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Abstract This retrospective study aimed to address whether or to what extent spa-
tial and non-spatial factors with a focus on a healthcare delivery system would influ-
ence successful tuberculosis (TB) treatment outcomes in Urmia, Iran. In this cross-
sectional study, data of 452 new TB cases were extracted from Urmia TB Manage-
ment Center during a 5-year period. Using the Geographical Information System
(GIS), health centers and study subjects� locations were geocoded on digital maps.
To identify the statistically significant geographical clusters, Average Nearest
Neighbor (ANN) index was used. Logistic regression analysis was employed to
determine the association of spatial and non-spatial variables on the occurrence
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of adverse treatment outcomes. The spatial clusters of TB cases were concentrated
in older, impoverished and outskirts areas. Although there was a tendency toward
higher odds of adverse treatment outcomes among urban TB cases, this finding after
adjusting for distance from a given TB healthcare center did not reach statistically
significant. This article highlights effects of spatial and non-spatial determinants on
the TB adverse treatment outcomes, particularly in what way the policies of health-
care services are made. Accordingly, non-spatial determinants in terms of low socio-
economic factors need more attention by public health policy makers, and then
more focus should be placed on the health delivery system, in particular men�s
health.

ª 2014 Ministry of Health, Saudi Arabia. Published by Elsevier Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
1. Introduction

Globally, multidrug-resistant tuberculosis (MDR-
TB), mainly because of prior failed or default treat-
ment outcomes, is a serious problem in the fight
against TB disease [1–4]. According to the World
Health Organization (WHO) report in 2013, annually
on average, 3.6% of new TB patients were diag-
nosed with MDR-TB and at least half a million peo-
ple were diagnosed with MDR-TB worldwide, of
whom the majority live in low- to middle-income
countries (LMICs) [5]. As a major challenge to the
control of MDR-TB, Directly Observed Treatment—
Short Course (DOTS) was recommended by WHO
to overcome failed and default treatment out-
comes [6]. Nevertheless, in almost all LMICs that
adopted the DOTS project, MDR-TB followed by
high rates of adverse treatment outcomes is a com-
mon issue [7,8].

In spite of the evidence indicating the contribu-
tion of non-spatial characteristics, including age,
gender, low education achievement, domicile and
social class to determine the outcome of TB treat-
ment [9,10], the spatial factor in terms of physical
accessibility to a healthcare center during the drug
treatment course has been less considered. More-
over, reasons for failed or default treatment out-
come are multifaceted and involve a combination
of spatial and non-spatial factors, along with how
health policy was formulated to deliver healthcare
services [11–14].

Iran as a middle-income country, located in the
Eastern Mediterranean region with an average inci-
dence rate of TB (all TB forms 0–24 per 100,000 pop-
ulation), has experienced increased incidence rates
of TB drug resistance during recent years [15]. One
step in order to determine the distribution of TB
cases is visualizing the statistics by employing the
application of the Geographical Information System
(GIS) in the public health discipline; however, this
was hardly considered an option in Iran, and its
usage is limited [16]. Accordingly, there are a few
studies on spatial patterns of TB and their related
treatment outcomes that have focused on non-spa-
tial factors. These studies have shown a link
between ethnicity, previous unsuccessful treat-
ment, age and sex with anti-TB drug resistance
[15,17]; however, information on the effect of spa-
tial and non-spatial determinants on TB treatment
outcomes is scarce. Therefore, this retrospective
study aimed to address whether or to what extent
spatial and non-spatial factors with a focus on a
healthcare delivery system would affect successful
TB treatment outcomes in Urmia, Iran.
2. Methods

