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ABSTRACT
Introduction  There is limited evidence on the associations 
between economic and social disparities in the Eastern 
Mediterranean region (EMR) with COVID-19 infections and 
deaths. This study aims to investigate the relationship 
between income inequalities using Gini coefficients and 
COVID-19 cases and deaths per million population in the 
EMR countries.
Methods  Country-level data on monthly COVID-19 cases 
and deaths between March 2020 and October 2021, 
along with data on selected confounders, were collected 
from publicly available databases. Mixed-effect negative 
binomial and inverse hyperbolic sine transformation 
regressions were estimated to examine the association.
Results  The study showed that, in the EMR, a 
unit increase in Gini coefficient is associated with 
approximately 7.2% and 3.9% increase in COVID-19 
cases and deaths per million population, respectively. 
The magnitude and direction of the association between 
income inequality and COVID-19 cases and deaths per-
million population still remain the same after excluding 
four warzone countries from the analysis.
Conclusion  This increase in COVID-19 cases and deaths 
is underpinned by the fact that a large number of the 
population in the region is living in conditions of poverty, 
with inadequate housing, comorbidities and limited or 
virtually no access to essential healthcare services. 
Healthcare policy-makers across countries in the region 
need to implement effective interventions in areas of 
income inequality, where it may be linked to increasing the 
risk of COVID-19 cases and deaths.

INTRODUCTION
Since it appeared in December 2019, 
COVID-19 has become the largest pandemic 
in a century, causing a significant health 
and economic burden globally. As of 21 
December 2022, there have been approx-
imately 650.3 million COVID-19 infection 
cases and 6.65 million deaths recorded world-
wide, of which the Eastern Mediterranean 
Region (EMR) accounts for 3.6% and 5.2%, 
respectively.1 Many countries have been 
facing second or third waves of COVID-19 

infections, mainly due to the evolution and 
spread of new variants of the virus. A number 
of these new variants are highly transmis-
sible and responsible for significant increase 
in COVID-19 related hospitalisations and 
deaths.2

The prevalence of cases from COVID-19 
infections and deaths is disproportionately 
higher among socioeconomically disadvan-
taged groups, and further enhanced by health 
disparities.3–7 People living under poverty in 
crowded and unhealthy environments with 
poor access to water and sanitation are at 
greater risk of COVID-19 infections.8 These 
populations also have increased risk of severe 

WHAT IS ALREADY KNOWN ON THIS TOPIC?
	⇒ There is limited evidence on the association be-
tween economic and social disparities in the Eastern 
Mediterranean (EM) region and COVID-19 cases and 
deaths.

WHAT THIS STUDY ADDS?
	⇒ Income inequality via Gini coefficients is significantly 
associated with COVID-19 infections and deaths in 
the EM region countries.

	⇒ The results are valid even after excluding four war or 
conflict zone countries in the region.

	⇒ The findings are based on non-aggregated country-
level data, and the estimated regression accounted 
for the time effect while estimating COVID-19 cases 
and deaths.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY?

	⇒ The increase in COVID-19 cases and deaths is un-
derpinned by the fact that a large number of the 
population in the region is living in conditions of 
poverty, with inadequate housing, comorbidities and 
limited or virtually no access to essential healthcare 
services.

	⇒ Targeted and effective interventions are needed to 
implement in areas with high-income inequalities.  on N
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COVID-19 disease and deaths, mainly because of their 
high rates of general ill health, which is a risk factor for 
COVID-19.9–12 Existing underlying health conditions 
such as cardiovascular disease, dementia, diabetes and 
respiratory diseases also increase the risk of severe illness 
and mortality from COVID-19.13 In fact, poor health 
outcomes are results of poverty and socioeconomic 
deprivation, which eventually can contribute to increase 
health inequalities.

Many factors (demographic or social–economic) are 
likely to be associated with COVID-19 infections; however, 
these factors might be different for severe COVID-19 
diseases or fatality. For example, at the beginning of the 
pandemic COVID-19, infections were higher among rela-
tively young expatriate workers in some EMR countries, 
but the incidence of severe COVID-19 disease or death 
was lower among this population.8 Factors that appeared 
to be associated with increased COVID-19 infections and 
case fatality rates are ethnicity and income14; age and 
comorbidity15 16; deprivation17; older age, CO2 emission 
rates, life expectancy and diabetes prevalence18; the 
percentage of the elderly population19; obesity20; popula-
tion size of a country21; GDP per capita22 23 and a democ-
racy index.23 It can be argued that income inequality is 
likely to have an association with ill health. For example, 
any measures that reduce the spread of health conditions 
(eg, COVID-19 infections and severe disease) across a 
population would likely to improve the distribution of 
income.24 This is particularly true in developing coun-
tries where health issues are important determinants 
of income,25 and in some countries, healthcare expen-
ditures could be large relative to income.26 Addressing 
health-related issues like providing clean water, malaria 
eradication campaigns or vaccination programmes 
not only can improve population health but also may 
reduce the gap between income distributions.24 The 
same mechanisms apply to COVID-19 pandemic in the 
EMR countries—the World Bank (WB) estimated that 
there would be an increase of 2.8–3.4 million people 
living in extreme poverty in the Middle East North Africa 
region by the end of 2020, as opposed to an expected 
decrease in extreme poverty, prior to the pandemic.27 
During the pandemic, income loss was 30% more in the 
most deprived households than in the least deprived 
in Morocco28; in Lebanon, those most at risk of loss of 
income were women, young people aged 24–34 years 
old, and informal workers.29 From a survey in Pakistan, 
those with no education reported more income loss 
than those with secondary education and above30 and in 
Syria, COVID-19 had serious negative impacts on the low-
earner refugees and internally displaced persons (IDPs), 
who generally work in the informal sectors.27

