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Abstract

Background: Equitable distribution of health services is the main goal of all countries, but this objective is more closely monitored
and planned at the national level.
Objectives: The purpose of this study was to investigate the distribution of care providers of mother and child as vulnerable groups
at the provincial level in one of the provinces of Iran in 2011 - 2017.
Methods: The Gini coefficient, dissimilarity index, and Gaswirth index were used to assess the distribution of maternal and child
care specialists. The time trend of inequality was estimated using regression analysis. The calculations were performed using STATA-
14 software.
Results: The mean Gini coefficients of pediatricians, gynecologists, and midwives in the study period were 0.25, 0.32, and 0.36,
respectively. The mean dissimilarity indices for the mentioned specialists in the study period were 15, 14.7, and 10.9, respectively. The
mean Gaswirth indices were 0.99, 0.78, and 0.49, respectively. The results of the regression analysis showed that the effect of time
on inequalities was not significant.
Conclusions: The results of the study showed that there was some inequality in the distribution of human resources related to
maternal and child health. Therefore, health policymakers are proposed to design and implement a sustainable policy for the fair
distribution of these workforces at the provincial level. Equality of indicators at the national level does not necessarily imply equi-
table distribution at the county level. Therefore, it is proposed to measure and monitor the indicators at provincial/state levels, as
well.
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1. Background

Equal access and equitable distribution of health sec-
tor resources are one of the main goals of health systems
and one of the main challenges for health policymakers
(1, 2). Among the various resources of the health sector,
human resources constitute one of the important founda-
tions of health care. The health sector is strongly depen-
dent on these resources for the provision of high-quality
services. The distribution of human resources in the health
sector is one of the most important factors affecting access,
equity, and equality of any health system (3-5). Evidence
suggests that there are significant inequalities in the distri-
bution of health human resources between countries and
within a country (6).

The 2006 World Health Organization (WHO) report
showed that African countries, despite having the great-
est burden of disease (around 24% of the world), only have
3% of the health workforce, while North American coun-
tries account for 37% of the world’s health workforce (7).
Although the unequal distribution of human resources is
more evident in developing countries, due to their prob-
lems and weaknesses in information infrastructures (8,
9), developed countries are also struggling; for example,
OECD countries continue to face the unequal distribution
of physicians (10). Some studies have shown that inequal-
ity in human resources is on a growing trend (11, 12).

Evidence suggests that the mentioned inequalities are
directly related to health outcomes. These consequences
can include reduced health in the community, waste and
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inefficiency of resources, and increased health expendi-
tures for both people and the health system (13). Thus, the
inequalities in the distribution of health human resources
and their implications have led health policymakers to
consider reforming the human resources distribution sys-
tem (14) and adopting specific, scientific, and evidence-
based policies to reduce inequality in the distribution and
allocation of these resources in different regions (15). The
first step to reducing inequality in the distribution of hu-
man resources is to be aware of the community’s status in
terms of access to health services (16, 17).

In recent years, the geographical distribution of hu-
man resources has been studied in several studies in Iran
(3, 18). The trend of human resource development in
Iran has shown a significant increase over the past three
decades, but their distribution does not seem to be fair
(19-21). These studies are limited to examining the distri-
bution of resources such as nurses and doctors and inves-
tigating the distribution status of these resources among
the provinces of the country. There are a few studies on
the distribution of workforce associated with the health of
mothers and children in the districts of a province. This
is despite that women play a key role in shaping culture
and education, as well as maintaining and promoting the
health of the household and society (22). Thus, in recent
decades, the importance of women’s health has been in-
creasingly recognized throughout the world (23).

Maternal and child mortality rates are the main indica-
tors of the degree of development of countries (24). There-
fore, maintaining and promoting the health of mothers
and children as the most vulnerable population groups
plays an important role in the health care sector (21, 25, 26).
The maternal mortality rate in Iran dropped significantly
from 123 deaths per 100,000 live births in 1990 to 25 in 2015
(25). In addition, the under-five mortality rate decreased
from 34.2 per 1,000 live births in 2000 to 14.9 in 2017 (27).
The study of the distribution of maternal and child health-
related workforce can be an effective step to reduce the
mortality of these subgroups and ultimately improve com-
munity health (26, 28).

