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Abstract

Background: Tuberculosis (TB) is still a serious health problem with a remarkable global burden. In this study, we aimed to assess
the trend of TB mortality in Asian and North African countries in the period 1990-2017 and provide a mew classification according to
TB mortality trend.

Methods: TB mortality rates from 1990 to 2017 were extracted from the Global Burden of Disease website for 55 Asian and North
African countries. Trend analysis of TB mortality rates for males, females, and the total population was performed using the marginal
modeling approach. Moreover, the latent growth mixture modeling (LGMM) framework was applied to classify these 55 countries
based on their trend of TB mortality rate.

Results: In the period between 1990 and 2017, South Asia and High Income Asia-Pacific regions had the highest and lowest death
rates due to TB, respectively. The marginal modeling results showed that the Asian and North African countries had experienced a
downward trend with an intercept of 28.79 (95%CI: 19.64, 37.94) and a slope (mean annual reduction) of -0.67 (95%CI: -0.91, -0.43)
per 100,000 the study period. Finally, the LGMM analysis classified these 55 countries into four distinct classes.

Conclusion: In general, our findings revealed that although the countries in Asia and North Africa super region experienced a
descending TB mortality trend in the past decades, the slope of this reduction is quite small. Also, our new classification may be better
suited for combating TB through future healthcare planning in lieu of the commonly used geographic classifications.
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Introduction

Tuberculosis (TB), with a long history of about 3000
years, is still a major health problem in human communi-
ties. Based on th e World Health Organization (WHO)
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reports, Mycobacterium tuberculosis is responsible for TB
bacterial infection in more than one-third of the global
population. It might lead to latent tuberculosis, while the

1What is “already known” in this topic:

The trend of TB burden has already been investigated in
different parts of the world by other researchers. Generally,
these researchers have used the reported statistics by the WHO
or GBD and the other data sources and revealed that the global
prevalence, incidence and mortality rates of TB had a
downward trend in the recent decades.

— What this article adds:
In the present study, we used more advanced statistical

methods to model the mortality trend of TB in Asia and North
Africa. We also presented a new classification framework for
these countries based on their TB mortality rate trend using
growth mixture modeling approach.
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risk of getting TB disease in the whole life is low (1, 2). In
the first decade of the 21st century, this disease was rec-
orded in the top ten causes of death around the world (3).
In contrast, a more recent detailed study on the burden of
disease has revealed that the rank of TB moved to 11"
among the major causes of mortality (4). Since 2000 a
remarkable decrease in the prevalence rate of TB has been
observed in different Asian regions as well as a decline in
mortality rate with a steeper slope (5). The United Nations
Millennium Development Goals (MDGs) are set to war-
rant a reverse tendency in the incidence of TB, in addition
to the halved prevalence and mortality rates by 2015 com-
pared to 1990 (6). Although South-East Asia, Western
Pacific, Africa and the Eastern Mediterranean WHO re-
gions still experience the high burden of TB, prevalence
and mortality rates seem to decrease in all WHO regions
and it is likely that the Eastern Mediterranean, the Ameri-
cas and South-East Asia meet the MDG targets too (7-9).

According to the published reports, the human immuno-
deficiency virus (HIV) is still a key element of the global
TB control program, especially in low-income countries.
In the year 2014, for instance, the WHO estimated 9.6
million TB cases around the world, with 1.2 million co-
infected with HIV and 1.5 million deaths from TB includ-
ing 1.1 million without HIV infection (4, 10-11). Some
previous studies have indicated that the relative risk of
developing TB in HIV positive persons is 20 to 37 times
higher than the HIV uninfected persons; therefore, TB is
the primary cause of mortality for those infected with HIV
(8, 12-16). In Africa, TB control program progression is
prolonged due to the high burden of HIV coinfection in
this region (17). Using recommended Isoniazid Preventive
Therapy (IPT) for treating HIV positive persons is an ex-
ample of global efforts for the reduction of TB infection
(18, 19). In addition to IPT, TB preventive therapy is used
for cancer patients undergoing chemotherapy treatment
with a high risk of developing TB. In this context, diabe-
tes is another health problem with a serious impact on the
risk of mortality during TB treatment (20, 21).