Many features of health among population in the 
EMR countries are directly or indirectly associated with 
COVID-19 infections and the severity of the disease. 
Health inequality in sheer magnitude, both within and 
between country, is one of the major challenges in the 
region. For example, an overall life expectancy varies 

from 59 years in Somalia to 84 years in Kuwait, and in 
terms of within-country inequality, Sudan has the worst 
under-5 mortality rate of 112 deaths per 1000 live births 
in some areas, compared with the best-off area with a 
rate of 30 deaths per 1000 live births.8 The region suffers 
from one of the highest burdens of non-communicable 
diseases (NCDs) in the world. More than half of the EMR 
countries experience 70% or more of deaths from NCDs.8

Another major challenge is that the region belongs to 
a large number of war and/or conflict-zone countries 
and, the life expectancy in these countries is 9 years lower 
than the global average.8 People living in a war or conflict 
zone are always at a greater risk of socioeconomic deter-
minants that affect their health. Linked with the conflict 
or war, the region is also host to a large number of 
international refugees or IDPs. According to 2019 WB’s 
Harmonized list of Fragile Situations, 10 out of 36 coun-
tries and territories are in the EM region.8 In addition, 
like in other societies, people in the EMR suffer from 
unemployment, poverty, economic inequity and income 
inequality in terms of distribution of wealth, all of which 
are more prevalent in the region and negatively affect 
health.8 The Middle East remains as the most unequal 
region in the world with a top decile income share corre-
sponds to 64%, compared with 37%, 47% and 55% in 
Western Europe, USA and Brazil, respectively.31 It may 
be due to enormous both between-country (oil-rich vs 
population-rich) and within-country inequality (which is 
generally underestimated due to a lack of accurate data) 
in the region. Moreover, some countries in the EMR have 
long been experiencing warzone conflicts, which further 
aggravate the challenges for policy-makers to tackle 
the pandemic and increase socioeconomic and health 
disparities, and inequalities among the people of these 
countries.

The COVID-19 pandemic has affected almost all coun-
tries in the world by economic declines and increasing 
poverty. In the EMR, even the wealthier nations in the 
GCC are negatively affected, mainly due to a collapse of 
the oil prices. GDP is expected to decrease by about 4% 
across the region in 2020 and by 13% in conflict-affected 
countries.32 Based on WB estimates, it was suggested 
there would be an increase of between 2.8 and 3.4 million 
people living extreme poverty in the EMR countries by 
2020, which, by contrast was a forecast of decrease from 
the prepandemic level.33 It is evident that there was a 
significant projected increase in extreme poverty in the 
region, and that there was a wide variation in extreme 
poverty between countries.34 A number of EMR coun-
tries with higher income inequality experience higher 
extreme poverty headcount ratios. For example, in 
Djibouti, Egypt and Iraq, the pre-COVID-19 extreme 
poverty rates were 31.8%, 24.1% and 11.8%, respec-
tively,34 and the Gini coefficients for these countries were 
41.6, 31.5 and 29.5, respectively. The poorest people lost 
household income more often in Morocco, where 74% of 
the workers in the most deprived households lost income, 
which is 30% more than in least deprived households.28 
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In Afghanistan, the percentage of displaced households 
who could not pay their debts increased by 13% between 
2019 and 2019.35 The pandemic has severely affected the 
income of refuges and IDPs who are low earners, and 
most likely to work in the informal sector. Poverty rates 
increased among Syrian refugees in Jordan, the Kurdish 
region of Iraq and Lebanon, as observed from a recent 
WHO EMR report.8

People from the most disadvantaged groups need to 
remain in the labour force even during natural calam-
ities like a pandemic to afford survival in a region that 
also includes much wealthier citizens.36 This is quite 
a common scenario in many EMR countries where a 
large number of expatriate labourers, IDP, migrants and 
refugees of lower income group live in labour camps or 
large households, often in poor and overcrowded living 
conditions.37 A number of EMR countries have limited 
access to sanitation, adequate water supply or hygiene 
services in order to wash frequently to reduce the risk 
of COVID-19 infections.38 During the early stage of the 
pandemic, expatriate migrant workers in some EMR 
countries were quarantined in crowded accommodation 
without enough support for access to food, sanitation 
and healthcare services.8 These might be associated with 
higher infection rates among migrant workers at the early 
stages of the pandemic in some Gulf Cooperation Council 
(GCC) countries.39 40 Given higher possibilities of expo-
sure for these disadvantaged groups, it is very difficult 
for them to maintain and comply with COVID-19 guide-
lines to prevent infections. Individuals with lower income 
generally reside in crowded accommodation with a lack 
of facilities, and have public-facing jobs such as services, 
cleaning, child and elder care, which can increase the 
risk of exposure to COVID-19 virus.41 Essentially, income 
inequality may be associated with increasing opportuni-
ties for spreading the infection. Income inequality creates 
social stratifications in health and its negative impact on 
population health is well documented.42

In many EMR countries, inequalities in income, living 
conditions, access to healthcare services and occupations 
are appeared to be related to increased COVID-19 infec-
tions and deaths. For example, poor living conditions and 
big households make social isolation difficult and may 
be associated with high rates of household transmission 
among IDPs, refugees and low-earner migrant workers.8 
A study among IDP camp residents in Somalia revealed 
that 71% of people lacked access to washing facilities, 
67% lacked access to soap and 47% said living condi-
tions in camps needed to change to prevent the spread 
of COVID-19.43 Households without access to safe water, 
good nutrition and cooking fuel are responsible for weak-
ening immune systems, hence, are at greater risk of infec-
tions.44 Although overall infections were relatively low in 
GCC countries, official figures during the early stages of 
the pandemic showed the infections were significantly 
higher among low-earner economic migrant workers.45 46 
In March 2020, Qatar reported 238 COVID-19 cases in an 
industrial zone residential compound of 360 000 migrant 

workers, which led to a strict lockdown of the area. In 
Saudi Arabia, more than half (53%) of COVID-19 cases 
in April 2020 were foreigners (who are predominantly 
low-earner migrant workers), and by May 2020, this 
figure rose to 71%.40