2.1. Study area and population

This cross-sectional study was conducted in Urmia,
the capital of West Azerbaijan Province (WAP),
which is located along the border of Turkey and
the Lake of Urmia that extends to the East. The
Urmia landmass is 5,125 square kilometers (km2),
with a density of 85.2 inhabitants per km2. Accord-
ing to the 2006 census in Iran, the Urmia population
was 875,000 (30% of total WAP population), with
69% urban residents and a male to female ratio of
51% [18]. According to the Human Development
Index (HDI), the WAP is one of the most deprived
regions in Iran [19]. The Urmia population is served
by 18 urban and 33 rural health centers (on aver-
age, given that urban and rural health centers
serve 48,000–60,000 and 6,000–8,000 inhabitants,
respectively). The municipality includes four dis-
tricts (Fig. 1), of which the district with the higher
socioeconomic status is located in the central area
(district number of 4), while others with lower
socioeconomic status are concentrated in the
northwest and northeast regions (district numbers
2 and 3). The population density per km2 for
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Figure 1 Socioeconomic status by districts according to Urban Sustainable Development Index (TOPSIS model),
Urmia, Iran. Source: Mobaraki et al. [20].
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district numbers 1 and 4 and also 2 and 3 is homog-
enous across Urmia city, respectively [20].

2.2. Health care utilization among TB
patients

According to the health service delivery system in
Iran, the supervision and implementation of the
DOTS project, as well as the follow-up of drug
treatment adherence, is free of charge and health
workers are referred to the closest healthcare cen-
ter with respect to the TB patient�s residence.

2.3. Data source and data collection
procedure

Based on the integration of a TB program into the
Primary Health Care (PHC) network in Iran (1990),
all new cases of TB diagnosed by a qualified physi-
cian in clinics, hospitals or health centers should
be reported to the Tuberculosis Management Center
(TBMC). The TBMC database then has the most com-
pleted data source of TB at the national level and
provides district health staff members with an
opportunity to follow-up the treatment processwith
patients through home visiting in order to observe
any suspected close contacts. The database pro-
vides information about socio-demographic charac-
teristics, disease information such as smear positive
/negative pulmonary and extra-pulmonary TB, fam-
ily size and an accurate residential address. In the
present study, all of the 454 new cases of TB during
the period 20 March 2004–20 March 2009 were con-
sidered. In practice, because of no data regarding
residential address for 2 patients, 452 cases were
taken into account in this study.

2.4. GIS mapping

Digital maps of Urmia were provided by the GIS
department of the WAP Governor�s Office. In the
first step, the urban setting using ARC MAP 9.3 soft-
ware, health centers, health posts and study sub-
jects� locations across catchment areas were
geocoded. The process of geo-referencing was car-
ried out for 401 of the TB cases (83%). From the 51



Figure 2 Spatial distribution of TB cases in Urmia, Iran.

224 G. Kolifarhood et al.
cases that were not geocoded, 35 of them were in
prison and 16 patients had received TB drugs from
TBMC directly. However, given that the TB
diagnosis and treatment services are provided
instantaneously in prisons in Iran, modeling of
accessibility in terms of geographical distance from
the health center was impossible.

In the second step, catchment areas for each
health center which were derived from the TBMC
were plotted on mapping files. For better visualiza-
tion, the maps have been categorized by 1 km dis-
tances from health centers across the given
catchment area. Each of the health catchment
areas envelops the distribution of TB patients as
satellites around healthcare centers where TB
treatment is delivered as well. All of the health
centers were under the direct supervision of the
TBMC, and TB treatment services were provided
by each one of them actively where patients lived
across its related health center catchment area.

In the third step, in order to measure the dis-
tance from a patient�s home to the health center,
‘‘Minimum Euclidean distance,’’ which repre-
sented the straight line, was employed. Since pri-
mary healthcare services including the TB
treatment program are delivered actively by com-
munity health workers (called Behvarz) in rural
areas, on average, the patient�s distance from a
given rural healthcare center was defined as 100 m.
In the fourth step, the number of adverse out-
comes as defaulted or interrupted cases was dem-
onstrated for each catchment area separately
(Fig. 3).

2.5. Data analysis

The tool box of the Arc Map software version 9.3
was used for spatial analysis. The Average Nearest
Neighbor (ANN) index was applied based on the
minimum average Euclidean distances from each
TB case to its nearest neighboring case to identify
TB aggregations. The ANN index compares the
average distance ratio of the nearest neighbor
point (observed) with the average distance of
expected points (as the distance between neigh-
bors in a hypothetical random distribution). Values
of the ANN index that are greater than the upper
limit of the Z score indicate concentration, while
values of the ANN index less than the lower limit
of the Z score indicate dispersion. Distribution of
TB case data was divided into two main categories
based on treatment outcomes (failed or interrup-
tion versus recovery) and the association between
two categories and socio-demographic determi-
nants, including gender, age, type of TB, education
attainment, job and domicile, which was tested by
Odds Ratio. Finally, independent variables were
entered stepwise into the logistic regression



Figure 3 Spatial accessibility to TB health care center in Urmia, Iran.
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models in the order of eliminating confounding
effects. The SPSS version 16.00 was used for data
analysis.

