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Abstract

Background Sulfur Mustard (SM) is a chemical warfare agent that has serious short-term and long-term effects

on health. Thousands of Iranians were exposed to SM during the eight-year Iran-Irag conflict and permanently injured
while the socioeconomic imbalance in their healthcare utilization (HCU) and health expenditures remains. This study
aims to describe the HCU of SM-exposed survivors in Iran from 2018 to 2021; identify high-risk areas; and apply

an inequality analysis of utilization regarding the socioeconomic groups to reduce the gap by controlling crucial
determinants.

Methods From Oct 2018 to June 2021, the Veterans and Martyrs Affairs Foundation (VMAF) recorded 58,888 living
war survivors with eye, lung, and skin ailments. After cleaning the dataset and removing junk codes, we defined

11 HCU-related variables and predicted the HCU for the upcoming years using Bayesian spatio-temporal models.
We explored the association of individual-level HCU and determinants using a Zero-inflated Poisson (ZIP) model
and also investigated the provincial hotspots using Local Moran's |.

Results With >90% confidence, we discovered eleven HCU clusters in Iran. We discovered that the expected num-
ber of HCU 1) rises with increasing age, severity of complications in survivors'eyes and lungs, wealth index (WI), life
expectancy (LE), and hospital beds ratio; and 2) decreases with growing skin complications, years of schooling (YOS),
urbanization, number of hospital beds, length of stay (LOS) in bed, and bed occupancy rate (BOR). The concentration
index (CInd) of HCU and associated costs in age and wealth groups were all positive, however, the signs of CInd values
for HCU and total cost in YOS, urbanization, LOS, and Hospital beds ratio groups were not identical.

Conclusions We observed a tendency of pro-rich inequity and also higher HCU and expenditures for the elderly

population. Finally, health policies should tackle potential socioeconomic inequities to reduce HCU gaps in the SM-
exposed population. Also, policymakers should allocate the resources according to the hotspots of HCU.
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Background

Exposure to chemical warfare agents results in serious
acute and chronic health consequences. Sulfur Mustard
(SM) is a cytotoxic and alkylating compound that has
been repeatedly used as a chemical weapon in numer-
ous battles. Hundreds of thousands of people have
been exposed to SM since the time the German army
unleashed it on a large scale during World War I in 1917
[1]. During the Iraqg-Iran conflict in 1980s, Iraq often
used SM as a weapon to bombard Iranian border towns
and made over 400,000 unmasked residents vulnerable
to SM [2—-4]. Meanwhile, SM exposure is strongly linked
to the emergence of serious complications and injuries in
eyes [5], lung [6, 7], and skin [8].

Given that over half of the world’s population still does
not have complete access to basic health care, it is criti-
cal to recognize that these services must be provided to
achieve Universal Health Coverage (UHC) [9]. Iranian
exposed individuals still seek healthcare services in order
to preserve or restore good health, as well as to prevent
and treat diseases caused by SM. Healthcare Utilization
(HCU) is a fine measure of the number of healthcare ser-
vices individuals consume [10, 11]. Furthermore, target
3.8 of the Sustainable Development Goals (SDG) is to
provide health care to all people regardless of their ability
to pay and HCU is a key component of this aim [12].

Significant changes were made to the healthcare system
in Iran following the Islamic Revolution of 1979. These
changes included incorporating provincial health organi-
zations into medical sciences universities and creating a
primary health care network. As a result, from 2000 to
2019, Iran increased its Domestic general government
health expenditure (GGHE-D) per capita from 188.23 to
429.78 United States Dollar (USD) [13] while 7% of Iran’s
GDP goes for healthcare [14]. These changes were made
to improve health equity and provide essential health-
care services [15]. Inequality in the usage of healthcare
services in Iran has been investigated elsewhere [16, 17].
However, the effectiveness of these programs in promot-
ing the HCU of SM-exposed people and declining ine-
qualities remains unknown, even though these programs
expand access to basic healthcare services.

HCU of people involved in military conflicts has
been investigated in Asia [18-23], America [24-29],
and Europe [30-33]. Aside from a few descriptive stud-
ies, to our knowledge, there has been no comprehensive
study on tracking social inequalities in different types
of HCU among SM-exposed citizens in any country.
This study aims to 1) provide a comprehensive descrip-
tion of healthcare utilization of SM-exposed survivors
in Iran, and its changes from 2018 to 2021; 2); measure
the subnational concentration indices in terms of suc-
cessful HCU to identify high-risk areas; and 3) apply an
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association analysis of HCU using the personal charac-
teristics of exposed people along with the environment
determinants to estimate the adjusted effects controlled
for confounding variables.