While investigating the association between income 
inequality and COVID-19, a question arises whether the 
relation can go in both directions, especially whether any 
pre-existing inequalities might be linked with higher rates 
of infection.47 The relationship between inequality and 
the pandemic has been investigated in the literature.48 49 
Although the interest has turned to focus on the effect 
of a pandemic on inequality, it is still the case today.50 
However, a number of studies also looked at the effect 
of inequality on pandemics and indicated that socioeco-
nomic inequalities are linked with health impacts of the 
Cholera, Ebola, Tuberculosis and HIV epidemics.51–53 
There has been a large volume of literature which have 
investigated the impact of inequality on health in general. 
For example, a study from the UK revealed that, given 
similar working conditions, civil servants of higher ranks 
had experienced less heart disease and other chronic 
conditions than their counter parts, after adjusting for 
some baseline risk factors.54 55 These findings are in line 
with a relative income hypothesis—an individual’s health 
depends on income relative to others in the society they 
belong to, rather than on absolute income.55 56 There 
has been considerable debate about whether income 
inequality is more important than absolute income in 
determining health outcomes.57 58

The link between income and health is well established. 
In the context of macroeconomics, we understand from 
the relationship between income and life expectancy 
where poorer nations gain substantial increases in life 
expectancy with small increases in income.24 While this 
reflects a correlation between income and health, it is 
also important to understand the impact of inequality. 
The relationship between individual health and income 
is such that an additional dollar of income raises an indi-
vidual’s health in a diminishing manner, suggesting that 
redistribution of income from the poor to the rich will 
reduce health (eg, life expectancy) of the poor more than 
it increases health of the rich, reducing average popu-
lation health in a society.24 59 Countries with more even 
distribution of income will have better average health if 
income and health is non-linearly related at individual 
level.60 A similar principle is also applicable across soci-
eties. Within societies, differences in relative income can 
reflect social patterns in infectious disease.61 A study on 
H1Ni mortality revealed that differential exposure to the 
virus, susceptibility to disease and access to healthcare 
once disease has developed can be attributed to socioeco-
nomic disparities.62 A similar pattern has been observed 
in COVID-19, with an increased rate of transmissions and 
worse health outcomes among poorer population living in 
overcrowded housing and work conditions.63 64 Evidence 
from a few recent studies in the US showed moderate 
association between state-level income inequality and 
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COVID-19 cases and deaths.65 66 After adjusted for 
confounders in state-level regressions, a study found a 
higher fatality rate among disadvantaged groups in the 
US,66 and at the same time contradictory evidence from 
a US study showing that regions with higher income and 
education experienced greater risk of COVID-19 infec-
tions.67 Although there is an established socioeconomic 
and health link, relative income inequality and infec-
tious diseases hypothesis presents complex dynamics, 
which need to establish important relationships so that 
vulnerable population groups can be identified.68 More-
over, cross-national evidence of a contextual association 
with COVID-19 is limited.69 Nevertheless, a recent cross-
country study by Chakraborty et al70 investigated the asso-
ciation of time-invariant relative income inequality (via 
GDP per capita and Yitzhaki’s index) with the severity of 
COVID-19 spread using an econometric (panel data anal-
ysis) approach.

A number of recent studies have investigated the rela-
tionship between income inequality and COVID-19 inci-
dence and deaths.71–75 Where the first three studies are 
based on data from the USA, the fourth one is from the 
Organisation for Economic Cooperation and Develop-
ment (OECD) and the fifth is a global study based on 
141 countries. All three studies except Tan et al71 used 
country/county-level aggregated COVID-19 incidence 
and mortality data over a specific study duration, which 
missed to account for a time effect. These studies have 
found a positive relationship between the Gini coeffi-
cient (a measure of income inequality) and COVID-19 
incidence and mortality.

The study aims to investigate the association between 
variation in socioeconomic factors such as income 
inequality and COVID-19 cases and mortality in the EMR 
countries. This is the first ever study in the region which 
investigates the existing level of income inequality and its 
relationship with COVID-19 cases and mortality between 
1 March 2020 and 31 May 2021.

METHODS
Data
The study has used the latest monthly data on COVID-19 
infections and deaths from the European Centre for 
Disease Control. The database contains recorded daily 
cases and deaths for each country, which are then 
converted into country specific monthly data. For each 
country in the EMR, data on 2020 estimate of population 
size are used from the Worldometer76 to convert to cases 
and deaths per-million population.

The main explanatory variable is income inequality, 
measured using the Gini coefficient, which has an intui-
tive relationship with a fundamental inequality tool, the 
Lorenz curve.77 A Gini coefficient of zero (0) represents 
a perfect geographical area where all income is shared 
equally to its population and 100 represents a completely 
unequal society where all income is concentrated to one 
individual. For income inequality, the study uses the value 

from the nearest year published on the WB website,78 
going back as far as 2009, except for Syria, which reports 
the value for 2003. Gini coefficients for most of the coun-
tries are from the WB website. However, for a number of 
GCC (GCC countries include six oil-rich nations in the 
Gulf peninsula—Bahrain, Kuwait, Oman, Qatar, Saudi 
Arabia and UAE) and other countries, there were no 
WB data; hence, the study used data available from the 
published literature or report, mainly sourced from the 
respective country.

