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Abstract: This study assessed the association between multimorbidity and mortality from COVID-19
in the Middle East and North Africa region, where such data are scarce. We conducted a cross-
sectional study using data of all cases with COVID-19 reported to the Ministry of Public Health of
Qatar from March to September 2020. Data on pre-existing comorbidities were collected using a
questionnaire and multimorbidity was defined as having at least two comorbidities. Proportions
of deaths were compared by comorbidity and multimorbidity status and multivariable logistic
regression analyses were carried out. A total of 92,426 participants with a mean age of 37.0 years
(SD 11.0) were included. Mortality due to COVID-19 was associated with gastrointestinal diseases
(aOR 3.1, 95% CI 1.16-8.30), respiratory diseases (aOR 2.9, 95% CI 1.57-5.26), neurological diseases
(aOR 2.6, 95% CI 1.19-5.54), diabetes (aOR 1.8, 95% CI 1.24-2.61), and CVD (aOR 1.5, 95% CI 1.03-2.22).
COVID-19 mortality was strongly associated with increasing multimorbidity; one comorbidity (aOR
2.0, 95% CI 1.28-3.12), two comorbidities (aOR 2.8, 95% CI 1.79-4.38), three comorbidities (aOR 6.0,
95% 3.34-10.86) and four or more comorbidities (aOR 4.15, 95% 1.3-12.88). This study demonstrates a
strong association between COVID-19 mortality and multimorbidity in Qatar.

Keywords: COVID-19; mortality; comorbidities; multimorbidity; pre-existing diseases; chronic
diseases; SARS-CoV-2; Middle East and North Africa

1. Introduction

Mortality from the COVID-19 pandemic has fallen due to the effects of an unprece-
dented global vaccination campaign [1] and rising population immunity due to previous
infection [2]. However, despite this fall in mortality, some individuals are still at high risk
of death from COVID-19. Evidence from several countries suggests that individuals with
pre-existing comorbidities are at a greater risk of death from COVID-19 [34].

Some of the pre-existing comorbidities that have been associated with a higher risk
of death from COVID-19 are malignancies, chronic renal disease (CKDs), some respira-
tory diseases, including chronic obstructive pulmonary disease (COPD), diabetes mellitus
(DM), and cardiovascular diseases (CVDs), such as heart failure or coronary artery dis-
ease [5]. The Middle East and North Africa (MENA) region consists of large multicultural
expatriate populations and is among the regions with high proportions of people with
chronic diseases such as diabetes [6]. Notably, many countries in this region, with some
exceptions, have good health systems which seem to have fared well during the COVID-19
pandemic [7]. In this region, not many studies have been carried out on the association
between comorbidities and mortality from COVID-19.
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Multimorbidity is defined as having two or more chronic illnesses [8]. While chronic
diseases are linked to a higher risk of hospitalization and death, emerging research suggests
that the presence of several comorbidities simultaneously can further increase the risk
of mortality [9]. In one study, individuals with three or more long-term illnesses had an
increased risk of death than those who did not present with any [10]. Notably, studies on
multimorbidity and mortality from COVID-19 are scarce in the MENA region.

Given the low number of deaths from COVID-19 and the relatively good health
systems in countries such as Qatar, it is still not known whether the relative contribution
of pre-existing comorbidities and multimorbidity to COVID-19 mortality is similar to that
observed in other settings. Thus, our study aims to determine the association between
multimorbidity and COVID-19 mortality in Qatar.

2. Materials and Methods
2.1. Study Design and Participants

This study is a cross-sectional study of all individuals with confirmed COVID-19 in
the state of Qatar in the period March 2020 to September 2020. The data were collected
by the Ministry of Public Health (MoPH) in Qatar. During the aforementioned period,
105,744 individuals were confirmed to have COVID-19 using real-time reverse transcriptase-
polymerase reaction assay (RT-PCR) of pharyngeal swabs and/or nasal swabs. In this
study, we excluded 13,318 individuals who were below the age of 18 years because of the
low prevalence of pre-existing comorbidities and given that no deaths were reported in this
age group during the study period. After the exclusion, 92,426 participants were included,
out of which 161 died.