Methods

Study setting

The Veterans and Martyrs Affairs Foundation (VMAEF)
reported up to 58,888 alive chemically injured individuals
who were exposed to SM from 1980 to 1988. The popu-
lation was followed from October 2018 until June 2021.
Based on the latest divisions, Iran consists of 31 prov-
inces and 32 months that define our study’s geographical
and temporal framework, respectively.

Data collection

We defined the variables after cleaning the dataset and
addressing the missing and misaligned codes. In the
insurance system, every person’s met healthcare needs is
recorded during this time. We categorized the healthcare
services into nine groups named as rehabilitation, labo-
ratory, emergency, imaging, pharmacy, nursing, general
practitioner visit, inpatient and other.

Individual-level variables

The available individual-level factors are age (<50, 50-59,
60—69 or>70 years old) and the state of complications
in eye, lung and skin (for each: none, mild, moderate or
severe).

Provincial variables

The provincial variables included in this research are age,
wealth index (WI), years of schooling (YOS), urbani-
zation, life expectancy (LE), number of hospital beds,
length of stay (LOS), bed occupancy rate (BOR) and hos-
pital beds ratio.

The socioeconomic variables in above are calculated
based on the merged data of Households Income and
Expenditure Survey (HIES) in Iran. Wealth index is cal-
culated through principal component analysis of asset-
defining variables of households who participated in
HIES [34]. Finally, wealth index was divided into three
tertiles (Ql:lowest; Q2:middle; Q3:highest). The same
categorization was applied to other provincial variables.
We gathered the hospital-based variables through Hospi-
tal Statistics and Information System (in Persian: AVAB),
a web-based platform designed for collecting important
information about hospitals in Iran. We finally merged
the mentioned datasets containing socioeconomic and
hospital-based variables. We will explain the use of final
data in Sect. 2.4.
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Spatial autocorrelation analysis

In this study, we used the Local form of the Moran’s
I statistics, to identify the hotspots of HUC and cost-
related variables across 31 Iranian provinces. If the
HCU rate in province i is similar to that of its neigh-
bors, then the value of Local Moran’s I will be positive,
whereas a negative value indicates an unlikely interpre-
tation and hence a heterologous pattern.

Overall, four categories may be used to classify Local
Moran’s I value: clusters with high HUC and low HUC
(High-High and Low-Low, respectively); clusters with
high HUC and lowly utilized neighbors (How-Low);
and clusters with low HUC and highly utilized neigh-
bors (Low—High). In Sect. 3.3, we will reveal the sig-
nificant clusters with 90%, 95%, and 99% confidence.
All Iran maps are extracted from https://www.opens
treetmap.org to draw the figures and reveal the clusters.
More detailed explanations of the method are available
elsewhere [35].

Spatio-temporal modeling

To project the HCU trends, we aggregated their values
by month and province. In other words, we transformed
the individual-level data to unique combinations reflect-
ing mean values of utilization rate, basic insurance, sup-
plementary insurance and total costs in 31 provinces and
32 months (from Oct 2018 to Jun 2021). In the second
step, we fitted a Bayesian spatio-temporal model [35].
We used W1, YOS, urbanization, LE, number of hospital
beds, LOS, BOR, and hospital beds ratio as the independ-
ent variables of these models by merging the aforemen-
tioned dataset wih the one preapred in Sect. 2.2.2.

Zero-inflated Poisson (ZIP) regression model
In order to investigate the association between socio-
demographic factors of individuals and their HCU sta-
tus, all of the individual-level data sources were pooled
and enrolled in this step. The statistical analysis was
performed using Zero-inflated Poisson (ZIP) regres-
sion model since a significant proportion of population
recorded zero HCU during the period [36].
We introduce the model formulation as follows:

Y; ~ ZIP(yi| i, 71) 1)

Plyiei)d T + (1 — m)exp(—4),j = 0
0i=0) =\ 0= mptetexp—ipj=0 @

Where y; is the observed HCU for i-th individual; 4; is
the Poisson distribution parameter which represents the
total number of healthcare services used by i-th person
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from October 2018 to June 2021 and r; is the probability
of zero HCU for i-th individual during this period.