The study also considers a number of poten-
tial confounders which include: ‘GDP per capita’, 
‘percentage of total population age over 65’, ‘average life 
expectancy at birth’, ‘number of physicians per 100 000 
population’, ‘time since first case detected’ and ‘strin-
gency index’. Elderly people aged over 65 are more 
susceptible to COVID-19 infections79; however, the risk 
of COVID-19 infections for the younger population with 
underlying conditions and unhealthy lifestyles such as 
obesity and smoking is also high. While the number of 
physicians per 100 000 population can be considered as a 
proxy for accessibility of healthcare facilities, stringency 
index represents strictness of government measures to 
prevent COVID-19 infections and deaths in a country. 
Number of physicians per 100 000 population, GDP 
per capita, percentage of total population age over 65, 
average life expectancy at birth and number of physicians 
per 100 000 population are collected from the WB online 
database,78 and all these data are from 2019, except 
‘number of physicians per 100 000 population’ for which 
an available nearest year was considered. Time since first 
case detected in a country was the duration between the 
date of first case detected and 31 October 2021 (last date 
of the study evaluation period). The end date was chosen 
to exclude the period of Omicron variant, and when 
most of the Eastern Mediterranean countries had lifted 
the lockdown measures.

Stringency index data are collected from the Oxford 
COVID-19 Government Response Tracker80 and 
averaged at monthly. The original stringency index 
represents the strictness of ‘lockdown style’ policies that 
primarily restrict people’s behaviour in the respective 
countries. Nine metrics were used to calculate the Strin-
gency Index: school closures; workplace closures; cancel-
lation of public events; restrictions on public gatherings; 
closures of public transport; stay-at-home requirements; 
public information campaigns; restrictions on internal 
movements; and international travel controls. The index 
is calculated by taking the average of scores from nine (9) 
matrices, each taking values between 0 to 100. A higher 
score represents a stricter response. These indices simply 
indicate strictness of government policies, and should 
not be interpreted as ‘scoring’ the appropriateness or 
effectiveness of a country’s response to the pandemic.

Since all data used in the study are in public domain, 
ethical approval from Qatar University Institutional 
Review Board was not required, and we have followed the 
Strengthening the Reporting of Observational Studies 
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in Epidemiology reporting guideline. The variables and 
their sources can be seen from a table, given in online 
supplemental appendix 1.

Statistical analysis
We explored the association between country-level Gini 
coefficients and COVID-19 cases and deaths per-million 
population by estimating Spearman correlation coeffi-
cient in an unadjusted analysis. Two outcome variables, 
COVID-19 cases and deaths per-million population, are 
highly skewed to the right; hence, a negative binomial 
regression was considered given the overdispersion of 
the COVID-19 data. The regression model was estimated 
within a multilevel structure to account for clustering 
of monthly COVID-19 data (level-1) within countries 
(level-2). We considered a country-level random inter-
cept (mixed-effect) model in adjusted analyses and a log-
link was applied. Statistical significance of the estimated 
level-2 variance will suggest whether there is any country-
level variation in COVID-19 data (cases and deaths per-
million population). The reported likelihood ratio (LR) 
test will indicate whether a mixed-effect negative bino-
mial provides a better fit over a standard negative bino-
mial regression. For checking robustness of results, we 
also estimated the regression model using inverse hyper-
bolic sine (IHS) transformation for variables of inter-
ests.81 The IHS transformation has several advantages 
such that it can handle skewness, retain zeros and nega-
tive values and can overcome drawbacks that generally lie 
within a natural log transformation.82

The potential confounders mentioned above were 
used in the adjusted model, along with a ‘time trend’ and 
binary quarterly seasonal dummies to evaluate temporal 
trends and seasonality in COVID-19 cases and deaths per-
million population. We have considered January to March 
as Q1, April to June as Q2, July to September as Q3 and 
October to December as Q4, where Q1 as a reference 
category. We also considered monthly seasonal dummies 
in the regression, results of which are presented in online 
supplemental appendix 3.

Sensitivity analysis
The study includes four countries: Afghanistan, Libya, 
Syria and Yemen, which fall under conflict or warzone, 
and their healthcare systems are at the brink of collapse. 
These four countries were the last to report COVID-19 
cases in the EMR region. Records of data collected from 
these war-torn countries are most likely to be underes-
timated given the authorities’ chaotic response to the 
pandemic.83 Moreover, a lack of COVID-19 testing, popu-
lation displacement during the pandemic, malnutrition 
and poverty are the main factors contributing to unreli-
able and inaccurate COVID-19 cases and deaths reported 
for these countries.83 We conducted a sensitivity analysis 
by estimating mixed-effect negative binomial regression 
excluding data for Afghanistan, Libya, Syria and Yemen 
and compared results with those based on all 22 coun-
tries of the EMR.

The analyses were carried out using STATA V.15.1.84

Patient and public involvement
This research did not have patient or public involvement.

RESULTS
Between 1 March 2020 and 31 October 2021, there were 
16 638 061 COVID-19 cases and 306 907 deaths from 
COVID-19 across 22 countries in the WHO EMRO region. 
Table 1 provides the summary statistics of COVID-19 cases 
and deaths per-million population, Gini coefficients and 
potential confounders across 22 countries. On average, 
each of these countries experienced 2354.10 COVID-19 
cases and 28.06 COVID-19 deaths per-million population 
during the study period. The lowest COVID-19 cases was 
16.06 per-million population in Yemen and the highest 
was 7915.94 cases per-million population in Bahrain. 
However, the lowest and the highest COVID-19 deaths 
were 3.09 and 74.24 per-million population in Yemen and 
Iran, respectively. The unweighted mean (SD) of country-
level Gini coefficient was 34.94 (5.42). It varies from 26.0 
in UAE and Qatar to 45.9 in Saudi Arabia, suggesting 
that the lowest and highest income inequalities are in 
the GCC countries of the EM region (table 1). Overall, 
there was an increasing trend in monthly COVID-19 cases 
and deaths per-million population in the EMR countries 
(figures 1 and 2).

From an unadjusted crude analysis, Spearman rank 
correlation shows a small negative association between 
COVID-19 cases and Gini coefficient (rho=−0.056, p 
value=0.235). However, this association appeared to be 
positive between COVID-19 deaths and Gini coefficients 
(rho=0.044, p value=0.360).