There are some evidence about the effects of TB on
poverty by reduction of patients’ physical activities and
loss of adults’ working age at the microeconomic level.
These studies have emphasized macroeconomic level ef-
fects of TB by productivity reduction, family investment
decreasing for longer-term payoff activities such as educa-
tion, and increasing the portion of health expenditures of
Gross Domestic Product (GDP) (17, 22-25). Therefore,
TB is known as the “disease of the poor” with a high im-
pact on poor families in low-income communities. The
Asia continent includes seven countries as the member of
the top 22 countries with high TB burden (26). Although
there is no epidemic situation of TB in this region, the
Asian countries are commonly faced with situations such
as poverty, civil war, malnutrition and huge numbers of
illegal refugees imposing a considerable variability of TB
burden. Regarding this, estimating the trend of TB burden
indices and determining related factors with TB burden in
this region is of great importance.

In recent decades, the Latent Growth Mixture Models
(LGMMs) have frequently been used in the analysis of
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longitudinal data. This family of statistical models enables
us to incorporate the possible heterogeneity of outcome
growth trends and also classify sampling units into dis-
tinctive subpopulations based on their growth trajectories.

In our literature search, we found several reports about
the burden of TB in different parts of the world. However,
we found no published article about advanced statistical
modeling of TB burden trends and classification of Asian
countries based on these trends. Regarding this, we de-
signed the present study to evaluate the trend of TB Mor-
tality Rates (TBMRs) in Asian and North African coun-
tries using the data from Global Burden of Disease (GBD)
2017 study and introduce a mew classification for these
countries based on their TB mortality trends. This new
classification can be more meaningful than geographic
classification introduced by the United Nations, World
Health Organization or Institute for Health Metric and
Evaluation (IHME) because it examines the heterogeneity
of TBMRs in all Asian and North African countries and
also classifies these countries into subpopulations based
on their TB mortality growth trajectories (trends). For this
purpose, two appropriate statistical modeling approaches
for trend analysis (i.e., marginal models and LGMMs)
were employed.

Methods

Database

Two distinct primary sources of TBMRs are accessible;
the WHO TB burden estimates (27) and the GBD database
(28). Estimates of TB incidence and mortality rates by the
WHO are based on vital registration systems and verbal
autopsy studies, while GBD estimates contain information
from four potential sources of data, including annual case
notifications, expert judgment on the case detection, prev-
alence surveys and cause of deaths data, which makes
them more appropriate than WHO estimates. The GBD
annually updates about 240 causes of death as well as the
standard population of the world countries and territories
to provide more reliable and accurate data. Generally,
GBD uses a complicated country/region-based methods
for computing age standardized rates. In brief, the GBD
hierarchically utilized the data from seven super-regions,
21 regions nested within those super-regions, and 195
countries or territories within the 21 regions. In this pro-
cess, five types of data sources (Vital Registration sys-
tems, sample registration systems, household surveys,
censuses and Demographic Surveillance Sites) are em-
ployed to estimate the age-specific mortality as well as
standard population and fertility by age, sex and year for
195 countries and territories as the denominator of the
age-standardized rates. To do this, the GBD uses different
advanced statistical and epidemiological methods such as
mixed effects, patio-temporal regression models and so on
to generate more proper rates. More details about the
GBD estimation methods could be found elsewhere (5,
29).

A list of fifty five Asian and North African countries
and their geographical regions were extracted according to
the IHME database. In this database, countries are classi-
fied into six different geographic regions: Central Asia
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(including 9 countries), East Asia (including 3 countries),
South-East Asia (13 countries), Southern Asia (including
5 countries), North Africa and Middle East (including 21
countries) and High Income Asia-Pacific (including 4
countries). In the present research, the age-standardized
TBMRs from 1990 to 2017 (per 100,000) for each Asian
and North African country were assembled using the data
from GBD 2017 study.