2.6. Ethical permission

The ethical verification from the ethics committee
of the Urmia University of Medical Sciences was
obtained. Moreover, permission from the Deputy
for Health Affairs managers was taken.

3. Results

3.1. Spatial clusters in urban and rural areas

Fig. 2 presents the spatial distribution of TB
patients in urban area. Using the ANN index, it
identified significant nonrandom dispersion of TB
cases into context (ANN index: 0.79 Z
score = �6.4766 and P value = 0.0001) with
observed and expected mean distances of 230
and 292 m, respectively. Visually, three spatial
clusters of TB cases were found during the study
period of which most cases of TB were concen-
trated in impoverished and outskirts areas (district
numbers 2 and 3).

3.2. Socio-demographic characteristics

Table 1 presents the distribution of socio-demo-
graphic features of TB patients and categories of
treatment outcomes, divided into default or inter-
ruption and recovery outcomes. Moreover, univari-
ate analysis of socio-demographic characteristics
with respect to treatment outcome by means of
crude Odds Ratio (OR) is presented in the last col-
umn of Table 1. The higher odds of TB adverse
treatment outcome was found among men. More-
over, TB patients� age between the two categories
of treatment outcomes was similarly distributed.
The proportion of default or interruption outcome
was higher among patients with pulmonary TB dis-
ease, although this finding did not reach a statisti-
cally significant level. There was an association
between the categories of education, occupation
and treatment outcome, of which more vulnerable
cases for default or interruption TB outcome
belonged to the lower levels of education and
self-employed occupation groups. In general, the
urban residents consisted of a larger proportion
of TB as well as a higher number of default and
interrupted cases, but there was no significant
association between domicile and outcome of TB
treatment.

3.3. Physical accessibility to health centers

Fig. 3 shows the distribution of TB patients, health
centers and health post with catchment area. In
comparison with average-weighted case distance
from health center, mean distance of patients with
default/interrupted outcome was higher than oth-
ers, but its difference was not statistically signifi-
cant (1286 ± 708 and 1079 ± 715 m, P value = 0.09).

Table 2 presents the results of logistic regression
analysis based on some important variables that



Table 1 Classification of socio-demographic characteristics among TB patients with default/interruption and recovery
outcomes. Urmia, Iran.

Socio-demographic characteristics Treatment outcome Total No. Crude odds ratio (95% CI)

Default/ interruption Recovery
N = 50 (%) N = 402 (%) N = 452 (%)

Gender
Female 10 (5.5) 172 (94.5) 182 (40.3) Reference
Male 40 (14.8) 230 (85.2) 270 (59.7) 2.99 (1.41–6.88)

Age
<14 1 (12.5) 7 (87.5) 8 (1.8) 1.28 (0.02–11.5)
15–24 5 (10.6) 42 (89.4) 47 (10.5) 1.07 (0.27–3.51)
25–34 8 (9.5) 76 (90.5) 84 (18.7) 0.94 (0.31–2.66)
35–44 12 (15) 68 (85) 80 (17.8) 1.58 (0.61–4.10)
45–54 7 (12.1) 51 (87.9) 58 (12.9) 1.23 (0.38–3.64)
55–64 5 (9.6) 47 (90.4) 52 (11.6) 0.95 (0.24–3.12)
>65 12 (10) 108 (90) 120 (26.7) Reference

Type of TB
Pulmonary (PTB) 39 (13.2) 257 (86.8) 296 (65.5) Reference
Extra-pulmonary (EPTB) 11 (7.1) 145 (92.9) 156 (34.5) 0.49 (0.22–1.03)