2.2. Data Collection

Data were collected through a case investigation form, developed by the MOPH based
on the WHO protocol on COVID-19 cases, version 2 [11]. All cases that were reported
to primary health care centers (PHCCs) or hospitals were reported to the MoPH. Data
on mortality was ascertained from MOPH records, and data on comorbidities were self-
reported from telephone calls, due to non-contact COVID-19 disease control protocols at
that time. Other data collected were demographic and clinical data such as nationality, age,
gender, date of birth, symptoms, comorbidities, and mortality status. Comorbidities were
categorized according to the latest International Classification of Diseases 11th Revision
(ICD-11)—Version: 09/2020. However, because of the known association between diabetes
and COVID-19 mortality, diabetes data were collected separately from other endocrine
diseases. The other categories of comorbidities were neurological diseases, respiratory
diseases, gastrointestinal diseases, diabetes, cancer, thyroid diseases, renal diseases, cardio-
vascular diseases, and dyslipidemia. Supplementary Materials Table S1 shows the diseases
and the category corresponding to each disease. Nationality data were collected and then
individuals were classified per the 6 WHO regions (African Region, Region of the Americas,
South-East Asia Region, European Region, Eastern Mediterranean Region (EMR), and
Western Pacific Region), and we combined South-East Asia and Western Pacific into one
category and named it “Asia Pacific”. The number of comorbidities that the patient had
was converted into a comorbidity score, which was then categorized. Multimorbidity was
defined as having at least two pre-existing comorbidities and measured as having two,
three, or at least four pre-existing comorbidities as very few people had more than 4 comor-
bidities. Proportions of deaths were compared by comorbidity status and multivariable
logistic regression analyses were carried out adjusting for confounders.

2.3. Exposure and Outcome Variables

The exposures of interest were pre-existing comorbidities, and the main outcome was
death from COVID-19.
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2.4. Statistical Analysis

We described categorical data using frequencies and percentages and reported mean
age and its standard deviation since age was normally distributed. Pearson X? tests were
used to compare categorical data by death status and a t-test was used for age.

Multiple variable logistic regression was used to obtain adjusted odds ratios (OR) and
their 95% confidence intervals (95% CI) to assess the strength of the association between
comorbidities (predictor variables) and COVID-19 mortality (binary outcome), and the
same done for assessing the association between mortality and multimorbidity (categorized
as 2 comorbidities, 3 comorbidities, and >4 comorbidities). All the comorbidities were
included in one model and adjusted for age and gender. The exact p-value was reported
and used to indicate the degree of evidence against the model hypothesis (OR = 1) at the
current sample size. We used STATA 16.0. for all analysis.

2.5. Ethics

This study received ethical approval and waiver of informed consent from the Institu-
tional Review Board (IRB) (QU-IRB 1413-E/20) at Qatar University (QU) and permission
from the MoPH (ERC-826-3-2020). This study was conducted according to the ethical
guidelines of the Declaration of Helsinki [12].

The study is reported according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline (Supplementary Materials Table S2).

3. Results
3.1. Characteristics of Included Participants
Out of the total of 105,744 cases during the study period, 92,426 participants were in-

cluded after the exclusion of those below 18 years of age. (Figure 1). There were 161 deaths
from COVID-19.

Original Dataset

n=105,744
Excluded individuals
<18 yrs. old
n=13,318
Sample size with individuals
>18 yrs. old
n=92,426
|
| |
Death No Death
n=161 n=92,265

Figure 1. Flow chart showing how participants were included.

As expected, the mean age of the participants who died was significantly older than
that of those who were alive during the study period (65.4 years (SD 14.5) vs. 37.0 (SD 11.0),
respectively, p < 0.001). Approximately 80% of the cohort were males, reflecting the gender
distribution in the country, with no statistical difference in the distribution of females and
males between participants who died and those who were alive during the study period
(Table 1). Approximately 72% of the individuals who died had at least one comorbidity,
compared to 13.6% of controls (Table 1).
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Table 1. Description of the cohort.

Level No Death Death p-Value
N 92265 161
Age (y), mean (SD) 37.0 (11.0) 65.4 (14.5) <0.001
Age groups (years), n(%)
18-29 25294 (27.4%) 2 (1.2%) <0.001
30-39 34702 (37.6%) 3 (1.9%)
40-49 19544 (21.2%) 16 (9.9%)
50-59 9085 (9.8%) 33 (20.5%)
60-69 2887 (3.1%) 40 (24.8%)
70-79 591 (0.6%) 35 (21.7%)
80-89 142 (0.2%) 27 (16.8%)
90-109 20 (<1%) 5 (3.1%)
Gender, n(%)
Female 20026 (21.7%) 29 (18.0%) 0.51
Male 72204 (78.3%) 132 (82.0%)
Missing 35 (<1%) 0
Region of origin, n(%)
Africa 5148 (5.6%) 5 (3.1%) 0.006
Americas 315 (0.3%) 2 (1.2%)
Asia Pacific 65394 (70.9%) 102 (63.4%)
Europe 520 (0.6%) 0 (0.0%)
EMR 20797 (22.6%) 52 (32.3%)

Abbreviations: EMR—Eastern Mediterranean Region. This region contains countries in the commonly known
MENA region, countries include Afghanistan, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libya,
Morocco, Oman, Pakistan, Palestine, Qatar, Saudi Arabia, Sudan, South Sudan, Somalia, Syrian, Tunisia, United
Arab Emirates (UAE), and Yemen.