Age, eye, lung and skin complication are the individual-
level predictors of the multiple ZIP regression model.
Provincial variables (W1, YOS, urbanization, LE, num-
ber of hospital beds, LOS, BOR, and hospital beds ratio)
are also entered into the model as the covariates indicat-
ing every participant’s residence condition to provide
adjusted ORs and RRs based on zero-part and count-part
of the model, respectively.

Concentration index

The concentration index (CInd) [37] was used to assess
the degree of inequality in HCU and the expenditures
associated with WI, YOS, urbanization, LE, number of
hospital beds, LOS, BOR, and hospital beds ratio. Covar-
iance between HCU/Costs and the fractional rank of the
person ordered by each of the aforementioned variables
may be used to determine CInd, where CInd is equal to
twice the area between the concentration curve and the
line of equality:

2
Clnd(y) = §Cov(yi,Ri) 3)

Where y; is an integer variable indicating the amount
of HUC received by i-th individual, ¥ indicates the mean
of HCU rate; R; stands for the fractional rank of the i-th
individual by every aforementioned variable and Cov is
the covariance function with sampling weights.

A CInd of 0 indicates no inequality associated with
the variables presented. Negative CInd values indicate
greater HCU/Costs in individuals with lower WI, YOS,
urbanization, LE, number of hospital beds, LOS, BOR,
or hospital beds ratio. Positive CInd values suggest that
persons with greater WI, YOS, urbanization, LE, number
of hospital beds, LOS, BOR, or hospital beds ratio have
higher HCU or expenditures.

It should be noted that the individual data was utilized
to calculate CInd for age, eye, lung and skin complica-
tions while the aggregated provincial data was used to
calculate CInd for WI, YOS, urbanization, LE, number of
hospital beds, LOS, BOR, and hospital beds ratio.

Results

Descriptive characteristics

According to our database, of the total of 58,888 SM-
exposed survivors evaluated, 39,946 used at least one
healthcare service during the period. In total, 1,804,150
services were identified by the insurance company attrib-
utable to SM survivors’ use. Likewise, we estimate that
on average, 16,183 survivors took benefit of HCU and
used 56,380 healthcare services every month, leading to a
HCU rate of 0.96 (0.94—0.98) per person per month.
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Age

According to Table 1, the total numbers of SM-exposed
people for each age category (in years) were as fol-
lows: There were 3,457 people (5.87%) aged <50; 42,683
(72.49%) aged 50-59; 9,838 (16.71%) aged 60-69; and
2,902 (4.93%) aged >70 years old. During 32 months, <50
people had the lowest HCU rate with 29.5 (95% CI:
28.16—30.84) per person and 37.9 (95% CI: 36.31-39.49)
per person benefiting from HCU, whereas people
aged >70 years old had the highest HCU rate with 38.36
(95% CI: 36.41-40.3) per person and 54.95 (95% CI:
52.5-57.41) per person benefiting from HCU.

Complications severity

Of the total population, 50,654 (86.48%) were classified
as having either no eye complications; 7,595 (12.97%)
had mild eye complications, while 324 were classified
as having either moderate or severe complications in
the eyes (0.55% of them). Similarly, 28,135 (49.01%) and
52,289 (89.74%) were respectively categorized as hav-
ing either no complications in lung and skin; 23,516
(40.96%) and 5,330 (9.15%) having mild lung and skin
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complications; 5,757 and 650 experienced upper-mod-
erate complications in lung and skin (10.3% and 1.11%,
respectively).

People who showed no eye complications had the low-
est HCU rate per ordinary and HCU-benefited person
(29.87 and 44.38 respectively) while the highest HCU
rates were observed among severely injured people from
eyes (58.28 and 67.46 respectively). Similarly, while the
greatest HCU rates were found in those with severe lung
lesions (51.98 and 66.3 per ordinary and HCU-benefit-
ted individual, respectively), the lowest HCU rates were
seen in those with no evidence of lung issues (26.75 and
40.37 respectively). People with no skin issues had the
lowest HCU rate per person, as predicted (30.29). Sur-
prisingly, the seriously wounded group had the low-
est HCU rate among those who received HCU (43.55).
In contrast, those with moderate skin complications
recorded the greatest HCU rate per person (36.41) and
HCU rate per HCU-benefited person (48.9).