Education
No schooling/illiterate 14 (6.7) 181 (93.3) 195 (42.7) 0.31 (0.14–0.68)
Primary school (Grade 1–5) 22 (19.6) 90 (80.4) 112 (24.8) Reference
Lower secondary school (Grade 6–8) 6 (13.6) 38 (86.4) 44 (9.7) 0.64 (0.19–1.82)
Upper secondary school (Grade 9–12) 5 (9.4) 48 (90.6) 53 (11.7) 0.42 (0.11–1.25)
University 2 (10) 18 (90) 20 (4.6) 0.45 (0.04–2.14)
Unspecified 1 (3.8) 24 (96.2) 25 (5.8) �
N/A (Children under 6 years) 1 (33.3) 2 (66.7) 3 (0.7) �

Occupation
Self-employed 20 (25) 60 (75) 80 (17.7) Reference
Farmer 5 (12.2) 36 (87.8) 41 (9.1) 0.41 (0.11–1.28)
Labourer 3 (10.7) 25 (89.3) 28 (6.2) 0.36 (0.06–1.39)
Student 3 (3.9) 13 (96.1) 16 (3.5) 0.69 (0.11–2.90)
Housewife 7 (4.7) 141 (95.3) 148 (32.7) 0.14 (0.05–0.39)
Governmental employee 3 (17.6) 14 (82.4) 17 (3.8) 0.64 (0.10–2.66)
Unemployed 5 (7.1) 65 (92.9) 70 (15.5) 0.23 (0.06–0.69)
Retired 1 (5) 19 (95) 20 (4.4) 0.15 (0.003–1.14)
N/A(Children under 6 years) 1 (33.3) 2 (66.7) 3 (0.7) �
Unspecified 2 (6.9) 27 (93.1) 29 (6.4) �

Domicile
Urban 12.7 87.3 68 Reference
Rural 7.6 92.4 32 0.56 (0.25–1.17)
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were selected for the model after controlling the
confounding effects. Accordingly, no significant
differences regarding failure or interrupted
outcome were observed through age groups and
education strata. Compared with PTB, EPTB was
associated with higher odds of adverse treatment
outcome. In addition, men were more than twice
significantly as odds to be among TB cases with
default or interruption outcomes as women.
Despite a tendency toward higher odds of adverse
treatment outcomes for urban dwellers after
adjusting for distance from any TB health care
center, this finding did not reach a statistically
significant level.

4. Discussion

4.1. Main findings

This is the first study with an integrated approach
to highlight the effect of spatial and non-spatial
determinants on TB incidence and disease control.



Table 2 Multivariate analysis of the parameters associated with default/interruption outcome of treatment. Urmia, Iran.

Explanatory variables Adjusted odds ratio(CI) P value

Age 0.99 (0.97–1.01) 0.381
Gender (male vs. female) 2.50 (1.17–5.34) 0.017
Education 0.92 (0.75–1.13) 0.452
Type of disease (PTB vs. EPTB) 2.20 (0.97–5.01) 0.058
District (rural vs. urban) 0.69 (0.26–1.86) 0.476
Distance from health center (meter) 1 (1.00–1.001) 0.159
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The univariate analysis in this study showed that
the non-spatial factors, including insecure jobs,
low education level and sex were associated with
adverse TB treatment outcome. In addition, the
TB cases with failure or interruption treatment
outcome did not reside further away from related
health centers in the urban areas. The multivariate
analysis highlighted female sex as a significant pro-
tected variable against adverse treatment out-
come. Moreover, TB cases are not distributed at
random, and there is a strong heterogeneity across
the geographic areas of Urmia, of which the most
likely clusters were detected in old, poor and on
the outskirts of urban areas, namely district num-
bers 2 and 3.

Based on the national figures of TB in Iran,
women are over-represented among all age groups
[21]. In contrast, findings in a previous study in
WAP indicated the lower notification rates of TB
among women [22]. The better treatment out-
comes in women could be partially explained by:
they seek timely TB diagnosis and they are more
likely to continue therapy; consequently, they have
a better treatment outcome. However, there are
reasons to believe that the adverse treatment out-
comes are more likely to occur in men in Iran [23–
25]. This might be explained by socio-economic
issues via poor access to health centers, of which
men are more likely to fear losing insecure jobs
and, consequently, tend to delay TB care-seeking
[9]. Probably as a result, the higher prevalence of
MDR-TB among Iranian men [15] would be explained
by the above reasons. In contrast, findings from a
study in Egypt showed no significant gender differ-
ences toward TB treatment outcome [26]. The rea-
son for that might be a result of extreme job
importance and its security for Iranian men.