2. Objectives

Therefore, the present study examined the status of the
geographical distribution of health human resources re-
lated to maternal and child healthcare, namely gynecol-
ogists, pediatricians, and midwives, in Lorestan Province.
The results of this study can provide a basis for health pol-
icymakers to review the geographical distribution of hu-
man resources associated with these two vulnerable sub-
populations.

3. Methods

In this cross-sectional study, we calculated inequal-
ity indices (Gini, dissimilarity, and Gaswirth) of human
resources distribution related to the health of mothers
and children in Lorestan Province during the period of
2011 - 2017. The sample population included nine cities in
Lorestan Province. Therefore, there was no need for sam-
pling and all the cities were analyzed. The required data
on the number of midwives, gynecologists, and pediatri-
cians working in the public sector were obtained from the
province’s statistical yearbooks and the Treatment Deputy
of Lorestan University of Medical Sciences. Demographic
data were also obtained from the provincial statistical year-
books.

After collecting the necessary data for the study, we
tried to investigate and analyze how the abovementioned
human resources were distributed in Lorestan Province us-
ing the Gini coefficient. This coefficient is usually a mea-
sure of dispersion, which usually examines inequality in
the distribution of income and wealth in society. In addi-
tion, this coefficient is usually used to measure inequali-
ties in the distribution of human resources in the health
sector (3, 29). The value of this index is between zero and
one. Gini coefficients between 0.20 and 0.35 indicate rel-
atively balanced distribution, 0.35 and 0.5 show relatively
unequal distribution, and 0.5 and 0.70 indicate unequal
distribution (30, 31). The Gini index is computed through
the Lorenz curve so that this coefficient is twice the zone
between the Lorenz curve and the 45º line (perfect equality
line) (1, 32).

Usually, in studies that analyze inequality in the distri-
bution of resources, the time-trend of inequality in distri-
bution is also considered. The time trend for the inequal-
ity of the studied resources from 2011 to 2017 was estimated
using the following regression:

(1)Gi = β0 + βit+ εi

Where G as a dependent variable indicates the vector
of the Gini coefficients of each of the resources in the years
studied, εi indicates the components of error, and t rep-
resents time. The βi coefficient indicates the magnitude
and direction of the inequality trend in the distribution of
these resources. If the coefficient of the explanatory vari-
able (βi) is negative, it indicates that the inequality trend in
the distribution of these resources is decreasing (11, 21, 33).
The dissimilarity index represents the percentage of the
total health variable that must be redistributed between
cities to achieve perfect equality. The closer the index to
zero, the better the distribution of resources and the closer
the index to 100, the worse the situation (21, 34). In the
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present study, the dissimilarity index was estimated using
the following formula:

(2)ID =
1

2

n∑
i=1

|Xip −Xih

In this formula, ID is the dissimilarity index, χip is the
share of live births of each city in the total live births of the
province, χih is the share of health resources of each city,
and n is the total number of cities in the province.

The Gaswirth index also explains how many new health
variables need to be added to the resources to increase the
total population access to the access rate of the reference
group (the city that has the most resources available). This
indicator is calculated in two stages (35). In the first stage,
using the following formula, the proportion of the total
population with less access to health resources is calcu-
lated compared to the reference group.

(3)U =

k−1∑
i=1

yi (pref − pi)

Where yi represents the percentage of live births (in ith
city) of the total live births of the province, pref denotes
the health resources of the reference group, pi shows the
health resources in the ith city and k indicates the number
of studied cities. In the next step, the Gaswirth index is ob-
tained using the following formula:

(4)GI =
U
−
P

Where
−
P presents the average of health resources in

the whole province. Then, by multiplying GI in the total
number of health resources, the amount that should be
added to the existing number of resources to reach the ac-
cess level of all cities to the reference group is obtained. All
the calculations were performed using Stata software (ver-
sion 14) and the DASP (version 2.3).