Table 2 presents estimated risk ratios (RRs) from the 
negative binomial regression results for COVID-19 cases 
and deaths per-million population, respectively. An esti-
mated over dispersion parameter (alpha) value of 1.079 
(95% CI 0.945 to 1.231) for COVID-19 cases and 1.055 
(95% CI 0.903 to 1.234) for COVID-19 deaths per million 
indicate validity of a negative binomial over Poisson 
regression. The statistical significance of estimated LR 
tests (p value ˂0.001) in table  2 suggests that a mixed-
effect model was appropriate for both COVID-19 cases 
and deaths per-million population. There is a substantial 
country-level variation in COVID-19 cases and deaths per-
million population (country-level variance (95% CI) was 
0.423 (95% CI 0.214 to 0.834) and 0.110 (0.044 to 0.277), 
respectively), suggesting a multilevel structure is more 
appropriate than a pooled model.

The estimated model in table  2 reveals a significant 
association between income inequality and COVID-19 
cases per-million population in the EMR countries. After 
controlling for potential confounders and other variables 
that remain fixed, a unit increase in Gini coefficient is 
associated with an 7.2% increase in the COVID-19 cases 
per million during the study period (incidence rate 
ratio (IRR)=1.072; 95% CI 1.006 to 1.142). To put these 
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Table 1  COVID-19 cases and deaths per million, Gini coefficients and selected confounders in EMR countries between 
March 2020 and October 2021

Country COVID-19 data Mean SD Min Max

Kuwait Cases per million 4766.41 3350.44 56.37 10 965.56

Deaths per million 28.43 21.47 0 81.09

Gini coefficient 39.4

Oman Cases per million 2912.72 2753.35 35.61 9825.26

Deaths per million 39.35 41.00 0.19 144.54

Gini coefficient 26.19

Bahrain Cases per million 7915.94 8380.50 300.87 36 376.58

Deaths per million 39.84 58.71 0.57 212.78

Gini coefficient 41.0

Qatar Cases per million 4081.97 3945.13 266.16 14 844.10

Deaths per million 10.41 14.18 0.34 56.99

Gini coefficient 26.0

Saudi Arabia Cases per million 776.18 800.46 41.96 2986.98

Deaths per million 12.44 10.19 0.28 34.44

Gini coefficient 45.9

UAE Cases per million 3702.72 2742.70 64.36 9587.25

Deaths per million 10.69 8.80 0.60 37.13

Gini coefficient 26.0

Egypt Cases per million 158.75 115.09 6.8 415.56

Deaths per million 8.94 5.85 0.44 19.13

Gini coefficient 31.5

Iran Cases per million 3483.55 3238.63 517.61 13 184.42

Deaths per million 74.24 49.32 20.8 201.86

Gini coefficient 42.0

Iraq Cases per million 2495.46 1963.04 16.54 6816.40

Deaths per million 28.13 19.76 1.04 67.95

Gini coefficient 29.5

Jordan Cases per million 4199.72 5547.73 5.94 21 471.08

Deaths per million 53.75 67.79 0 210.05

Gini coefficient 33.7

Lebanon Cases per million 4742.25 4988.13 37.67 17 660.86

Deaths per million 62.80 82.12 0.44 238.44

Gini coefficient 31.8

Libya Cases per million 2567.62 2391.49 1.44 8602.1

Deaths per million 36.64 28.68 0 106.06

Gini coefficient 39.7

Morocco Cases per million 1266.77 1595.34 16.52 6357.51

Deaths per million 19.64 21.73 0.62 76.70

Gini coefficient 39.5

Pakistan Cases per million 282.76 193.65 9.39 677.57

Deaths permillion 6.32 4.29 0.12 15.22

Gini coefficient 31.6

Continued
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numbers into context, one SD increase in Gini coeffi-
cient is equivalent to approximately an 18% increase in 
the mean value of Gini coefficient (table 1). Therefore, 
this 18% increase in income inequality corresponds to 
18×7.2% or 129.6% increase in COVID-19 cases per 
million, an additional 3051 cases per million at the 
mean. The other variable that showed a significant posi-
tive association with COVID-19 cases is Stringency Index 
(IRR=1.032; 95% CI 1.024 to 1.041), suggesting that, if 
all other variables are kept fixed, a unit increase in Strin-
gency Index corresponds to a 3.2% increase in COVID-19 
cases in the region. ‘Life expectancy at birth’ and ‘the 

number of days since first case detected’ are appeared 
to be positively associated with COVID-19 cases at 1% 
level of significance (IRRs (p value) are 1.205 (˂0.001) 
and 1.050 (0.001), respectively). There is also a signifi-
cant increasing trend in the COVID-19 cases per-million 
population over the study period (table 2). This can be 
seen from the estimated IRRs and 95% CI (p values) for 
‘Time trend’ variable in table 2 and figure 1. GDP per 
capita, percentage of population over 65 years old and 
number of physicians per 100 000 population appeared to 
be statistically non-significant at 5% level of significance 
in the multivariate analysis of COVID-19 cases (table 2).

