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Abstract

Background: Poverty and low socioeconomic status are the most important reasons of increasing the global
burden of tuberculosis, not only in developing countries but also in developed countries for particular groups.
The purpose of this study was to assess the association between socioeconomic factors and the number of tuber-
culosis patients using quantile regression for count data.

Methods: This cross-sectional study was conducted on 11,320 tuberculosis patients from March 2010 to
March 201 in Iran. Data was gathered from the 345 sections of Iran by Ministry of Health and Medical Educa-
tion and Statistical Center of Iran. The jittering method was applied for smoothing, and then, the quantile regres-
sion for count data was fitted. The AIC was used to compare the fitness of quantile regression for count data
model and Poisson log-linear model. The R (3.0.1) software and Quantreg and AER packages were used for all
analysis and modeling of the data.

Results: The results of fitting the quantile regression for count data showed that in all percentiles, the more
increase in immigration rate, illiteracy rate, unemployment and urbanization rates, the more tuberculosis mor-
bidity rate was increased. The maximum increase of tuberculosis due to immigration rate, urbanization rate,
unemployment rate, and illiteracy rate was in 95th percentile (3=0.315), 85'Th percentile (3 =0.162), 75'Th per-
centile (3=0.114), and 95'Th percentile (3=0.304), respectively. For 50th percentiles and higher percentiles,
with increasing the sum of physicians to the number of population, the tuberculosis morbidity rate was de-
creased, and the maximum decrease was in 95'Th percentile (3*=-0.1). For all percentiles, the AIC showed that
quantile regression for count data had been a better fit to data.

Conclusion: With respect to the relationship between socioeconomic factors and TB rate, health care observers
should pay close attention to improving these factors in Iran to reduce the TB mortality and morbidity.
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Introduction TB) and also other sites of the body
TB that is caused by the bacillus Myco- (extrapulmonary TB). Tuberculosis is a
bacterium tuberculosis is an infectious dis- most important global health problem, Ac-

ease. It can affect the lungs (pulmonary cording to the report of WHO, “In 2012, an
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estimated 8.6 million people developed TB
and 1.3 million died from the disease” (1).
In developing countries that have lower so-
cioeconomic status, TB is one of the most
killer diseases and also in developed coun-
tries TB has historically been correlated
with poverty and low socioeconomic status
(2,3). Families with lower socioeconomic
status have more children and frequently
reside in more crowed quarters and usually
live in undesirable environmental condi-
tions (poor environmental sanitation and
poor hygienic training). These factors may
increase the probability of exposure to in-
fection among poorer and less educated
groups too because they have lack infor-
mation about vaccination and lack access to
the medical care (4,5).

With increased urbanization, the rate of
TB is increased too, because there are more
risk factors for TB in cities like overcrowd-
ed housing, high contacts (6). Bhunu et al.
studied the effects of poverty on TB trans-
mission. The results showed that transmis-
sion rate is higher in poor communities
than in the rich ones due to overcrowding,
poor nutrition, reduced treatment uptake
and lower socioeconomic status (7). Santos
M, et al. evaluated the epidemiological sta-
tus of Tuberculosis concerning to the soci-
oeconomic characteristics of Sao Jose be-
tween 1998 and 2004. The socioeconomic
factors that were studied were Schooling,
Income, and Number of Residents. The re-
sults showed that in poorest areas the dis-
ease prevalence was higher (8). The higher
rate of this disease is among migrant
groups. If migrant groups move from areas
with low TB rates to one of the high rates,
the risk of the face of primary infections is
increased. If migration was occurred from
areas with high rate of TB to areas with a
low rate of TB, the migrant group transmis-
sions this high rate of TB to those areas.
Even if the migration occurs between areas
with similar incidence, due to the change in
the living environment, and exposure to
undesirable situations, the probability of
contact with TB for the first time increases,
so it is likely that TB is prevalent among
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migrant groups (9). Jose Leopold et al. in-
vestigated the relationship between TB
with several population characteristics in
Sao Paulo, Brazil, from 1994 to 1998. In
their study, the relationship between immi-
gration rate for foreigners and mortality
rate of TB and also the relationship be-
tween immigration rates for the other
Brazilian States with a mortality rate of TB
was significant (10).