4. Results

Table 1 shows the number of pediatricians, gynecolo-
gists, and midwives per 1000 live births in different cities
of Lorestan Province. In this table, the mean, standard devi-
ation, minimum, and maximum of the variables in differ-
ent cities of this province are depicted during the period
under study.

The values of the Gini coefficient for pediatricians, gy-
necologists, and midwives in Lorestan Province during
2011 - 2017 are depicted in Table 2. The Lorenz curve is shown
in Figure 1. As shown in the table, the Gini coefficients for
pediatricians were 0.27, 0.18, 0.25, 0.275, 0.28, 0.3, and 0.31,

from 2011 - 2017. The values of this coefficient were 0.33,
0.3, 0.33, 0.34, 0.4, 0.24, and 0.32 for gynecologists. Also,
the Gini coefficients for midwives were 0.4, 0.38, 0.36, 0.34,
0.38, 0.36, and 0.34, from 2011 - 2017. The t value was above
1.96 for the Gini coefficients for all the years and resources
studied, which rejects the null hypothesis regarding the
equal distribution of the resources in question.

The results of the regression analysis are presented
in Table 3 to illustrate the time effect of inequality. As
shown in the table, the β coefficient is negative for the ef-
fect of time on Gini coefficients regarding gynecologists
and midwives, but this negative effect was not significant.
The Breusch-Pagan test to investigate the heteroscedastic-
ity of the variance of models showed no significant het-
eroscedasticity in the models (P > 0.05).

Dissimilarity and Gaswirth indices for the surveyed re-
sources in different cities of Lorestan Province are shown
in Table 4. The highest and lowest dissimilarity indicators
were related to pediatricians in 2016 (19.6%) and midwives
in 2017 (6.5%), respectively. Also, the highest Gaswirth in-
dices during the study period for pediatricians, gynecolo-
gists, and midwives were in 2014 (1. 5), 2014 (1.24) and 2013
(0.71), in sequence.

5. Discussion

One of the most important Millennium Development
Goals is to create equity in access to health services, espe-
cially for vulnerable groups such as mothers and children
(21, 30). Since the first step for fair access to health services
is the equal distribution of resources, monitoring the al-
location of resources based on inequality indicators is es-
sential (32). For this reason, we investigated the geographic
distribution of gynecologists, pediatricians, and midwives
in Lorestan Province using the Gini coefficient, dissimilar-
ity index, and Gaswirth index.

The findings of the present study showed that the Gini
coefficient of gynecologists ranged from 0.24 to 0.4 dur-
ing the study period. This indicates a relatively unfair dis-
tribution of gynecologists in the studied area. The study
by Tourani et al. in 2015 also revealed that the distribu-
tion of gynecologists was very unequal between different
provinces of Iran (0.70) (26). The difference in the Gini co-
efficient of distribution of gynecologists between Iran and
the studied province was significant (0.77 and 0.4, respec-
tively). In explaining this difference, it can be stated that
most medical graduates like gynecologists tend to serve in
provinces with higher levels of welfare. Since the welfare
gap in Iran’s provinces is higher than that in the province’s
cities, the distribution of gynecologists in Iran is more un-
equal than the province studied. In the study by Honar-
mand et al., Gini coefficients of distribution of gynecolo-
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Table 1. Number of Pediatricians, Gynecologists and Midwives Per 1000 Live Births in Different Cities of Lorestan Province (2011 - 2017)