Trend analysis using the marginal models

To analyze the trend of TBMR, the marginal modeling
framework was utilized. More formally, the following
marginal model was applied for trend analysis in which S,
and f; are, respectively, the intercept and slope of the
TBMR trend:

Vi = Bo + Bitime, + &,

where y;; indicates the TBMR for ith country (i =
1,2, ...,55) in tth time of measurements (t = 0, 1, ...,27 as
an indicator for year = 1990,1991, ...,2017). As usual,
& represents the model residual. In addition, to assess
the gender effect on TBMR, the following marginal model
was fitted:
Yei = Bo + Bitime, + Bogender + &,

where gender is a binary variable (O=female, 1=male)
and (3, indicates the gender effect on TBMR. It should be
noted that in the modeling process, we also included the
interaction term in the model. Since this interaction term
was not significant, the model was fitted only with the
main effects of time and gender variables.

The model parameters were estimated using the unstruc-
tured working correlation matrix, which had the best fit
indices, and Generalized Estimating Equations (GEE)
methodology. We also used the QIC and QICC indices to
assess the model fit; so that the model with the lowest fit
indices was considered as the best model. The standard
errors of the parameter estimates were calculated using the
robust estimation method (30).

The SPSS software version 22.0 was used to fit the
marginal models. P-values less than 0.05 were considered
statistically significant.

Clustering the countries using the LGMMs
Latent growth mixture models are statistical tools that
enable data analysts to take into account the heterogeneity
in the growth trajectories and classify the sampling units
into different classes. In the present study, the LGMMs
were used to identify different classes of countries with
analogous TBMR trends over the study period. To deter-
mine the k™ (k = 1, ..., K) latent subgroup, the following
equations can be written using the usual LGMM frame-
work:
Yie = Mio + N AL + £i;
% = 1do + €5
My = o + &3

where &, and n¥, represent the overall mean level of
the TBMR at the starting point of the study and its average

rate of change over time (1990-2017) in the k™ class, re-
spectively (31). To simplify the model fitting process, the
S-year intervals of TBMR data were considered in addi-
tion to the ending year of the study (years 1990, 1995,
2000, 2005, 2010, 2015, and 2017). We started to run the
LGMMs with two subgroups (k = 2) and increased the
number of classes one by one and checked the related in-
dices in each step to find an optimal number of subgroups
(optimal number of k). In this context, we conducted a
series of tests for the adequacy of reduced models with
respect to the number of classes. The parametric Boot-
strapped Likelihood Ratio Test (BLRT), AIC, and BIC
goodness of fit indices were commonly used to determine
the optimal number of latent classes. Also, according to
some related texts, cluster sample sizes greater than 1% of
the total sample size and the entropy statistic close to 1.0
shows a proper fit for LGMMs. (31).

The Mplus software version 6.0 was used to fit the
LGMMs, and the determined classes of the Asian and
North African countries were illustrated in color-coded
geographical maps using the ArcMap software version
9.3. P-values less than 0.05 were considered statistically
significant.

Results

Generally, the TBMR data per 100,000 people in 55
Asian and North African countries from 1990 to 2017 was
studied. Table 1 shows the descriptive statistics for TB
mortality rates in different IHME regions by gender. In
addition, Figure | displays the mean trend of TBMRs in
the described regions for both genders.

Regarding Table 1 and Figure 1, one can observe that
all the regions had a decreasing trend of TBMR over the
study period, except Central Asia, which had an increas-
ing trend during the years 1990 to 1999 followed by a
decreasing trend until the ending point of the study.
Moreover, countries in South and South-East Asia had the
highest mortality rates in the starting point of the study.
These two Asian regions have also experienced the steep-
est downward slope during the study period. On the other
hand, countries in High Income Asia-Pacific, Middle East
& North Africa and East Asia regions have experienced
the smallest starting point and downward slope of TBMR
in the period 1990- 2017.

