Thwaites GE, Nguyen DB, Nguyen HD, Hoang TQ, Do TTO, Nguyen TCT, et al. Dexamethasone for the treatment of
tuberculous meningitis in adolescents and adults. N Engl JMed 2004 Oct 21;351(17):1741-1751. [doi:
10.1056/NEJM 0a040573] [Medline: 15496623]

7.  Katrak SM, Shembalkar PK, Bijwe SR, Bhandarkar LD. The clinical, radiological and pathological profile of tuberculous
meningitisin patients with and without human immunodeficiency virusinfection. JNeurol Sci 2000 Dec 01;181(1-2):118-126.
[doi: 10.1016/s0022-510%(00)00440-8] [Medline: 11099721]

8.  Berenguer J, Moreno S, LagunaF, Vicente T, Adrados M, Ortega A, et al. Tuberculous meningitis in patients infected with
the human immunodeficiency virus. N Engl JIMed 1992 Mar 05;326(10):668-672. [doi: 10.1056/NEJM 199203053261004]
[Medline: 1346547]

9. Thwaites G, Chau T, Stepniewska K, Phu N, Chuong L, Sinh D, et a. Diagnosis of adult tuberculous meningitis by use of
clinical and laboratory features. Lancet 2002 Oct 26;360(9342):1287-1292. [doi: 10.1016/50140-6736(02)11318-3] [Medline;
12414204]

10. Cecchini D, Ambrosioni J, Brezzo C, Corti M, Rybko A, Perez M, et a. Tuberculous meningitisin HIV-infected and
non-infected patients: comparison of cerebrospinal fluid findings. Int J Tuberc Lung Dis 2009 Feb;13(2):269-271. [Medline:
19146759]

11. ChenW, ShuW, Wang M, Hou Y, XiaY, Xu W, et al. Pulmonary tuberculosis incidence and risk factorsin rural areas of
China: a cohort study. PLoS One 2013;8(3):€58171 [FREE Full text] [doi: 10.1371/journal.pone.0058171] [Medline:
23554875]

12. XiaY, Li T, Wang DX, He JG, Zhang PR. Tuberculosis epidemic status in Sichuan Province during 2004 and 2014 and
trend prediction. J Prev Med Inf 2015;12(1):946-949.

13. Xial, ZhuS, ChenC, Rao Z, XiaY, Wang D, et al. Spatio-temporal analysis of socio-economic characteristicsfor pulmonary
tuberculosis in Sichuan province of China, 2006-2015. BMC Infect Dis 2020 Jun 22;20(1):433 [FREE Full text] [doi:
10.1186/s12879-020-05150-z] [Medline: 32571231]

https://publichealth.jmir.org/2023/1/e40659 JMIR Public Health Surveill 2023 | vol. 9 | e40659 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v9i1e40659_app1.doc&filename=3f32210be6bce843b345f4b7eb44cc6e.doc
https://jmir.org/api/download?alt_name=publichealth_v9i1e40659_app1.doc&filename=3f32210be6bce843b345f4b7eb44cc6e.doc
https://www.who.int/publications/i/item/9789240037021
https://www.who.int/publications/i/item/9789240037021
https://www.who.int/publications/i/item/9789240013131
https://www.who.int/publications/i/item/9789240013131
http://dx.doi.org/10.1155/2013/373601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24699884&dopt=Abstract
http://dx.doi.org/10.1086/498220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16288379&dopt=Abstract
https://europepmc.org/abstract/MED/19589299
http://dx.doi.org/10.1007/s11904-009-0019-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19589299&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa040573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15496623&dopt=Abstract
http://dx.doi.org/10.1016/s0022-510x(00)00440-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11099721&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199203053261004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1346547&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(02)11318-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12414204&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19146759&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0058171
http://dx.doi.org/10.1371/journal.pone.0058171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23554875&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05150-z
http://dx.doi.org/10.1186/s12879-020-05150-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32571231&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Wei et d

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Im C, Kim Y. Spatial pattern of tuberculosis (TB) and related socio-environmental factors in South Korea, 2008-2016.
PL0S One 2021;16(8):e0255727 [FREE Full text] [doi: 10.1371/journal.pone.0255727] [Medline: 34352032]