Cities

Variables

Pediatricians Gynecologists Midwives

Mean ± SD Max Min Mean ± SD Max Min Mean ± SD Max Min

Azna 0.815 ± 0.28 1.5 0.66 1.32 ± 0.49 2.25 0.68 18.8 ± 3.7 21.9 10.5

Aligudarz 1.35 ± 0.61 2.66 0.68 1.07 ± 0.34 1.5 0.67 20.4 ± 6.1 33.6 13.6

Borujerd 1.06 ± 0.18 1.29 0.8 1.22 ± 0.21 1.63 0.98 14.2 ± 2.5 19.2 11.5

Pol-e Dokhtar 0.99 ± 0.55 1.87 0 1.37 ± 0.17 1.86 1.18 26.2 ± 3.1 30.3 20.5

Khorramabad 0.67 ± 0.14 0.8 0.38 0.8 ± 0.1 0.91 0.62 20.6 ± 3.2 25.2 14.7

Delfan 0.79 ± 0.23 1.1 0.54 0.72 ± 0.18 0.98 0.54 18.9 ± 3.5 26.3 14.4

Dorud 1.00 ± 0.28 1.28 0.55 0.47 ± 0.2 0.83 0.26 9.0 ± 4.4 19.2 6

Selseleh 0.73 ± 0.55 1.96 0 0.56 ± 0.23 0.67 0 23.1 ± 3.9 30.8 19.2

Kuhdasht 0.76 ± 0.19 1.1 42 0.71 ± 0.12 0.85 0.5 17.4 ± 4.0 26.7 13.9

Lorestan
Province

0.91 ± 0.43 2.66 0 0.92 ± 0.41 2.25 0 18.7 ± 6.2 33.6 6

Table 2. Gini Coefficients of Distribution of Pediatricians, Gynecologists and Midwives in Lorestan Province (2011 - 2017)

Year

Resources

Pediatricians Gynecologists Midwives

Estimates P Value SE Estimates P Value SE Estimates P Value SE

2011 0.27 0.001 0.06 0.33 < 0.001 0.057 0.4 0.0004 0.056

2012 0.18 0.01 0.064 0.299 0.002 0.076 0.379 < 0.001 0.047

2013 0.249 < 0.001 0.05 0.334 < 0.001 0.07 0.36 < 0.001 0.047

2014 0.275 0.008 0.09 0.34 0.008 0.11 0.34 < 0.001 0.055

2015 0.28 0.0017 0.07 0.4 0.003 0.11 0.38 < 0.001 0.055

2016 0.31 0.003 0.085 0.24 0.002 0.06 0.36 < 0.001 0.048

2017 0.3 0.005 0.09 0.32 0.004 0.09 0.34 < 0.001 0.043
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Figure 1. Lorenz curve for pediatricians, gynecologists, and midwives in Lorestan Province during the years 2011 - 2017

gists in Iran were 0.297, 0.39, and 0.15 in 2010, 2011, and
2012, respectively, which shows that the distribution of gy-
necologists has a different trend, such that at first the dis-

tribution situation was worse and in the final year of the
study, a significant improvement in the distribution pro-
cess was noted (30).
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Table 3. Time-Trend Analysis of Gini Coefficients for the Resources Studied in Lorestan Province During 2011 - 2017

Variables β-Coefficient Standard Error Prob > Chi2 (Breusch-Pagan) P Value

Pediatricians 0.013 0.006 0.06 0.09

Gynecologists -0.003 0.01 0.25 0.77

Midwives -0.007 0.003 0.99 0.08

Table 4. Index of Dissimilarity and Gaswirth Index of Disparity for the Resources Studied Across the Cities in Lorestan (2011 - 2017)

Year
Index of Dissimilarity Gaswirth Index

Pediatricians Gynecologists Midwives Pediatricians Gynecologists Midwives

2011 8.7a(3b) 8.5 (3) 13.1 (83) 0.49c(15d) 0.58 (18) 0.49 (307)

2012 19.4 (5) 16.4 (5) 12.7 (77) 1.35 (35) 0.58 (19) 0.47 (287)

2013 14.3 (4) 14.3 (4) 15.1 (82) 1.27 (36) 0.69 (19) 0.71 (385)

2014 18.2 (7) 15.5 (5) 10 (53) 1.5 (59) 1.24 (36) 0.44(231)

2015 13.2 (4) 18.4 (5) 10.9(64) 0.94 (30) 0.72 (20) 0.46 (270)

2016 19.6 (5) 16.7 (6) 7.9 (51) 0.92 (25) 1.12 (38) 0.52 (330)

2017 13.2 (4) 13.3 (5) 6.5 (54) 0.46 (13) 0.53 (19) 0.34 (280)

aValue of index.
bRedistributed according to the index.
cValue of index.
dIncreased according to the index.