3.2. Comparison of Proportions of Comorbidities between Individuals Who Died and Those Who
Did Not Die from COVID-19

In general, individuals who died were more likely to have comorbidities, compared to
those who were alive, as shown in Table 2.

Table 2.
multivariable-logistic regression.

Association between pre-existing comorbidities and mortality from COVID-19—

Comorbidity (Yes)  Death,n=161  No Death, n = 92265 OR (95% CI) p-Value OR ? (95% CI) p-Value
Neurological 11 (6.8%) 309 (0.3%) 21.8 (11.7-40.66) <0.001 2.6 (1.19-5.54) 0.016
Respiratory 16 (9.9%) 1434 (1.6%) 7.0 (4.16-11.74) <0.001 29 (1.57-5.26)  0.001
Gastrointestinal 6 (3.7%) 274 (0.3%) 13.0 (5.70-29.63) <0.001 3.1 (1.16-8.30) 0.024
Diabetes 77 (47.8%) 6 337 (6.9%) 12.4 (9.11-19.95) <0.001 1.8 (1.24-2.61) 0.002
Cancer 3 (1.9%) 145 (0.2%) 12.1 (3.80-38.24)  <0.001 2.6 (0.76-8.66)  0.130
Thyroid 6 (3.7%) 761 (0.8%) 4.7 (2.05-10.55) <0.001 2.1 (0.85-5.41) 0.106
Renal 3 (1.9%) 94 (0.1%) 18.6 (5.84-59.39)  <0.001 2.1(0.56-8.02)  0.270
CVD 83 (51.6%) 6 631 (7.2%) 13.7 (10.08-18.74)  <0.001 15(1.03-2.22)  0.036
Dyslipidemia 4 (02.5%) 909 (1.0%) 2.6 (0.95-6.92) 0.064 0.4 (0.15-1.17) 0.096

2 A multivariable logistic regression model adjusted for age and gender.

This pattern was also true when the number of comorbidities was compared between
those who died and those who were alive at the end of the study period. Individuals
who died were more likely to have at least one co-morbidity (26.1% vs. 8.9%, respectively,
p <0.001). The cases who died were also more likely to have multimorbidity. For exam-
ple, the proportion of individuals with two comorbidities was higher in those who died
compared to those who did not (29.8% vs. 3.8%, respectively, p < 0.001). The percentage
of individuals with three comorbidities was also higher in those who died compared to
those who did not (12.4% vs. 0.8%, respectively, p < 0.001). Similarly, the proportion of
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individuals with four or more comorbidities was higher in those who died compared to
those who did not (2.5% vs. 0.1%, respectively, p < 0.001) (Table 3).

Table 3. Association between Number of comorbidities and COVID-19 mortality—Multivariable
logistic regression.

Number of No death, OR Adjusted OR 2
Comorbidities ~ Pt 7=161 o) 065  P-Value (95% CI) p-Value "Ly peValue
0 47 (29.2%) 79725 (86.4%)  <0.001 1.0 (base) 1.0 (Base)
1 42 (26.1%) 8 175 (8.9%) <0001 87 (5.74-13.22) <0001 2.0(128-312)  0.002
2 48 (29.8%) 3524 (3.8%) <0001  231(1543-3459)  <0.001  2.8(1.79-438)  <0.001
3 20 (12.4%) 705 (0.8%) <0001 481 (2837-81.63)  <0.001 6.0 (3.34-10.86) <0.001
>4 4 (2.5%) 136 (0.1%) <0001 499 (17.73-14040) <0.001  415(1.3-12.88) 0.014

2 Adjusted for age and gender.

3.3. Association between Comorbidities and Mortality from COVID-19-Multivariable Logistic Regression

After multivariable logistic regression, mortality due to COVID-19 was strongly as-
sociated with gastrointestinal diseases (aOR 3.1, 95% CI 1.16-8.30, p = 0.024), respira-
tory diseases (aOR 2.9, 95% CI 1.57-5.26, p 0.001), neurological diseases (aOR 2.6, 95%
CI 1.19-5.54, p = 0.016), diabetes (aOR 1.8, 95% CI 1.24-2.61, p 0.002), and CVD (aOR 1.5,
95% CI1.03-2.22, p = 0.036). Renal diseases (aOR 2.1, 95% CI 0.56-8.02, p = 0.270), thyroid
diseases (aOR 2.1, 95% CI 0.85-5.41, p = 0.106), and cancer (aOR 2.6, 95% CI 0.76-8.66,
p = 0.130) were associated with increased odds of mortality but with weak evidence against
the null hypothesis (Table 2).