The counts data are typically modeling
with log-linear Poisson model. With this
model, the relationship between covariates
and the mean of the response can be esti-
mated (11). However, this model cannot be
applied to evaluate the effects of covariates
on the other aspects of the response distri-
bution, such as the quartiles. Therefore
based on the log-linear model the picture of
the relationship is incomplete, on the other
hand, the assumption of the log-linear
model is the equality of mean and variance
of the response distribution, whereas in re-
al, the variance of the data may be bigger
than the mean. This issue is named over-
dispersion. The overdispersion may lead to
the significant relationship between a
response variable and covariates that is not
significant in fact and also with overdisper-
sion the variance of the data may be an
underestimate (12). To solve this problem
of the log-linear model, we can use the
quantile regression for count data that in-
vestigate how covariates affect the entire
distribution of the count responses and also
unlike the log-linear model, quantile re-
gression model for count data, has a sepa-
rate scale parameter, and overdispersion
does not occur (13).

The aim of this study was to investigate
the relationship between the socioeconomic
factors such as immigration rate, unem-
ployment rate, urbanization rate, the sum of
physicians to the number of population
points and illiteracy rate with the number of
tuberculosis patients.

Methods
This cross-sectional study was conducted
on 11,320 TB Patients from March 2010 to
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March 2011 in 345 cities of Iran. Data was
gathered from the Ministry of Health and
Medical Education and Statistical Center of
Iran for every city. We used the Quantile
regression for count data for the skewness
nature of response variable and to study the
effect of socioeconomic factors on entire
distribution,

The estimation of quantile regression that
studied by Koenker and Bassett (1978) was
offered to continuous data (14). Since the
count data have not continuous Quantiles,
to fit the model, Machado and Santos Silva
(2005) offered the jittering approach for
smoothing (15). Using this approach, the
response variable becomes continuous, and
we can fit the quantile regression for data,
so we produced data from uniform distribu-
tion form (0,1) and replace the response
variable Y, with “jittered” responses
Yy + U, where Uy,~uniform (0,1). These
jittered responses have continuous real
quantiles. The form of model for these data
is Qy,+u, (tlxx) =7+ exp (xg B (1)),
where X is explanatory variable and k is the
number of city, T is the quantile that we
fitted the model for them, S is the estimated
coefficient for urbanization and T is the
transpose of the explanatory vector. We can
implement this model as the equivalent
model with this form Qy:(z|x) = x{B(7)
where Yy = log (Y + Uy, — 1), these two
models are equivalent because we applied a
monotonic transformation (15).

So to apply the quantile regression for
count data, we first jittered the response
data that was the number of TB patients in
345 cities. The quantile regression model
for count data was fitted after jittered the
data and applied the transformation. The
quantiles that fitted the model was 0.05,
0.1, 0.15, 0.25, 0.5, 0.75, 0.85, 0.9 and
0.95. Since the number of TB patients in
every city is dependent on population of the
city, we used the population of the city as
an offset term. The AIC (Akaike Infor-
mation Criterion) was used to compare the
fitness of quantile regression for count data
model and Poisson log-linear model. As the
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part of the information may be loosed due
to fitting the model, we must apply the
model that have a lower loss of infor-
mation. One of the criterions for consider-
ing this issue is AIC. The lower AIC
shows, the better model.

We used R(3.0.1) software for all com-
putations. We applied the Quantreg and
AER packages to fitting the quantile re-
gression for count data and testing the ex-
istence of overdispersion, respectively. For
all computations, the P value less than 0.05
were considered significant.

Results

The total number of 11320 TB patients
from 345 cities of Iran during March 2010
to March 2011 were enrolled in this study.
The mean+SD age of patients was 47.7 +
14.25 (Years), and the meantSD for the
number of TB patients were 32.8 £ 79.11.
Figure 1 shows the histogram graph of TB
patients in every city. This figure displayed
the right skewed of the data, and the value
of skewness was yield 7.28 with a standard
error of 0.13.

Descriptive statistics of variables are
shown in Table 1.