By comparing the Gini coefficients of the distribution
of Iranian gynecologists in the study by Tourani et al. in
2015 and Honarmand et al. in 2012 (0.70 and 0.15, respec-
tively), the question comes to light that whether the Gini
coefficient of the study by Tourani et al. is the continua-
tion of Honarmand et al.’s study? Given the lack of changes
in the distribution policies of gynecologists and the ad-
mission of gynecology students in Iran, the answer to the
above question is negative. It seems that the difference be-
tween the results of the two studies is due to the sector the
study was performed in (public, private, or both), which
has not been mentioned in those articles. Kazemi Karyani
et al. showed an increasing and decreasing trend in the
Gini coefficient of distribution of gynecologists in one of
the western provinces of Iran (Kermanshah) between 2008
and 2013. The Gini coefficient of that study was 0.49 in 2008
and 0.46 in 2013 (36).

A study conducted in Japan between 2000 and 2014
also presented an increase in inequality in the distribu-
tion of gynecologists based on the Gini coefficient, with the
Gini coefficient in the year 2000 rising from 0.23 to 0.28 in
2014 (37). This is despite the fact that international and na-
tional orientations in recent decades have been in the di-
rection of equal distribution of health services; therefore,
the study of the reasons for failure in the fair distribution
of health services is an inevitable necessity.

The Gini coefficient of distribution of midwives in the
study changed from 0.4 in 2011 to 0.34 in 2017. The study

by Tourani et al. in 2015 also revealed that the distribu-
tion of midwives between different provinces of Iran is rel-
atively unequal (0.40) (26). The closeness of the Gini coeffi-
cient to the distribution of midwives in Iran and the stud-
ied province (0.41 and 0.38, respectively) can be attributed
to the admission rate of midwifery students based on the
welfare status of provinces, while this apportionment is
not applied to the admission of gynecologists.

In the study by Honarmand et al., the Gini coefficients
of midwives in Iran were 0.18, 0.18, and 0.19 in 2010, 2011,
and 2012, respectively, indicating that the trend of mid-
wives’ distribution was not significantly altered (30). The
discrepancy between the Gini coefficients of distribution
of Iranian midwives in the study by Tourani et al. in 2015
and the study by the Honarmand et al. in 2012 (0.40 and
0.19, respectively), as suggested about gynecologists, can
be due to the sector the study was performed in (either
public or private, or both). Comparison of the Gini coef-
ficients of midwives’ distribution in the present study and
the study by Honarmand et al. in 2011 (0.4 and 0.18, re-
spectively) and in 2012 (0.38 and 0.19, respectively) did not
show a significant change; however, as discussed earlier,
the Gini coefficient of distribution of gynecologists in the
mentioned years improved simultaneously at country and
provincial levels. It seems that the differences in employ-
ment policies and the student admissions of these two dis-
ciplines have led to different outcomes. According to the
target group of these two disciplines (pregnant women), it
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is suggested that equal employment policies and student
admissions be applied for them. In the study by Kazemi
Karyani et al., the Gini coefficient of distribution of mid-
wives in one of the western provinces of Iran (Kerman-
shah) changed from 0.25 in 2008 to 0.22 in 2013 (36).

The results by Izutsu et al. in Japan not only showed the
fairer distribution of midwives in Japan compared to the
current study (average 0.24 vs. 0.36), but also indicated an
improvement in the midwives’ distribution between 2000
and 2010 (38). In a study conducted in China (2017), the
Gini coefficient of distribution of midwives was fairer than
the coefficient in the current study in 2015 (0.264 vs. 0.38)
(39). It seems that improving the distribution of midwives
is easier than improving the distribution of gynecologists
due to fewer years of education.

The results of the study indicated that the Gini coef-
ficient of pediatricians varied from 0.18 to 0.3 during the
study period. Although it indicates a relatively equal dis-
tribution of pediatricians in the studied area, it shows a
worsening trend of distribution in the final years of the
study. The results by Kazemi Karyani et al. revealed that
Gini coefficients of distribution of pediatricians in Iranian
provinces were 0.23, 0.25, and 0.21 in the years 2011, 2012,
and 2013, respectively (21).