Pawlowski A, Jansson M, Skéld M, Rottenberg ME, Kallenius G. Tuberculosis and HIV co-infection. PLoS Pathog 2012
Feb;8(2):1002464 [FREE Full text] [doi: 10.1371/journal.ppat.1002464] [Medline: 22363214]

Park J, Kwon J, Kim T, Heo J. Future inflow simul ation considering the uncertainties of TFN Model and GCMs on Chungju
Dam Basin. J Korea Water Resources Assoc 2014 Feb 28;47(2):135-143. [doi: 10.3741/jkwra.2014.47.2.135]

Yi M, Lee K. Transfer function-noise modelling of irregularly observed groundwater heads using precipitation data. J
Hydrology 2004 Mar;288(3-4):272-287. [doi: 10.1016/j.jhydrol.2003.10.020]

LiuY, Zhu J, Liu X, Li X. Application of transfer function-noise model in the prediction of child mortality rate under age
5in China. Chin J Obs/Gyne Pediatr 2008;4(2):25-27.

Liwel J, Tong W, Weigi W. The transfer function model and its application in hospital businessincome. Modern Prev Med
2007;34(20):3858-3564.

Bierkens MFP, Knotters M, van Geer FC. Calibration of transfer function-noise modelsto sparsely or irregularly observed
time series. Water Resources Res 2010 Jul 09;35(6):1741-1750. [doi: 10.1029/1999wr900083]

Chen X, Dong X, Wang S, Yang Z, Li M, Wang Y. Time series analysis of reported incidence of tuberculosisin Guangzhou
from 1997 to 2009. Chin J Health Stat 2011;28(5):548-552.

Zhu S, Xial, YuS, Chen S, Zhang J. The burden and challenges of tuberculosisin China: findings from the Global Burden
of Disease Study 2015. Sci Rep 2017 Nov 06;7(1):14601. [doi: 10.1038/s41598-017-15024-1] [Medline: 29097809]
China Statistical Yearbook. National Bureau of Statistics of China. 2016. URL : http://www.stats.gov.cn/tjsj/ndsj/2016/
indexch.htm [accessed 2022-12-19]

Abbreviations

ARIMA: autoregressive integrated moving average
DW: Durbin-Watson

GDP: gross domestic product

TB: tuberculosis

TFEN: transfer function-noise

Edited by A Mavragani; submitted 01.07.22; peer-reviewed by T Li, S Sargjloo, M Wambura; comments to author 12.09.22; revised
version received 04.10.22; accepted 01.12.22; published 13.01.23

Please cite as:

Wei W, Xia L, Wu J, Zhou Z, Zhang W, Luan R

The Environmental and Socioeconomic Effects and Prediction of Patients With Tuberculosis in Different Age Groups in Southwest
China: A Population-Based Study

JMIR Public Health Surveill 2023;9:e40659

URL: https://publichealth.jmir.org/2023/1/e40659

doi: 10.2196/40659

PMID: 36456535

©Wen Wei, Lan Xia, Jianlin Wu, Zonglei Zhou, Wengiang Zhang, Rongsheng Luan. Originally published in IMIR Public Health
and Surveillance (https://publichealth.jmir.org), 13.01.2023. 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, alink to the original publication on https://publichealth.jmir.org, as well as this
copyright and license information must be included.

https://publichealth.jmir.org/2023/1/e40659 JMIR Public Health Surveill 2023 | vol. 9 | e40659 | p. 12

RenderX

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pone.0255727
http://dx.doi.org/10.1371/journal.pone.0255727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34352032&dopt=Abstract
https://dx.plos.org/10.1371/journal.ppat.1002464
http://dx.doi.org/10.1371/journal.ppat.1002464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22363214&dopt=Abstract
http://dx.doi.org/10.3741/jkwra.2014.47.2.135
http://dx.doi.org/10.1016/j.jhydrol.2003.10.020
http://dx.doi.org/10.1029/1999wr900083
http://dx.doi.org/10.1038/s41598-017-15024-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29097809&dopt=Abstract
http://www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm
http://www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm
https://publichealth.jmir.org/2023/1/e40659
http://dx.doi.org/10.2196/40659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36456535&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