Country COVID-19 data Mean SD Min Max

Palestine Cases per million 4336.76 4089.33 19.91 11 762.76

Deaths per million 44.64 44.23 0.19 127.90

Gini coefficient 33.7

Sudan Cases per million 45.02 43.36 0.16 166.00

Deaths per million 3.45 2.79 0.02 9.17

Gini coefficient 34.2

Syria Cases per million 118.04 122.59 0.55 489.23

Deaths per million 6.99 5.91 0.06 17.89

Gini coefficient 37.5

Tunisia Cases per million 2985.76 3420.39 6.95 14 197.83

Deaths per million 105.74 110.43 0 396.04

Gini coefficient 32.8

Yemen Cases per million 16.06 20.46 0 67.96

Deaths per million 3.09 3.45 0 11.09

Gini coefficient 36.7

Djibouti Cases per million 672.42 868.50 28.94 3091.21

Deaths per million 9.03 17.09 0 72.84

Gini coefficient 41.6

Somalia Cases per million 67.23 69.66 0.31 253.13

Deaths per million 3.69 4.86 0 17.73

Gini coefficient 36.8

Afghanistan Cases per million 196.11 289.79 4.04 1175.36

Deaths per million 9.14 13.64 0.10 48.37

Gini coefficient 31.6

Overall Cases per million 2354.10 3741.61 0 36 376.58

Deaths per million 28.06 47.62 0 396.04

Gini coefficient 34.94 5.42 26.00 45.90

GDP per capita 9320.61 12 899.01 313.9 50 124.4

Percentage of population over 65 4.17 1.93 1.26 8.87

Life expectancy at birth 72.63 5.63 57.4 80.23

No. of physicians per 100 000 population 130.69 87.92 2.3 264.63

No. of days since first case detected 608.36 14.27 569.0 641.0

Stringency Index 59.57 19.77 11.3 99.52

EMR, Eastern Mediterranean Region.

Table 1  Continued
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For COVID-19 deaths, the negative binomial regression 
also estimates a significant association between income 
inequality and COVID-19 deaths per-million population 
(table 2). The adjusted model shows that a unit increase 
in Gini coefficient is related to a 3.9% increase in the 
COVID-19 deaths per-million during the study period 
(IRR=1.039; 95% CI 1.001 to 1.079). That means, it is 
equivalent to 18×3.9% or 70% increase in COVID-19 
deaths per million or an additional 20 deaths per million 
at the mean. Similar to COVID-19 cases in table 2, strin-
gency index shows a significant positive association 
with COVID-19 deaths per-million population. Like in 
COVID-19 cases, there is an increasing trend observed 
in the estimated IRRs from table 2, which are also in line 
with figure  2. GDP per capita, which can be seen as a 
proxy of the economic development of a country, is asso-
ciated with decreasing COVID-19 deaths in the EMR 
countries (IRR=0.999; 95% CI 0.998 to 0.999).

The robustness check through results from the IHS 
regression models for COVID-19 cases and deaths are 
presented in online supplemental appendix 2. The 
IHS model produced similar results as in mixed-effect 
negative binomial regressions. After adjusting for the 
confounders, it was showing a positive and statistically 

significant association between Gini coefficients and 
COVID-19 cases and deaths per-million population. The 
estimated IHS regression for COVID-19 cases shows that 
62% of the total variation in the dependent variable can 
be explained by the regressors. A 1% increase in the 
Gini coefficient is associated with a 1.65% increase in 
COVID-19 cases per million population (p value=0.003) 
in the EMR region (online supplemental appendix 2). 
A similar positive association from the IHS regression is 
linked with an increase in COVID-19 deaths per million 
population by 1.13% (p value=0.037). Like in the mixed-
effect negative binomial regression, IHS models also 
produced statistically significant positive associations 
between stringency index and Gini coefficients (online 
supplemental appendix 2).

Sensitivity analysis
The magnitude and direction of the association between 
income inequality and COVID-19 cases and deaths per-
million population still remain the same after excluding 
four warzone countries from the analysis (table  3). 
However, results from the sensitivity analysis indicate 
that a unit increase in Gini coefficient is associated 
with a 5.9% increase in COVID-19 cases per-million 

Figure 1  Monthly COVID-19 cases per million population during March 2020 to October 2021 in the Eastern Mediterranean 
region, by country.
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population (reduced from 8.1% for all 22 countries, p 
value=0.013). A similar positive association was observed 
between Gini coefficient and COVID-19 deaths (the 
increase in mortality was 5.1% per-million population; p 
value ≤0.001). Overall, regression results from sensitivity 
analyses for both COVID-19 cases and deaths per million 
remain almost similar to the base case analysis involving 
all 22 countries.

DISCUSSION
Main findings
This is the first study investigating the association between 
pre-existing income inequalities across countries in the 
EMR and COVID-19 cases and mortality. Our study find-
ings add to the emerging evidence in the literature that 
suggests a strong positive association between economic 
disparities and the incidence of COVID-19 cases and 
deaths. The study demonstrates that a greater level of 
income inequalities in Eastern Mediterranean countries 
corresponds to a higher rate of COVID-19 infections 
and deaths during the study period. That is, a one unit 
increase in income inequality via the Gini coefficient is 
associated with an increase in COVID-19 infection and 
death rates by approximately 7.2% and 3.9% per million 

population, respectively, in the region. The magnitude of 
the association for COVID-19 deaths per-million popu-
lation remains consistent in the sensitivity analysis, by 
excluding data for four warzone countries in the region.

COVID-19 cases and deaths are likely to be higher in 
countries with high income inequality, because these 
countries might have better records of incidence and 
mortality than countries with low income inequality.74 
For example, high-income countries in the GCC and 
a number of other countries in the region have better 
healthcare systems in terms of contact tracing and 
testing.85 86 And, some of these countries (eg, Bahrain, 
Kuwait, Saudi Arabia, Iran) have higher income inequal-
ities in the region. However, after adjusting for GDP, 
there is no valid reason to agree that higher income 
inequality reflects a better recording of COVID-19 cases 
and deaths.74 Following a number of initial lockdowns, 
many countries including those in the Eastern Mediter-
ranean have come out from government restrictions and 
strict measures during the first wave of virus, and started 
to have a systematic and accurate recording of COVID-19 
data.