The other important finding of this study was
related to the role of poverty with respect to old,
poor and the outskirts of urban areas. This is in line
with most studies in which traditionally TB was rec-
ognized as a disease of the poor. The result of
other studies also represented TB clusters in more
deprived areas in urban settings, where living con-
ditions are at the minimum level [27–30]. It is
questionable whether the socioeconomic status of
TB cases at the individual level could be playing a
determinant factor in the adverse treatment out-
come prevalent in the urban outskirts, too
[31,32]. The lack of access due to geographical dis-
tance to a healthcare center was found to be one
of the main determinants related to default or fail-
ure treatment outcome and poor health of popula-
tions as a whole in developing countries [10,33,34].
Nevertheless, living in poor and remote urban areas
seems to have more effect on increasing the num-
ber of TB cases, as well as those with adverse
treatment outcomes [34,35]. As a result, the most
likely barriers to accessing a healthcare center
might be explained by poverty in terms of treat-
ment costs and a low level of knowledge regarding
free-of-charge diagnostic and therapeutic TB ser-
vices in Iran. According to the Ministry of Health
and Medical Education (MOHME) reports in Iran,
at least 40% of people who need various types of
outpatient services have delayed seeking treat-
ment, mostly due to increased costs of medical ser-
vices over the last two decades [36]. This implies
that the free-of-charge diagnosis and treatment
of TB should be announced, particularly in both
health centers and hospital services.

However, though physical accessibility to health
services influences the health outcome, the proba-
ble reasons to prove that TB patients in urban out-
skirts are more vulnerable to adverse treatment
outcomes can be described in the way the Primary
Health Care (PHC) policies are made [14]. Accord-
ingly, some studies in LMICs like Nepal, Thailand,
Uzbekistan and Senegal established a relationship
between active case findings of TB and cases
undergoing supervised health treatments in a facil-
ity-based institution with a lower incidence rate of
failure or interruption outcomes of treatment [37–
40]. Hence, it is not surprising to find higher rates
of failure and interruption outcomes of treatment
mainly owing to passive TB case findings and fol-
lowing-up of treatment adherence in urban dis-
tricts of Iran, while TB-related services are
actively delivered by community health workers
(called Behvarz) in rural areas, and its PHC network
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in terms of accessibility is demonstrated as one of
the best in the Middle-East region [41,42].

4.2. Strengths and limitations

This is the first study in Iran to use a holistic
approach toward spatial and non-spatial determi-
nants of TB incidence and disease control. Never-
theless, some limitations should be considered.
First, spurious addresses of some patients (4 cases)
were obtained based on the general family address
due to implications related to the administration or
utilization of DOTS; if the number is too low, it
cannot affect the result of the study. The other
limitation is the heterogeneity of the population
density across given health center catchments. In
order to overcome this problem, the administrative
data that were provided by the Development
Department of Urmia Deputy for health affairs
were used where health catchment borders are
determined based on equal population size. Even
though, some health centers may be cases for pop-
ulation heterogeneity because of urbanization pro-
motion and development measures. Although using
the Minimum Euclidean distance might not be
appropriate to calculate the distances from the
patients� homes to the nearest health center, as
many other studies worldwide the straight-line dis-
tance from the facility was used in this study
because the calculation of the actual distance from
the patients� homes to the nearest health center
for a given catchment area was impossible in an
urban setting. Finally, indicators related to health
services utility, as well as healthcare-seeking
behavior, might have been a subject for adverse
outcome. However, it was not included within the
scope of this study. This subject not only makes
for an interesting topic for future investigations,
but it is currently under way.
5. Conclusion

This study highlights the effect of spatial and non-
spatial determinants of TB incidence and disease
control, particularly with regard to the way the
policies of health-care services are made. Accord-
ingly, non-spatial factors in terms of low socio-eco-
nomic status need for more attention by public
health policy makers, and then more focus should
be placed on the health delivery system, particu-
larly in men. In addition, using the GIS/GPS appli-
cation with a view to TB distribution and physical
accessibility to healthcare centers is a novel
method in Iran and it can be developed to reach
other related public health disciplines.
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