The information regarding healthcare costs according
to age and complications severity in eye, lung and skin
are available in Table 2.

Table 1 Descriptive characteristics of the population and their HCU status according to age and complications severity in eye, lung

and skin
Variable/Category  No. of exposed No. of exposed people No. of services HCU rate HCU rate
people (%) benefiting from HCU (%) (%) (per one person) (per one person
benefiting from HCU)
Mean (SD) 95% ClI Mean (SD) 95% Cl
Age (years)
<50 3,457 (5.87) 2,688 (6.73) 101,874 (5.65) 29.5(40.22) 28.16-30.84 37.9(41.95) 36.31-39.49
50-59 42,683 (72.49) 29,066 (72.76) 1,260,611 (69.87)  29.56 (44.23)  29.14-29.98 4337 (47.66) 42.82-43.92
60-69 9,838 (16.71) 6,167 (15.44) 330,387 (18.31) 33,62 (49.66) 32.64-34.6 53.57(53.48)  52.24-5491
>70 2,902 (4.93) 2,025 (5.07) 111,278 (6.17) 3836 (5345) 3641-403 54.95 (56.4) 525-5741
Eye
None 50,654 (86.48) 34,061 (85.68) 1,511,524 (84.14)  29.87 (4446) 2948-3026 4438(47.89) 43.87-44.89
Mild 7,595 (12.97) 5419 (13.63) 268,025 (14.92) 3531(50.66) 34.17-3645 4946 (53.81)  48.03-50.89
Moderate 155 (0.26) 128(0.32) 6,962 (0.39) 4521 (5595) 3637-54.04 5439(57.17) 4449-64.29
Severe 169 (0.29) 146 (0.37) 9,849 (0.55) 5828(71.22) 47.54-69.02 6746 (7248) 55.7-79.22
Lung
None 28,135 (49.01) 18,623 (47.66) 751,758 (42.49) 26.75(40.75)  2627-27.22 4037 (44.23) 39.73-41
Mild 23,516 (40.96) 16,209 (41.48) 785,954 (44.42) 3345(47.89) 32.84-34.06 4849 (5094) 47.7-49.27
Moderate 5,382 (9.38) 3,949 (10.11) 212,240 (11.99) 3946 (54.14)  38.01-40.9 53.75(56.79)  51.97-55.52
Severe 375 (0.65) 294 (0.75) 19,491 (1.1) 51.98 (68.86) 45.01-5895 663 (7141) 58.13-74.46
Skin
None 52,289 (89.74) 35,203 (88.88) 1,582,177 (88.3) 30.29 (45.23)  29.9-30.68 4494 (48.76)  44.44-4545
Mild 5,330 (9.15) 3,915 (9.88) 186,124 (10.39) 3494 (4837) 3364-3624 4754(5084) 45.95-49.13
Moderate 556 (0.95) 414 (1.05) 20,245 (1.13) 3641 (50.67) 32.2-40.62 489 (53.27) 43.77-54.03
Severe 94 (0.16) 77 (0.19) 3,353 (0.19) 35.67(3895) 27.8-4355 43.55(38.85)  34.87-52.22
Monthly 58,880 16,183 56,380 0.96 (2.26) 0.94-0.98 348 (3.14) 343-3.53
Total 58,880 39,946 1,804,150 3067 (4551)  303-31.04  45.16(48.94) 44.68-45.64
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Healthcare service categories

Among healthcare services, the highest HCU rate was for
pharmacy category during the study time (13.1 per per-
son; 20.78 per HCU benefited person). On the contrary,
laboratory services had the lowest rate (0.06 per person;
1.39 per HCU benefited person). The greatest and low-
est expenses were for inpatient and nursing care (179.21
and 9.94 USD, respectively). The details about other ser-
vices and their health insurance coverage are presented
in Table 3.

Subnational estimates

The sparsely-populated and overcrowded residences
of SM survivors were respectively in Hormozgan (212)
and Tehran (6,751) provinces. Among those who ben-
efited from HCU during this period, Hormozgan and
Isfahan had the lowest (139) and highest (3,891) num-
ber of residents, respectively. Sistan and Baluchistan
and Chahar Mahaal and Bakhtiari had the lowest and
highest 32-months-HCU rates overall, with rates of 15.2
(95% CI: 12.77-17.63) and 47.17 (95% CI: 43.99-50.34)
per person, respectively (Fig. 1). After the data on HCU
beneficiaries was filtered, Kohgiluyeh and Boyer-Ahmad
province had the highest 32-months-HCU rate at 60.96
(95% CI: 58.59-63.34), while Khorasan, South had the
lowest at 26.61 (95% CI: 23.58-29.65). Other informa-
tion regarding the HCU status at the subnational level
is summarized in Supplementary Table 1.