Figure 2 displays the observed mean TBMR trend per
100,000 for male, female and total population of Asian
and North African countries. In the next step of the data
analysis, we fitted the illustrated marginal model in the
Methods section to inference about the trend of TBMRs
from 1990 to 2017. Table 2 shows the obtained estimates.
For the total population, the estimated intercept of 28.79
tells us that these 55 countries had a mean TBMR about
29 per 100,000 in 1990. Besides, the estimated slope of -
0.67 means that Asian and North African countries had an
annual reduction of less than 1 person per 100,000 (more
accurately 6.7 per million) in the study period. The esti-
mated parameters for males and females can be interpret-
ed similarly. As can be observed, the mean TBMR in
males had a higher intercept and sharper declining slope
than females in this 28-year period.
http://mjiri.iums.ac.ir
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Table 1. Descriptive statistics for TB mortality rates (per 100000 people) in different Asian and North African regions by gender from 1990 to 2017

Region Gender 1990 1995 2000 2005 2010 2015 2017
Central Asia’ Male  16.88(7.03) 2528 (13.18) 28.14(13.98) 23.98(10.54) 15.75(5.16)  11.64(495)  10.92 (4.45)
Female  7.89 (6.53) 9.64(7.18)  10.14(6.18)  8.49 (4.61) 5.81(3.23) 437 (2.75) 4.10 (2.58)
Total  11.95(639)  1684(8.79)  18.54(8.85)  1575(692) 1046 (3.99)  7.76 (3.69) 729 (3.37)
East Asia® Male 2091 (4.93)  17.36(2.04)  1547(3.83)  11.74(6.66)  8.46 (6.64) 7.17 (6.41) 6.88 (6.13)
Female  9.29(3.92) 7.40 (1.97) 6.26 (2.34) 4.84(332) 3.61(3.35) 3.03 (3.08) 278 (2.92)
Total  1453(4.10)  11.88(1.70)  10.19(1.90)  7.67 (4.03) 5.57 (4.31) 472 (4.20) 4.52 (4.04)

South-East Asia’ Male

82.73 (60.29)  72.84 (5639)  63.31(51.99) 50.52(42.37) 39.35(33.10) 29.93 (24.78) 2735 (22.50)
Female 46.86(38.25) 39.34(34.15) 32.18(28.95) 23.74 (21.37) 17.16(15.12)  12.73(10.96)

11.63 (9.96)

Total 63.38 (48.02)  54.62(44.01) 46.27(39.14) 35.81(30.76) 27.04(23.08) 20.34 (17.06)  18.57 (15.51)

South Asia* Male

8637(25.00) 7678 (2231)  63.77(25.18) 4831(23.10) 37.32(20.82) 30.26 (16.84)  27.95 (15.78)

Female  59.43(26.25) 53.75(22.82y 44.31(21.19) 33.87(18.72) 25.41(15.53) 20.14(12.90) 1846 (12.01)
Total 73.68 (21.95) 6596 (18.76)  54.54 (20.91)  41.37(19.58) 31.48(17.26) 25.23(14.37) 23.22(13.50)

North Africa & Middle East® ~ Male 1345 (1437) 11.37(13.44)  9.16(12.57)  7.34(11.16)  5.72 (8.61) 446 (6.61) 4.16 (6.14)
Female 10.17(14.05)  8.51(12.36)  6.70(10.54)  5.33(8.90) 4.08 (6.91) 3.16 (5.45) 2.92 (5.06)

Total  11.85(14.25) 9.99(12.97)  7.80(11.63)  6.36(10.08)  4.92(7.77) 3.83 (6.02) 3.56 (5.59)

High Income Asia-Pacific Male 1921 (19.84) 1343 (13.09)  10.56 (10.59)  7.01 (6.69) 5.02 (4.67) 4.27(3.91) 4.09 (3.76)
Female  7.17(7.35) 5.20(5.27) 4.05 (4.04) 2.94 (2.93) 2.30 (2.41) 2.02(2.22) 1.98 (2.21)

Total  12.04(12.02)  8.51(8.21) 6.59 (6.44) 4.53 (4.36) 3.37(3.28) 2.92 (2.90) 2.83 (2.84)

Total Male  37.84 (44.83)  34.60 (40.45) 3047 (36.38) 2421 (29.44) 1828 (23.04) 14.13(17.65)  13.05(16.11)
Female 22.69(29.15) 19.80 (25.56) 1649 (21.44) 12.59(16.32)  9.24(12.07)  7.07(9.23) 6.51 (8.46)
Total  29.83 (36.09) 26.75(32.03) 23.01(27.92) 17.98 (22.02) 1339 (16.79) 1030 (12.83)  9.50 (11.74)