Comparison of the results of Kazemi Karyani et al.’s
study and the present study indicates the similarity of the
values of the Gini coefficient despite that they show the
Gini coefficient for the distribution of pediatricians at the
country and provincial levels. In other words, it can be
claimed that in the past years, the distribution policy of Ira-
nian pediatricians has been relatively similar at both na-
tional and provincial levels. The study by Sakai et al. in
Japan as a developed country (2010) showed that the Gini
coefficients for the distribution of pediatricians at the na-
tional and state levels were 0.11 and 0.37, respectively, indi-
cating that the distribution policies of pediatricians were
not similar at both levels and it was nationally more equi-
table than the state level (40, 41).

The study by Nomura et al. in Japan (2009) reflected
that the Gini coefficient for the distribution of pediatri-
cians changed from 0.39 in 1996 to 37.0 in 2004 (42). In a
study conducted in China as a developing country (2010),
the Gini coefficient of distribution of pediatricians was
0.20, which is close to the Gini coefficient of the present
study (0.25) (43). The findings of the above studies indicate
that the distribution of pediatricians in the studied coun-
tries not only has not worsened but also has been improv-
ing.

In the present study, the mean values of the dissimilar-
ity index of pediatricians, gynecologists, and midwives in
the study period were 15, 14.7, and 10.9, respectively. In the
study by Kazemi Karyani et al., the dissimilarity index val-

ues for pediatricians in Iran in the mutual years (2011 - 2013)
were 14.93, 14.66, and 11.99, respectively (21).

The results also showed that if the government wants
to reach the access level of all cities to the reference city
level, about 0.99, 0.78 and 0.49 per 10 pediatricians, gyne-
cologists, and midwives should be added respectively. Ki-
adaliri et al. showed that 3 out of every 10 dentists should
be redistributed in the provinces of Iran. In addition, they
concluded that 31,583 dentists should be added to the exist-
ing number to reach the access level of the whole popula-
tion of the country to the access level of reference province
Tehran (44).

One of the reasons for the unequal distribution of spe-
cialists at the provincial level is to provide the minimum
specialized staff per 1,000 live births, which can be due
to limited student admissions in specialized fields in the
country. Some countries encourage health sector human
resources to work in rural and deprived areas through fi-
nancial incentives such as scholarships and lending loans
to doctors working in the mentioned areas (45, 46). There-
fore, it is suggested that governments use different policy
tools such as reducing the length of legal obligations, ap-
portioning specialized disciplines based on the socioeco-
nomic status of provinces and cities, and increasing the
percentage of fee-for-service for medical doctors to help
more equitable distribution of specialized workforce.

The results of this study showed that the distribu-
tion policies of gynecologists, pediatricians, and midwives
were not consistent at the level of the studied province,
while considering the relevance of their target population
(mothers and children), it is necessary that their distribu-
tion adheres the coordinated policies. The distribution of
the studied human resources in some years was not in line
at national and provincial levels, while human resource
distribution policies are expected to be consistent at the
national and provincial levels. Equality indicators at the
national level did not indicate equal distribution at the
county level; therefore, it is suggested that these indices be
measured and monitored at provincial levels, apart from
the national level.

5.1. Conclusions

The results of this study can help health system poli-
cymakers to reduce inequalities in distribution and access
to human resources related to maternal and child health
care. According to the results of the study, the distribu-
tion of pediatricians in Lorestan Province during the stud-
ied years was relatively equitable, but its distribution trend
deteriorated over the years of study. Considering the role
of this group of specialists in reducing child mortality, the
fair distribution of this resource can play an important
role in improving the health and welfare indicators of the
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community. Regarding the relative inequalities in the dis-
tribution of studied health resources, it is suggested that
distributional policies be reformed to reduce the level of
inequality, eliminate the existing gap between districts in
the future, and promote social equality in access to these
resources and health indicators in these demographic sub-
populations.
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