For every quantile, the quantile regression
model for count data was fitted, and the
parameters were estimated. The poisson
regression model was fitted to data. The
results of estimation using fitting the
poisson regression model and quantile re-
gression model for count data was shown in
Table 2, 3.
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Fig. 1. Histogram graph for number of TB patients in
every city
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Table 1. Descriptive statistics of study subjects

Variable

Immigration rate

Urbanization rate

Unemployment rate

Illiteracy rate

Sum of physicians to number of population points

Mean (Std. Deviation) Maximum Minimum
-0.03 (6.68) -17.8 33.70
0.52 (.20) 0.99 0.08
14.72 (9.84) 59.50 1.05
19.41 (6.17) 47.46 3.96
4.25(58.5) 1081.200 0.005

Table 2. The results of Poisson regression model for assessing the associations between socio-economic factors and tuber-

culosis morbidity
Variable

intercept

Immigration rate

Urbanization rate

Unemployment rate

Illiteracy rate

Sum of physicians to number of population points

In Poisson model, there was a significant
association between socioeconomic factors
and TB morbidity rate. With increasing one
unit of these factors, the morbidity rate of
TB was increased. For example with in-
creasing one unit in the unemployment rate,
the TB morbidity rate was increased by
0.135. The AER package in R(3.0.1) soft-
ware was used for testing the dispersion
and the existence of overdispersion with
fitting the Poisson model was confirmed
(p<0.001).

The interpret coefficients of the quantile
regression for count data model was similar
to the Poisson regression model. The re-
sults of the quantile regression model for
count data showed that in all percentiles,
with increasing the immigration rate, the
TB morbidity rate was increased. The rela-
tionship in higher percentiles was signifi-
cant. It means that in counties with high TB
morbidity rate, immigration and TB have
the strongest relationship. For all percen-

i) e (=) Std. Error p

-0.914 0.401 1.558 0.713
0.153 1.165 0.0096 <0.001
0.169 1.184 0.013 <0.001
0.127 1.135 0.012 <0.001
0.293 1.341 0.0134 <0.001
0.027 0.973 0.003 <0.001

tiles of TB morbidity rate, with increasing
the urbanization rate, unemployment rate,
and illiteracy rate, the TB morbidity rate
was increased. The maximum increase for
immigration rate was in 95t" percentile
(ﬁ = 0.315), for urbanization rate was in
85" percentile (f =0.162), for unem-
ployment rate was in 75" percentile(ﬁ =
0.114) and for illiteracy rate was in 95"

percentile(ﬁ = 0.304 ) In 50th percentiles
and higher percentiles, with increasing the
sum of physicians to the number of popula-
tion, the tuberculosis morbidity rate was
decreased, and the maximum decrease was
in 95" percentile (§ = —0.1) (table 3). In
higher percentiles of TB morbidity rate,
with increasing the number of physicians to
population points, TB morbidity rate was
decreased and for lower percentiles with
increasing average annual income, the TB
morbidity rate was decreased, although this
relationship was not significant (Fig. 2).

Table 3. The results of quantile regression model for count data for assessing the associations between socio-economic factors

and tuberculosis morbidity

Results for the following percentiles

Variabl 5% 10% 15%
Immigration rate 0.077 0.196 0.17
1.08 1.22 1.19
0.058 0.109 0.052
1.06 1.115 1.05
0.089 0.072 0.083
1.093 1.08 1.09
0.261 0.30 0.12
1.3 1.38 1.13
0.049 0.044 0.039

Urbanization rate
Unemployment rate
Illiteracy rate

Sum of physicians
to number of popu-
lation points

= 1.05 1.045 1039
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25% 50% 75% 85% 90% 95%
0.141 0.165 0.153 0.098 0.173 0315
1.15 1.18 1.17 1.103 1.19 1.37
0.04 0.08 0.113 0.162 0.142  0.126
1.04 1.08 1.12 1.18 1.165  1.134
0.089 0.079 0.114 0.056 0.108 0.05
1.09 1.08 1.13 1.057 1.114 1.05
0.12 0.176 0.235 0.271 0.275 0304
1.13 1.19 1.26 1.31 1.32 1.26
0.024 -0.005 -0.027 -0.05 -0.076  -0.1

1.024 0.995 0.973 0.951 0.927 0.9
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Fig. 2. Coefficients of quantile regression for count data for every quantiles (the red line show the Poisson’s estimate)

Also, the AIC was used to compare the
fitness of quantile regression for count data
model and Poisson log-linear model. The
smaller AIC showed the better model. The
related AIC was computed for every
percentile, and the quantile regression was
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the best-fitted model (Table 4).