!Central Asia (9 Countries): Mongolia, Georgia, Armenia, Azerbaijan, Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan

2East Asia (3 Countries): China, North Korea, Taiwan

3South-East Asia (13 Countries): Sri Lanka, Cambodia, Thailand, Viet Nam, Timor-Leste, Seychelles, Malaysia, Myanmar, Maldives, Philippines, Indonesia, Laos,

Mauritius
“South Asia (5 Countries): Bangladesh, Bhutan, India, Nepal, Pakistan,

*North Africa & Middle East (21 Countries): Bahrain, Iraq, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, State of Palestine, Syrian Arab Republic, Turkey,
United Arab Emirates, Yemen, Iran (Islamic Republic of), Afghanistan, Algeria, Egypt, Libya, Morocco, Tunisia, Sudan

®High Income Asia-Pacific (4 Countries): Brunei, Japan, South Korea and Singapore

We also fitted a model including the gender effect to

50,000 Region
-~ High Income Asia-Pacific
[ _North Africa and Middie
East
f— South Asia
== South East Asia
- -Central Asia
[~ -East Asia

60.000

40.000

20000

Mean Mortality Rate Per 100,000

000

Fig. 1. TB mortality trend in different Asian and North African re-
gions from 1990 to 2017

40000

---- Male
| — -Female
—Both

30.000-

20000

Mean Mortality Rate Per 100,000

10,000

000

Fig. 2. TB mortality trend for male, female and total population of
Asia and North Africa from 1990 to 2017
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test the TBMR difference between men and women. The
estimated parameter for the gender effect was -11.66
(SE=1.96), which indicated that mean TBMR in the male
population was about 12 per 100,000 higher than females
(p<0.001).

In the last step of data analysis, the described LGMM in
the Methods section was fitted to the TBMR data in order
to classify the Asian and North African countries accord-
ing to their mean trends over the study period. Table 3
shows the obtained estimates for different LGMMSs with 1
to 5 classes. Concerning the AIC and BIC values, one can
conclude that the goodness of fit indices tend to be more
appropriate with increasing the number of classes from 1
to 5. Regarding this improvement in AIC, BIC, and BLRT
p values, one may suggest that increasing the number of
classes (even more than 5-class) will result in a better fit.
However, when we divide the countries into five or more
classes, a small number of countries appear in some of
them. For instance, (in the 5-class LGMM, the first class
consists of only one country). Therefore, we decided to
consider the 4-class LGMM as the best choice for classi-
fying the countries. Figure 3 represents the estimated
mean trend of TBMRs for this 4-class LGMM.

Table 4 presents the estimates from the fitted 4-class
LGMM. The interpretation of the results can be performed
in terms of the estimated parameters and time scores.
More formally, countries in class III (mostly including
South and South-East Asian countries) had the highest
mean TBMR in the year 1990 (104.25 per 100,000).
These countries have experienced a rather sharp reduction
in TBMR after the starting year of the study (especially
between 2000 and 2015). Countries in class IV had the
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Table 2. Marginal modeling estimates for trend analysis of TB mortality rates (per 100,000) in Asian and North African countries from 1990 to 2017

Gender Parameter Estimate 95%CI P
Male Intercept 37.85 (26.11, 49.59) <0.001
Slope -0.92 (-1.21,-0.63) <0.001
Female Intercept 22.62 (15.02,30.22) <0.001
Slope -0.60 (-0.82,-0.38) <0.001
Total Intercept 28.79 (19.64,37.94) <0.001
Slope -0.67 (-0.91, -0.43) <0.001

Table 3. Goodness of fit indices for LGMMSs with different number of classes fitted to TB mortality rates in total population of Asian and North Afri-

can countries

Model AIC BIC Entropy P-value (BLRT) Class Membership
1-Class LGMM 2013.77 2047.90 - - 55
2-Class LGMM 1922.63 1972.82 1.000 <0.001 7,48
3-Class LGMM 1847.46 1913.70 0.976 <0.001 38,8,9
4-Class LGMM 1792.51 1874.81 0.998 <0.001 35,8,7,5
5-Class LGMM 1756.88 1855.24 0.999 <0.001 1,8,5,6,35
120
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Fig. 3. Estimated TB mortality trends from the 4-class LGMM in Asia and North Africa from 1990 to 2017