The observed positive association between income 
inequality and harm to the population health, via 

Figure 2  Monthly COVID-19 deaths per million population during March 2020 to October 2021 in the Eastern Mediterranean 
region, by country.
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COVID-19 cases and deaths, reflects what the inequality 
researchers link to the failure of critical social and public 
infrastructure; including education, transportation and 
healthcare.61 77 This may be the case in many Eastern 
Mediterranean countries where there are significant 
social and economic disparities, which means that people 
from disadvantaged group are likely to be deprived from 
necessary healthcare services during the pandemic. 
Another reasonable argument lies with the fact that, 
many Eastern Mediterranean countries, including those 
in the GCC, have a large expatriate population, who are 
predominantly socioeconomically disadvantaged and 
low earners, compared with the native population.87 For 
example, of the total non-nationals in the labour force 
in the GCC countries, approximately only 10%–22% 
foreigners were covering high-skilled jobs.88

People with longer life expectancy generally represent 
a healthy population with a low probability of death at 
a younger age.74 However, higher life expectancy indi-
cates that more elderly people in the community who are 
appeared to be at a greater risk of COVID-19 cases and 
deaths, especially those who have underlying comorbid-
ities such as CVD and diabetes. Our study showed that a 
unit increase in average life expectancy in EMR countries 
is associated with a 21.7% and 13% increase in COVID-19 
cases and deaths, respectively. The importance of this 
result lies in that, after including life expectancy in the 

model the estimated Gini coefficient still remains as 
sufficiently large and statistically significant. Unlike life 
expectancy, the prevalence of diabetes showed a nega-
tive association with COVID-19 cases, which was not in 
the expected direction. Although the inclusion of this 
parameter into the model produced a spurious estimate, 
it does not change the main Gini coefficient. This could 
be attributable to a data issue.

Our findings are consistent with evidence from 
the literature. Based on a study for OECD countries, 
Wildman showed that a 1% increase in Gini coefficient 
is associated with approximately 4% and 5% increase in 
COVID-19 cases and deaths per-million, respectively.74 
However, these findings were based on aggregated data 
without accounting for the impact of time. Income 
inequality was also found to be positively associated with 
county-level COVID-19 cases and deaths in the USA.71 72 
A 1.0% increase in a county’s income inequality is associ-
ated with an increase in adjusted RR of 1.020 and 1.030 
for COVID-19 cases and deaths.72

The Middle East persistently represents the highest 
income inequality worldwide—with the top 1% of income 
earners’ sharing almost double (23%) the income of 
the bottom 50% (12%) in 2019.87 There is also a clear 
difference in distribution of income and wealth between 
oil-rich Gulf countries (Bahrain, Kuwait, Oman, Qatar, 
Saudi Arabia and UAE) and more populous non-Gulf 

Table 2  Mixed-effect negative binomial regression for COVID-19 cases and deaths per-million population

Covariates

Cases per-million population Deaths per-million population

IRR 95% CI P value IRR 95% CI P value

Gini coefficient 1.072 1.006 to 1.142 0.031 1.039 1.001 to 1.079 0.031

Stringency index 1.033 1.025 to 1.041 ˂0.001 1.030 1.022 to 1.038 ˂0.001

GDP per capita 1.000 0.999 to 1.000 0.411 0.999 0.999 to 0.999 0.031

Percentage of population over 65 0.829 0.647 to 1.061 0.136 0.942 0.815 to 1.087 0.419

Life expectancy at birth 1.205 1.087 to 1.337 ˂0.001 1.126 1.058 to 1.198 ˂0.001

No of physicians per 100 000 
population

1.000 0.995 to 1.006 0.855 1.000 0.997 to 1.004 0.752

Diabetes_Prevalence 0.853 0.761 to 0.958 0.007 0.940 0.877 to 1.007 0.068

No. of days since first case 
detected

1.051 1.021 to 1.081 0.001 1.019 1.002 to 1.037 0.026

Time trend 1.127 1.101 to 1.154 ˂0.001 1.123 1.097 to 1.149 ˂0.001

Q1 (January to March) Reference Reference

Q2 (April to June) 1.004 0.516 to 1.815 0.976 1.047 0.771 to 1.423 0.662

Q3 (July to September) 0.893 0.452 to 1.348 0.448 0.908 0.674 to 1.224 0.377

Q4 (October to December) 1.323 0.459 to 1.382 0.091 1.331 0.963 to 1.839 0.723

Dispersion parameter—alpha 1.103 0.978 to 1.243 1.024 0.888 to 1.181

Var (country-level intercepts) 0.423 0.214 to 0.834 0.110 0.044 to 0.277

Model χ2 value (d.f.) 231.13 (12) ˂0.001 209.33(12) ˂0.001

N 440 440

LR test χ2 value (d.f.) 78.79 (12) ˂0.001 14.23 (12) 0.0001

IRR, incidence rate ratio; LR, likelihood ratio.
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countries. Non-Gulf countries are little less unequal, 
where 49% (as opposed to 56% in Gulf countries) of 
national income is concentrated among the top 10% 
of earners.87 The sheer amount of income inequality in 
the Gulf and some EMR countries exhibits important 
features of their political economy, where low-paid 
expatriate workers generally live in labour camps under 
unhealthy and poor living conditions, and do not enjoy 
similar privileges as national citizens. Although there is 
a decreasing trend in overall income inequality in the 
region, within-country inequality remains persistently 
high in a number of Middle-Eastern countries.30 Under-
privileged people, those who are already in poor health, 
living with low income or poverty, or working and living 
in crowded or unhealthy conditions, are at greater risk 
of COVID-19 infections or deaths. Declining income can 
also likely lead to poorer living conditions and depri-
vation with worse accommodation, hygiene and basic 
healthcare access—factors that are associated with an 
increased risk of infections and deaths from COVID-19. 
Across the globe, the pandemic negatively affected those 
people who were already poor the most, especially those 
with ill health or insecure income.89