Figure 2 displays the geographical distribution of
paid expenditures by insurance plans per one health-
care service. Khorasan, North and Alborz had the low-
est and highest costs per service, with 26.03 USD (95%
CI: 23.31-28.76) and 93.54 USD (95% CI: 84.5-102.57),
respectively. During 32 months, we calculated that the
total cost-per-person was lowest in Khorasan, South
at 558.72 USD (95% CI: 440.22-677.22) and highest in
Qazvin at 1,985.6 USD (95% CI: 1,191.48-2,779.72).
Khorasan, South also had the lowest cost-per-person
after zero-HCU recipients were removed from the data
(782.21 USD; 95% CI: 623.64—940.78), while Alborz had
the highest (2,935.91 USD; 95% CI: 2,361.34—3,510.48).
Supplementary Table 2 provides further data on insur-
ance coverage by subnational area.

Hotspot analysis

Based on all HCU-related variables, we identified
eleven clusters in Iran with at least 90% confidence
(Fig. 3). Local Moran’s I identified no Low-Low, High-
Low, or Low—High clusters, but only High-High (HH).
HH clusters are provinces with a high value that have
nearby provinces with a high value based on the cor-
responding index. The most extensive HH clusters were
found in Central and Western Iran.
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Association analysis

Table 4 represents the results of ZIP model reflecting
the relationship between determinants and HCU of SM-
exposed survivors. The findings of the count and inflated
zeros of HCU in SM-exposed survivors are shown in the
RR and OR columns, respectively. The expected number
of HCU rose with increasing age, severity of complica-
tions in survivors’ eyes and lungs, W1, LE, and Hospital
beds ratio (with other factors being constant) (see RRs).
Expected HCU, on the other hand, decreases with rising
skin complications, YOS, urbanization, number of hospi-
tal beds, LOS, and BOR. A person with severe lung injury,
for example, is expected to have 1.56 times the number
of HCU in a person with no complications (assuming no
change in other covariates). In other words, they obtain
56% more HCU than the people with no complications
(reference group) under the identical settings.

Inequality analysis

Table 5 presents the concentration index of HCU and
healthcare expenditures among individuals by every soci-
oeconomic factor. The concentration index of HCU and
related costs in age and wealth groups are all significantly
positive, indicating a tendency of pro-rich inequity and
also higher usage and costs for the elderly population.

On the other side, the concentration index values of
HCU and costs show different directions based on YOS,
urbanization, LOS and Hospital beds ratio. YOS, urbani-
zation, LOS and Hospital beds ratio have negative HCU
and positive cost values, implying higher HCU in least
educated, urbanized and hospitalized areas while the
paid costs are concentrated in most educated, urbanized
and hospitalized areas. Inequity according to hospital
beds ratio has an opposite pattern, revealing higher HCU
in areas that have higher patients proportional to their
hospital beds; while the costs are mostly paid by residents
of areas where the number of patients is lowest compared
to the number of beds.

Projection

According to the predictions of space—time models, we
anticipate that the HCU rate of services will increase by
33.3% from Jun 2021 to Jun 2026 and be equal to 1.24
(0.84-1.69) per person per month. Similarly, the average
cost of healthcare services paid per person per month would
increase by 4.8-fold and reach 311.23 USD in the next five
years. Also, till Jun 2026, the average cost paid by basic and
supplementary insurance would be 61.97 USD and 203.81
USD (3.9-fold and 4.2-fold increase), respectively. The spa-
tial distribution regarding the future estimates is displayed
in Fig. 4. All the observed and predicted estimates, including
the observed and expected payments by insurance plans are
available in Supplementary Tables 3, 4, 5.
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Total cost
per one person (U.S. Dollar)

<956.06

956.06 - 1,179.26
1,179.26 - 1,295.52
1,295.52 -1,471.11
>1,471.11

Share of
supplementary insurance
per one person (U.S. Dollar)