second highest intercept (64.70 per 100,000). Countries in
this class have experienced the sharpest decreasing slope
(-9.13 per 100,000) in the study period. Countries in class
II (mostly including Central Asian countries) have a rather
low intercept in the starting year of the study (20.42 per
100,000), then experienced an upward trend until the year
2000, followed by a downward trend until the ending year
of the study. Class I contains 35 Asian and North African
countries (mostly including Middle-East, East Asia and
High Income Asia-Pacific countries) with the lowest
TBMR in 1990 (12.42 per 100,000) and a relatively low
declining slope between 1990 and 2017.

The obtained results from the LGMM approach in Table
4 can also be interpreted according to the estimated time
scores. In Class II, for instance, the countries had an esti-
mated TBMR of 20.42 in the year 1990 (estimated inter-
cept), then had a decreasing pattern so that the estimated
TBMR in the year 1995 is

Intercept + (slope x time score)= 20.42 + (-1.43 x 1.0)=
18.99

For year 2000, the estimated TBMR is
Intercept + (slope x time score)= 20.42+(-1.43 x (-
0.5))=21.135

Likewise, the estimated TBMR for years 2005, 2010,
2015, and 2017 would be 17.99, 12.13, 9.41 and 8.98 per
100,000, respectively. According to the free time scores,
similar calculations can be performed to estimate the
TBMR in other classes.

Figure 4 displays the geographical distribution of
TBMR according to the determined classes based on the 5
LGMM analysis.

Discussion

Global efforts to control TB around the world initiated
in the early 1990s by the WHO declaration of TB as a
global emergency and introducing “Directly Observed
Therapy, Short-course: DOTS” as a new treatment proto-
col (32). United Nations’ Millennium Development Goals
(MDGs) intensified worldwide efforts to halve TB inci-
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Table 4. Results of 4-class LGMM for clustering Asian and North African countries based on TB mortality rate

Class No. of countries Parameter Est. 95%Cl p Time score
(1990, 1995, 2000, 2005, 2010, 2015, 2017)
I 35 Intercept 12.42 (7.78,17.07) <0.001 (0.0,1.0,2.6,3.9,4.8,5.2,5.3)
Slope -1.82 (-2.76, -0.88) <0.001
I 8 Intercept 20.42 (15.91, 24.93) <0.001 0.0, 1.0, -0.5, 1.7, 5.8, 7.7, 8.0)
Slope -1.43 (-2.02,-0.84) <0.001
111 7 Intercept 104.25 (84.77,123.73) <0.001 (0.0,1.0,2.2,4.2,59,7.2,7.6)
Slope -8.99 (-12.48,-5.50) <0.001
v 5 Intercept 64.70 (53.98,75.42) <0.001 (0.0,1.0,2.0,2.9,3.9,4.5,4.7)

Slope -9.13

(-12.01, -6.25) <0.001

Class I: Algeria, Armenia, Bahrain, Bangladesh, Bhutan, Brunei, China, Egypt, Georgia, Iran, Iraq, Japan, Jorden, Kuwait, Lebanon, Libya, Malaysia, Maldives, Mauri-
tius, Oman, Palestine, Qatar, Saudi Arabia, Seychelles, Singapore, South Korea, Sri Lanka, Sudan, Syria, Taiwan, Thailand, Tunisia, Turkey, United Arab Emirates and

Yemen.

Class II: Azerbaijan, Kazakhstan, Kyrgyzstan, Mongolia, North Korea, Tajikistan, Turkmenistan and Uzbekistan.

Class III: Cambodia, India, Indonesia, Laos, Myanmar, Pakistan and Philippines.
Class IV: Afghanistan, Morocco, Nepal, Timor Lest and Vietnam.

Legend

[ ] classt
[ |cass2
B cass:
B ciass4

Fig. 4. Geographical map of Asian and North African countries based on their TBMR trends from 1990 to 2017

dence, prevalence, and mortality rates by 2015 (6, 33).
Despite the success of these global attempts in reducing
the TB burden, more than half of all TB cases have been
identified in Asia. Unfortunately, seven Asian countries
(including Afghanistan, Bangladesh, India, Pakistan, Phil-
ippine, Thailand and Vietnam) are announced on the list
of the 22 high TB burden countries. Additionally to, four-
teen Asian countries included in the 27 high MDR TB
burden countries (26).