3.4. Association between Multimorbidity and Mortality from COVID-19-Multivariable
Logistic Regression

There was a strong association between multimorbidity and odds of mortality (Table 3).
Mortality from COVID-19 was strongly associated with multimorbidity, with increased
odds of death observed as the number of multimorbidity increased. Having any comor-
bidity increased the odds of mortality two-fold (aOR 2.0, 95% CI 1.28-3.12, p = 0.002), any
two comorbidities increased the odds of mortality by almost three-fold (aOR 2.8, 95% CI
1.79-4.38, p < 0.001), any three comorbidities increased the odds of mortality by six-fold
(aOR 6.0, 95% 3.34-10.86, p < 0.001) and having four or more comorbidities increased the
odds of mortality by four times (aOR 4.15, 95% 1.3-12.88, p = 0.014).

4. Discussion

Our findings confirmed the association between comorbidities and COVID-19 mortal-
ity in a region where data have been scarce on this topic. Further, this study showed that
multimorbidity was associated with higher odds of mortality and demonstrated a graded
increase in the odds of mortality as the number of comorbidities increased in an individual.

While our findings affirmed the associations between mortality from COVID-19 comor-
bidities, such as cardiovascular diseases [13-15], thyroid diseases [16], renal diseases [15,16],
and diabetes [15,17], our research adds to the body of knowledge for the MENA region.
Further, our findings suggest that neurological diseases are a risk factor for COVID-19
mortality. Deleterious autosomal recessive diseases have been reported to be the leading
consequence of consanguinity in South Asia and the Middle East regions and the main
cause of disabilities in Arab countries [17,18]. Individuals with various muscular dystro-
phies, including myotonic dystrophy, and those who have ventilatory muscle weakness
or cardiomyopathy have been found to have a higher risk of severe COVID-19, in one
study [19]. It is, therefore, possible that neurological diseases lead to several complications
of which muscular atrophy is the most prominent, which will lead to acute respiratory
failure and eventually death [20]. Moreover, our findings imply diabetes as one of the major
contributing comorbidities to COVID-19 mortality given the high population prevalence of
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diabetes in Qatar and the region [21]. More protection and closer monitoring for people
with neurological comorbidities and diabetes may therefore be warranted.

We found that individuals with multiple comorbidities were highly at risk of mortality
from COVID-19. Our findings of a strong and graded increase in the odds of mortality with
increasing multimorbidity are similar to findings reported elsewhere [22]. Another study
also showed that patients who are diagnosed with three or more long-term illnesses had an
increased risk of death than those who did not present with any. Together, these findings
suggest the need to consider the individual comorbidities when triaging the risk of mortality
from COVID-19 and factor in the total comorbidity burden per individual. This shows that
individuals with multimorbidity would need to be prioritized and closely monitored and
will benefit from increased protections such as booster doses if they get COVID-19.

Notably, the highest age mortality was in the age group of 6069 years. This could
likely have been due to the combined effect of comorbidities and age since both are
associated with a higher risk of death from COVID-19, with older age perhaps playing a
larger role [22,23]. There is also the possibility that there could have been a higher force of
infection (higher proportion of cases) in this age group, but this could not be verified as
population denominators in this age group were not available at the time of this study.

A limitation of this study is that the data on comorbidities were self-reported and
collected using telephonic calls, to avoid COVID-19 spreading from confirmed cases. Mea-
sured data on confounders, such as body mass index (BMI), were therefore not available.
We were also not able to categorize cancer using validated tools, such as the CORONET
Predictive Score, or to measure the Charlson comorbidity index, due to the way our data
were collected. Therefore, the adjustment for confounders may not have been optimal.
A strength of this study is the rigorous design, the total sample size, and the analysis
which enabled us to minimize the effect of confounding variables. This research, due to the
multinational nature of Qatar’s population, may apply to different populations, especially
in Asia.

5. Conclusions

This study affirms the strong association between preexisting comorbidities with
COVID-19 mortality and demonstrates a very strong and graded increase in the odds of
mortality with increasing multimorbidity in Qatar.
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