<679.24
679.24 - 823.85
823.85 - 890.22
890.22 - 1,081.9
>1,081.9

Fig. 1 Geographical distribution of HCU and costs paid by insurance plans per one person (Iran's map is extracted from https.//www.openstreet

map.org and further used to depict the figure)

Discussion

Although nursing services are the cheapest among
healthcare services, only about 10% of HCU received by
SM-exposed people are under the nursing category. This
might be due to a large amount of informal nursing care.
The informal caregivers of SM survivors endure a dispro-
portionally large share of the responsibility for the sur-
vivors’ care. They often become the primary healthcare
providers for their own family members, despite having
no formal medical training and little access to financial,
emotional, or social support themselves. Caretakers may
need to work evenings, weekends, and holidays to meet
the 24-h care needs of SM survivors. Aware of the strain
imposed on informal caregivers, providers in the health
care system should develop solutions to back them up.
Nursing professionals should assist in developing inter-
disciplinary care for disabled SM survivors. The extra
guidance might come in the form of supplementary care
instructions. Both victims and caregivers should schedule
regular check-ups with general practitioners and nurses.

The average cost for receiving one healthcare service
was highest in Tehran (the capital of Iran) and surrounding
provinces (Fig. 2). It can be justified by the fact that typically
high-price services are mostly provided in high-quality
medical centers and such centers are more accessible in
mega-cities and wealthier divisions. We also assessed
this using the concentration index and found a pro-rich
inequality in HCU of SM-exposed veterans, which is in line
with a number of studies in different countries [38—41].

Unlike LOS and BOR, we found greater HCU in places
with more patients relative to their hospital beds, while
inhabitants in areas with fewer patients pay the major-
ity of the expenses. The cause might be connected to the
Iranian medical insurance policies. Based on UHC, Iran’s
government launched the Health Sector Evolution Plan
(HSEP) to prioritize emergency treatment. Individuals
in rural Iran who are only covered by a minimal insur-
ance plan will have the most out-of-pocket expenditures.
Besides, high-level hospitals are associated with higher
levels of healthcare quality; therefore, patients are more
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Share of
supplementary insurance
per one service (U.S. Dollar)

<21.97
21.97 -24.04
24.04 - 26.86
26.86 - 33.53
>33.53

Fig. 2 Geographical distribution of HCU and costs paid by insurance plans per one healthcare service (Iran's map is extracted from https://www.

openstreetmap.org and further used to depict the figure)

likely to seek treatment in high-level hospitals if they
have the option. Consequently, those covered by supple-
mental insurance firms prefer to seek treatment in high-
level hospitals where they believe they will receive the
most benefit, resulting in increased medical expenditures
and a major pro-rich inequality [42].

The findings also indicate considerable disparities in
HCU according to YOS quantiles, implying that low-
educated zones have greater HCU. Other researches
indicated that less-educated persons use more health
resources and have lower health conditions than citizens
with higher educational degrees [43, 44]. This might be
attributed to the extra healthcare requirements of peo-
ple with such characteristics that have led to an excess
HCU. Higher-educated survivors are better able to man-
age their own health, adopt healthier habits, and make
effective use of healthcare resources because of their
increased awareness of these topics and their ability to
apply this information. Some diseases, including diabetes
and heart disease, may be avoided or kept under control
with the support of a healthy lifestyle. Also, mild to mod-
erate SM complications in vital organs may be avoided

or mitigated from becoming severe by prompt diagnosis
and treatment [45, 46].

The CInd representing HCU equity based on resid-
ing area urbanization was negative, indicating that SM-
exposed survivors in less urbanized provinces used more
care than inhabitants in more urbanized provinces. This
gap might be explained by a decrease in low-cost services
(e.g., family practitioners) after the implementation of
HSEP, which has resulted in excess HCU by rural inhabit-
ants. Although the costs of family doctor appointments
in rural Iran have decreased generally, some low-income
people still cannot afford them. Most people with basic
insurance seek outpatient treatment in village clinics. This
might also justify the positive CInd value we estimated for
health expenditures based on the urbanization index.