In this study, a linear growth model was fitted to specify
the trend of TBMR for total Asian and North African
countries from 1990 to 2017. The obtained results from
the fitted model showed a negative linear slope of -2.58
for the entire population under the study. This finding
revealed that the mean TBMR decreases about 9% every
five years in Asian and North African countries. In
agreement with the other researches in different parts of
the world, our findings showed that men had higher
TBMRs compared to women (34, 35). Some related fac-
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tors such as smoking and the amount of cigarette smoking,
outdoor air pollution, alcohol, and drug use have been
reported to be responsible for the excess burden of TB
mortality in men (34-36). In addition, poorer access of
females to health care services compared to males in some
parts of this region might be a reason for underestimating
TB incidence, prevalence and mortality rates among fe-
males (13, 34).

According to the obtained results in the present study,
the decrease in TBMRs in South and South-East Asia re-
gions appeared to be faster than the other Asian and North
African regions. Based on other studies in this field, it has
been suggested that the TB control programs success in
different countries in the South and East of Asia might be
attributed to socioeconomic improvement, urbanization
and rapid economic growth in some countries such as In-
dia (36). Moreover, some researches have declared that
poor sanitation and hygiene, areas with high population
density and significant movement of migrant peoples (be-
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cause of civil war, socioeconomic conditions and so on)
represent TB hotspots in the other regions (37, 38).

An increase in mean trend of TBMR was observed in
the last decade of the twentieth century, followed by a
decrease in the trend by the end of study in Central Asia
region. There are some reasons for the raised mean TBMR
between 1990 and 2000 in this region. Primarily, different
surveys have suggested the former Soviet Union as one of
the focal points of the Multi Drug Resistance Tuberculosis
(MDR-TB). Destruction of health care system and paraly-
sis of the TB control system added to the decline of socio-
economic status were consequences of the Soviet Union
collapse (39-41). Also, Turkmenistan, Uzbekistan and
Tajikistan have long borders with their southern neighbor
Afghanistan (one of 22 high TB burden countries) putting
them at the forefront of the Afghanistan war. Transmis-
sion and immigration from Afghanistan to these countries
could be considered as another reason for the high TB
burden in Central Asia (42).

From Figure 1, the observed trends for North Africa and
Middle East, East and High Income Asia-Pacific show a
gentle decreasing slope for these three regions. In these
regions, a rather low intercept at the beginning year of the
research for TBMR may be the main reason for this gentle
reduction during the study period. In fact, this low inter-
cept do not allow a sharp decrease in mortality rates in the
above mentioned regions.

Simple descriptive statistics about the trend of TBMRs
in different Asian and North African countries show a
high variation (heterogeneity) among them. Therefore, we
used the LGMMs to determine different clusters according
to trends of TBMRs over the study period. For all Asian
and North African regions, we showed that a 4-class
LGMM with linear growth trend may be a proper choice
for clustering the countries according to their TBMR
trends.

As illustrated in the results section, the class III (which
mostly includes South and South-East Asian countries
such as India, Indonesia and Pakistan) had the highest
TBMRs and a relatively sharp decreasing trend during the
study period. According to recent reports by the WHO in
year 2019, India, Indonesia and Pakistan have known as
top 5 countries with the highest TB incidence cases
throughout the world. Although about one-third of the
global TB burden is attributed to India, more accurate
results of TB burden will be available from the national
TB prevalence survey planned for 2019/2020 (43).