Although COVID-19 has led significant increases in 
healthcare needs across the globe, a large number of 
people in EMR countries or geographical areas have 
been living with under-resourced healthcare services, 

partly due to inadequate investment in health systems 
and infrastructure. For people living in areas of conflict 
or those receiving humanitarian and emergency support 
in the EMR, the pandemic has worsened the conditions 
of already overwhelmed, weakened and fragile health-
care systems. Access to healthcare services has been 
reduced substantially in the region during the COVID-19 
pandemic. In Syria, only approximately half of the 113 
public health hospitals and facilities were functional.90 
Three-quarters of primary care clinics in Libya were not 
in service prior to the pandemic due to the shortage of 
staff, medicine, supplies and equipment.47 Doctors in 
Somalia reported that there were no ventilators and only 
two intensive care units with a total of 31 beds available 
in the country in April 2020.91 Similarly, limited access to 
much needed healthcare facilities during the COVID-19 
pandemic has also been observed in the Gaza strip, 
Yemen, Somalia and Pakistan.3 People from low-income 
groups such as expatriate migrant workers sometimes 
even declined to seek healthcare or testing for COVID-19 
due to the risk of being quarantined or losing income.92

Limitations
As common in most of the cross-sectional studies, our 
study faces some limitations. First, confirmed incidence 
of COVID-19 cases significantly may vary between coun-
tries due to different starting times of the outbreak in 

Table 3  Mixed-effect negative binomial regression for COVID-19 cases and deaths per-million population, excluding four 
warzone countries

Covariates

Cases per-million population Deaths per-million population

IRR 95% CI P value IRR 95% CI P value

Gini coefficient 1.059 1.012 to 1.109 0.013 1.051 1.023 to 1.080 ˂0.001

Stringency index 1.032 1.023 to 1.041 ˂0.001 1.026 1.018 to 1.035 ˂0.001

GDP per capita 0.999 0.999 to 1.000 0.735 0.999 0.999 to 0.999 ˂0.001

Percentage of population over 65 0.671 0.547 to 0.823 ˂0.001 0.790 0.701 to 0.889 ˂0.001

Life expectancy at birth 1.285 1.192 to 1.386 ˂0.001 1.151 1.098 to 1.205 ˂0.001

No. of physicians per 100 000 
population

1.000 0.996 to 1.004 0.876 1.001 0.998 to 1.003 0.329

Diabetes_Prevalence 0.854 0.789 to 0.925 ˂0.001 0.934 0.889 to 0.981 0.006

No. of days since first case detected 1.003 0.971 to 1.038 0.834 1.022 1.002 to 1.043 0.030

Time Trend 1.118 1.089 to 1.148 ˂0.001 1.109 1.082 to 1.137 ˂0.001

Q1 (January to March) Reference Reference

Q2 (April to June) 1.124 0.806 to 1.567 0.492 1.174 0.837 to 1.645 0.353

Q3 (July to September) 0.923 0.669 to 1.274 0.628 0.954 0.681 to 1.336 0.784

Q4 (October to December) 1.377 0.964 to 1.968 0.078 1.334 0.925 to 1.924 0.123

Dispersion parameter—alpha 1.079 0.945 to 1.231 1.055 0.903 to 1.234

Var (country-level intercepts) 0.155 0.063 to 0.379 0.014 0.0002 to 1.030

Model χ2 value (d.f.) 274.09 (12) ˂0.001 263.52 (12) ˂0.001

N 360 360

LR test χ2 value (d.f.) 22.87 (12) ˂0.001 0.24 (12) 0.312

IRR, incidence rate ratio; LR, likelihood ratio.
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different countries, method used and variability in testing, 
and likely differences in implementing stringency meas-
ures. This is not clear how well stringency measures were 
enforced in these countries; however, it gives an indica-
tion about what was happening in terms of governments’ 
COVID-19 actions and measures in EMR countries. It 
is possible that countries with lower income had less 
resources for a nuanced or graded response (eg, partial 
lockdowns) and implemented stringent measures across 
the board instead (eg, Jordan). Also, compliance to meas-
ures depends to an extent on governance in a country 
and on the duration of measures.93 It could also be the 
fact that countries with high-income inequality may have 
enough resources to implement the strictest stringency 
measures, leading a high stringency index. Countries 
with high-income inequalities may also have populations 
who simply do not follow COVID-19 rules and restric-
tions, suggesting a likely increase in cases and fatalities. 
Although, most of the countries had been easing lock-
downs and restrictions, and their daily cases were falling, 
COVID-19 data reporting cannot be directly comparable 
between countries. The study did not cover the period 
during which COVID-19 vaccination programmes rolled 
out globally; hence, it could not investigate the impact of 
the vaccination on COVID-19 disease and mortality. For 
a number of countries, Gini coefficients were not avail-
able from the WB database; hence, data for these coun-
tries were captured from a relevant published article or 
report, which can also be seen as a limitation of the study.

Given this is a cross-country study which faces a chal-
lenge of heterogeneity across counties in the EMR in 
terms of reporting COVID-19 cases and recording of 
mortality data, the source of variations could also be 
related to varied socioeconomic, demographic, medical 
and hospital capacity, and other healthcare system-level 
factors. Although we acknowledge that this could lead to 
bias in analyses, we have conducted a sensitivity analysis 
by excluding four warzone countries to reduce uncer-
tainty in results. Essentially, this is a common phenom-
enon and limitation of a cross-country study like the 
one presented in this manuscript. Due to variation in 
reporting COVID-19 mortality statistics and underestima-
tion of cases, a cross-country comparison of these data 
remains as a challenge.94

CONCLUSION
In line with the growing number of studies in the liter-
ature, our study reveals that income inequality, as meas-
ured by Gini coefficients, in the EMR has a positive and 
significant association with country-level infection and 
mortality rates from COVID-19. Based on the study find-
ings and discussions, it is likely that income inequality 
leads to an increase in COVID-19 infections and mortality, 
partly because a large proportion of population in the 
region are living in poverty, poor housing, with comor-
bidities, or with limited or virtually no access to essential 
healthcare services. Healthcare policy-makers across the 

region need to adopt and implement targeted and effec-
tive interventions in areas of income inequality to both 
flatten the curve and lessen the burden of socioeconomic 
inequality in the region.
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