The primary goal of UHC programs is to remove finan-
cial obstacles to accessing healthcare for everybody.
HSEP was Iran’s UHC program established in May 2014
to guarantee citizens access to high-quality medical treat-
ment [47]. In this program, various measures were taken
to expand access to basic health insurance, improve the
quality of care provided by hospitals, lower patients’
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Fig. 3 Hotspots of HCU and costs paid by insurance plans in Iran from Nov 2018 to Jun 2021 using Anselin Local Moran’s | statistics (Iran's map
is extracted from https://www.openstreetmap.org and further used to depict the figure)

out-of-pocket costs for hospital stays, enhance primary
care, and finally revise tariffs for healthcare services to
more reasonable rates. Our results speak to the fact that
the basic insurance coverage has very little to do with the
healthcare costs of SM-exposed people, implying that
HSEP’s goals are not sufficiently fulfilled for these people.
A major obstacle to the effectiveness of the goals might
be the healthcare stakeholders’ worries.

Our results also show that the potential healthcare
needs of SM-exposed people (especially severely injured
ones) can lead to regressive payments in the future. On
the other side, the history of UHC programs in Iran has
shown that attempts to increase access to health insur-
ance have the potential to undermine financial justice by
regressively paying for healthcare. People’s contributions
to new initiatives should grow progressively in line with

their income and wealth to provide stable funding and
improve equity. In other words, future programs should
adjust the healthcare financing to reduce the inequity
according to certain neglected vulnerable groups. We
believe that the ideal funding mechanism would be a tar-
geted progressive tax based on wealth status. However,
this is unrealistic in the near term due to the catastrophic
economic level of the general population in recent years
[48]. A gradual rise in the progressiveness of finance
must be implemented instead.

Our study has a few potential limitations that should
be minded when interpreting the results. First, since
we did not measure the individual-level socioeconomic
determinants of the survivors, it is hard to judge whether
the caregivers’ personal socioeconomic status is directly
associated with HCU. Second, in this study, we focused
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Table 4 Association of determinants with HCU of Iranian people exposed to SM using the ZIP regression model

Variable Category RR (p-value) OR(p-value) Variable Category RR (p-value)  OR (p-value)
Age (years) <50 1 (Ref) 1 (Ref) Urbanization rate Q1 (Lowest) 1 (Ref) 1 (Ref)
50-59 1.138 (<0.001) 1.488(<0.001) Q2 (Middle)  1.019 (<0.001) 0.874 (<0.001)
60-69 1.398 (<0.001)  1.949 (<0.001) Q3 (Highest) 0.975(<0.001) 1.23(<0.001)
>70 1431(<0.001) 1479 (<0.001) Life expectancy (LE) Q1 (Lowest) 1 (Ref) 1 (Ref)
Eye complication None 1 (Ref) 1 (Ref) Q2 (Middle)  0.906 (<0.001) 1.227 (<0.001)
Mild 1.079 (<0.001) 0.844 (<0.001) Q3 (Highest) 35(<0.001) 0.884(0.004)
Moderate 1.062 (<0.001) 0.537 (0.006) Number of hospital beds Q1 (Lowest) ( ef.) 1 (Ref)
Severe 1.375(<0.001) 0363 (<0.001) Q2 (Middle) 0985 (<0.001) 1.35(<0.001)
Lung complication None 1 (Ref) Ref.) Q3 (Highest) 0.854 (<0.001) 1.426 (<0.001)
Mild 1.181 (<0.001) 0.899(<0.001) Length of stay (LOS) Q1 (Lowest) 1 (Ref) 1 (Ref)
Moderate 1.289(<0.001) 0.758 (<0.001) Q2 (Middle) 1.1 (<0.001) 0.967 (0.44)
Severe 156 (<0.001)  0.579(<0.001) Q3 (Highest) 0.8 (<0.001) 0.998 (0.952)
Skin complication None 1 (Ref) 1 (Ref) Bed occupancy rate (BOR) Q1 (Lowest) 1 (Ref) 1 (Ref)
Mild 0.993 (0.007) 0.805 (<0.001) Q2 (Middle)  0.787 (<0.001) 0.842 (<0.001)
Moderate 0.98 (0.005) 0.824 (0.059) Q3 (Highest) 0.877 (<0.001) 1.155 (<0.001)
Severe 0.812 (<0.001) 0.62 (0.083) Hospital beds ratio Q1 (Lowest) 1 (Ref) 1 (Ref)
Wealth index (WI) QW (Lowest) 1 (Ref) 1 (Ref) Q2 (Middle)  1.247 (<0.001) 1.186 (<0.001)
Q2 (Middle)  1.021 (<0.001) 1.043 (0.291) Q3 (Highest) 1.057 (<0.001) 0.87 (0.002)
Q3 (Highest) 1.041 (<0.001) 0.829 (<0.001)
Years of schooling (YOS) Q1 (Lowest) 1 (Ref) 1 (Ref)
Q2 (Middle)  0.966 (<0.001) 1.337 (<0.001)
Q3 (Highest) 0842 (<0.001) 1.498 (<0.001)