Class IV is related to countries in different parts of Asia
and North Africa with the second highest rate at the start-
ing point of the study and the highest decreasing slope
over years 1990-2017. Naming this class and discussion
about its TBMR trend seems to be complicated due to the
geographical variation and lack of published research
about burden of TB in the countries of this class. Howev-
er, the dramatic reduction in TB mortality in Afghanistan
might be attributed to improving access to TB services by
decentralization of diagnostic services, promoting com-
munity-based case-finding approaches and development
of policies, regulatory frameworks, and strategies after the
fall of Taliban regime. In Vietnam, the National Tubercu-

losis Control Programme (NTP), which was conducted
based on the principles of Directly Observed Treatment,
Short-Course (DOTS) is one of the key governmental ac-
tions in controlling the burden of TB (44). Moreover, the
Center for Disease Control (CDC) started to support Vi-
etnam’s NTP to screen, treat and prevent TB, HIV-
associated TB, and multidrug-resistant TB since 1997
(45). Similar activities by the health systems might be
considered as a justification for this sharp reduction in
TBMR in these countries.

Countries in class II (Mostly including Central Asian
countries) showed a mild increase in TBMRs until year
2000 and then had a decreasing trend until the end of the
study. Most of the countries in this class were under the
territory of the former Soviet Union. The collapse of the
Soviet Union in 1991 and weakening the health systems in
newly independents republics is the main reason for the
upward trend from 1990 to 2000 (39, 40).

Countries in class I (mostly including Middle East and
North African, Eastern and High Income Asia-Pacific
countries) displayed the lowest intercept and a fairy slow
downward trend during the study period. Again, the diver-
sity of regions in this class makes the discussion very dif-
ficult. However, the lower values of TBMR in these coun-
tries could be attributed to better nationwide expansion of
DOTS and decentralized DOT'S services from hospitals to
health centers in most countries of this class (46, 47).

Generally, there was a significant difference in TBMRs
in males and females at the starting point of the study,
while we found no significant difference between the
slopes of trends. This leads to rather parallel (but not coin-
cident) trends for males and females. It is not a surprising
finding, because it was generally known that TB is more
incident in males than females and values between 1.5 and
2.0 have been previously reported for global M:F ratios (9,
43). In year 2017, for instance, nearly 6 million adult men
contracted TB while this disease was diagnosed for about
3.2 million adult women (48). Consequently, higher TB
incidence in men leads to higher mortality and this fact
could be thought as a justification for the presence of dif-
ferent patterns for TB mortality in male and female popu-
lations.

The major limitation of this study was small sample size
in some regions and lack of regular TB data in some coun-
tries. Lack of reliable and accurate TBMR data for these
countries due to their healthcare system weaknesses was
another limitation of our study. However, we believe that
the GBD data sets are the most reliable and comprehen-
sive data in this field. Applying advanced and powerful
longitudinal models for analyzing the data is a strength
point of the present study.

In this study we used two well-known statistical models,
i.e. marginal models and LGMMs, to analyze the trend of
TBMR data and cluster the Asian and North African coun-
tries according to their TBMR pattern over the study peri-
od. In this context, there are a number of alternative statis-
tical models which could be used for the same purposes.
For instance, random effects and transition models are two
alternatives for the marginal models. In addition, the spa-
tio-temporal models could be used for clustering the coun-
http://mjiri.iums.ac.ir
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tries based on their trend of TBMR instead of the applied
LGMMs. In the present study, we did not aim to compare
these alternative models using the real data or simulation
approaches. Regarding this, we cannot claim that the uti-
lized models in this research are the best choices, however
we believe that marginal models and LGMMs are authen-
tic and reliable statistical approaches for analyzing these
kinds of data sets.

Conclusion

Generally, the obtained results from the present study
showed a decreasing pattern for TBMR in Asia and North
Africa region with 10-year mean reduction of 6.7 per
100,000 people. It was also revealed that all six IHME
regions have experienced a downward trend of TBMR
over the study period. Moreover, it was found that the
South and High Income Asia- Pacific regions had, respec-
tively, the highest and lowest TBMRs among six IHME
regions. The latter result demonstrates the relationship
between TB mortality and economic condition of the
countries. It seems regions with poorer economic status
had higher death rates than the wealthier ones. The results
of longitudinal clustering of countries in six regions into
four classes also confirmed the effect of socioeconomic
status on the burden of TB in a different manner. This
clustering provides an up to date evidence on levels and
trends of homogenous classes of Asian countries for eval-
uating the health programs as well as hitting the explicit
targets and developing the regional and global health poli-
cies for controlling and reducing the future burden of TB
within each cluster.
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