For all percentiles, the AIC was smaller
than one for Poisson regression, and it showed
that in all percentiles, the quantile regression
for count data was better fitted to data in com-
parison of Poisson regression model.
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Table 4. Results of AIC for assessing the fitness of the models

Percentiles 5% 10% 15% 25%

AIC 964.9 924.6 901.6 860.7

Discussion

As the aim of the study is to consider the
effect of covariates on entire distribution of
the data and because of skewness of the
data, we used the quantile regression for
count data and also fitted the Poisson re-
gression on data to compared two models.
In Poisson regression model, the relation-
ship between socioeconomic factors and
TB was significant. This can be due to the
existence of overdispersion, but quantile
regression has a separate scale parameter
and prevent of occurring the overdisper-
sion. So, we used this model for more accu-
rate estimation of parameters in this study.
Also, the results of comparing the fitness of
two models showed that the AIC was
smaller for the quantile regression for count
data in all percentiles compared to the
Poisson regression model. The results of
the quantile regression showed that with
increasing the immigration rate, the TB
morbidity rate was increased. This result is
consistent with the studies of Jose Leopold
et al. Talbot et al. and Gilbert et al. (10,16,
17). In their studies, the TB morbidity and
mortality rates had an increasing trend with
increase the immigration. The foreign im-
migrants in Iran are almost from Pakistan
and Afghanistan countries that are the
countries with a high incidence rate of TB
and then, immigration from these countries
to Iran may increase the morbidity rate of
TB. Overcrowded housing and high proba-
bility of contacts in cities lead to increasing
the TB morbidity. Also in this study, with
increasing the urbanization rate, the TB
morbidity rate was increased and is con-
sistent with the study of Kwan CK, et al.
(6) that reported the urbanization as one of
the reasons of increasing the mortality and
morbidity of TB. Other socioeconomic fac-
tors in this study that affected the TB mor-
bidity rate were unemployment and illitera-
cy rate. In poorer societies with worse con-
ditions like higher unemployment rate or
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50% 75% 85% 90% 95% Poisson

model

850.7 937.6 1003.8  1070.2 11306 67229

lower schooling or high illiteracy rate, the
rate of TB morbidity and mortality is high.
The results of this study showed that with
increasing the unemployment rate, and illit-
eracy rate, the rate of TB morbidity was
increased. Santos and Bhunu et al. reported
similar results (7,8). One of the reasons for
this relationships is that the illiterate peo-
ples have low information about the vac-
cination, hygiene, disease prevention and
the risk factors. Also, the results of Richard
Coke et al. is consistent with results of our
study (18). In this study, with increasing
the access to medical care, the TB morbidi-
ty was decreased. For higher percentiles,
with increasing the sum of physicians to the
number of population point’s factor, the TB
morbidity rate was decreased that is con-
sistent with the study of Santos et al. (8).
Thus, the results of our study confirmed
that the factors related to the low socioeco-
nomic status lead to high morbidity of tu-
berculosis and with improving these factors
we can prevent the TB morbidity and mor-
tality.

Conclusion

As a result, the quantile regression for
count data provided a suitable measurement
to examine the relationship between socio-
economic factors and TB morbidity. These
findings demonstrated that with increasing
the immigration rate, illiteracy rate, unem-
ployment and urbanization rates, the TB
morbidity rate was increased. Also, with
increasing the sum of physicians to the
number of population, the tuberculosis
morbidity rate was decreased. So it seems
necessary to improve these factors such as
increase the proportion of physicians to the
number of population to reduce the TB
morbidity and mortality and to reach the
TB control goals.
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