Table 5 Concentration index values of HCU and total healthcare
costs on groups of every socioeconomic variable

Variable Concentration index (95% Cl)
HCU Total costs

Age 0.02 (0.013,0.027)* 0.081 (0.067,0.096) *
Wealth index (WI) 0.049 (0.042,0.056) * 0.018 (0.005,0.031) *
Years of schooling (YOS)  -0.056 (-0.062,-0.049) * 0.027 (0.013,0.042) *
Urbanization rate -0.036 (-0.043,-0.029) * 0.028 (0.014,0.043) *
Life expectancy (LE) -0.012 (-0.02,-0.005) *  -0.004 (-0.018,0.01)
Number of hospital beds  -0.086 (-0.093,-0.08) *  -0.008 (-0.023,0.006)
Length of stay (LOS) -0.027 (-0.033,-0.02) *  0.017 (0.004,0.03) *

Bed occupancy rate (BOR)

Hospital beds ratio

-0.038 (-0.045,-0.031) *

0.008 (0.001,0.015) *

0.012 (-0.002,0.026)
-0.017 (-0.03,-0.004) *

" statistically significant (p-value < 0.05)

on the costs paid by insurance companies for caregiving;
however, some evidence suggests that indirect expendi-
tures (e.g., for traveling to well-equipped health centers)
may also induce a higher burden on survivors and their
families. Third, we didn’t check whether the SM survivors

had formal training in caring. It is becoming more evi-
dent that years of education is a helpful index for exam-
ining the provincial-level connection with HCU-related
factors, yet despite this, it is typically overlooked and not
included in policy decisions. More research must be con-
ducted to learn what survivors know about the health-
care services and facilities they need. Moreover, we could
not access a group of determinants assumed to aggravate
the complications of SM-exposed people and we plan to
examine their association in future studies.

Conclusions

In general, this study is the first to extract the socio-
economic inequalities among SM-exposed survivors
on both individual and subnational scales. Poor, less
educated and least urbanized areas significantly worse
in receiving HCU than prospering regions. Taken
together, HCU of SM-exposed survivors is spatially
clustered shows significant pro-rich inequity based on
most determinants. The findings of the study can role
as a guideline for health policymakers in Iran to pro-
mote their UHC plans and allocate resources in a more
appropriate manner to finally reduce the inequity gaps.



Hosseini-Shokouh et al. BMC Health Services Research

Month 1 (November, 2018)

Utilization rate
(per one person)

W <046
| 046-082
0.82-1.08

1.08-1.25
>1.25

Total cost
per one person (U.S. Dollar)

B <1682
16.82-23.29
23.29-27.58

27.58 - 34.94
>34.94

Share of
basic insurance
per one person (U.S. Dollar)

| B2y
2.97-542
542-7.1

7.1-8.99
>8.99

1
A L

Share of
supplementary insurance
per one person (U.S. Dollar)

W <1230
| 1239-16.97
16.97 - 20.66

20.66 - 24.37
>24.37

Total cost
per one person (U.S. Dollar)

Share of
basic insurance
per one person (U.S. Dollar)

Share of
supplementary insurance
per one person (U.S. Dollar)

u
N

(2023) 23:1406

Month 32 (June, 2021)

Utilization rate
(per one person)

<0.81
0.81-0.88

0.88 - 1.02

1.02-1.16
>1.16

=
<40.15
40.15 - 49.46
49.46 - 62.85
62.85-70.36
>70.36

<10.83
10.83-12.33
12.33 - 14.08
14.08 - 15.74
>15.74

<27.14
27.14-36.3
36.3-45.83
45.83 -53.21
>53.21

Page 12 of 14

Month 92 (June, 2026)
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Fig. 4 Geographical distribution of HCU and costs paid by insurance plans per one person in different months (Iran's map is extracted from https://
www.openstreetmap.org and further used to depict the figure)
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