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Objective:  The  objective  of  the  study  was  to assess  mortality  risk  associated  with  co-morbidities  and  blood
group type  in  coronavirus  disease  2019  (COVID-19)  patients  in  Jazan,  Saudi  Arabia.
Methods:  This  case–control  study  enrolled  323  Saudi  adults  with  COVID-19,  confirmed  by real-time
reverse  transcription–polymerase  chain  reaction.  The  participants  were  selected  randomly  between
August  31,  2020,  and July 1, 2020,  from  the  Health  Electronic  Surveillance  Network  system,  which  con-
tains  the  primary  data  on  COVID-19  infections  in  Jazan,  Saudi  Arabia.  The  sample  included  108  patients
who  died  due  to  COVID-19  disease  and  215  controls  who  recovered  from  it  (1:2  ratio).  The  chi-square
test,  independent  samples  t-test,  and  logistic  regression  were  used  to perform  the  statistical  analysis.
Results:  Mortality  was  higher  in  older  age  patients  with  COVID-19  (mean  = 65.4  years,  standard  deviation
[SD] =  15.6)  compared  to  recovered  patients  (mean  =  39.5  years,  SD  =  14.8)  (p  <  0.001)  with  a  moderate
effect  size  (eta  squared  = 0.06).  Diabetes  mellitus  (odds  ratio  [OR]  = 9.4),  hypertension  (OR  = 8.6),  cardio-
vascular  disease  (OR  = 7.4),  chronic  kidney  disease  (OR  = 3.3),  and  obesity  (OR  =  2.0)  were  significantly
associated  with  death  due  to  COVID-19.  Using  logistic  regression  analysis,  older  age  and  diabetes  melli-
tus  were  the  primary  independent  predictors  of COVID-19  mortality.  However,  there  was no  significant

association  between  a specific  ABO  blood  group  and  mortality  risk  (P =  0.07).
Conclusion:  Older  age  and the presence  of  co-morbidities,  especially  diabetes  mellitus,  increased  the  risk
of death  in  patients  with  COVID-19.  Establishing  the causality  of  death  in patients  with  COVID-19  should
be  a  key  aim  of  future  studies.

©  2021  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
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Introduction

The novel coronavirus disease 2019 (COVID-19), a pandemic
infectious disease, is caused by severe acute respiratory syndrome
coronavirus-2 [1]. It has spread rapidly across the globe, infecting
over 30 million people, and, by September 25, 2020, had caused

over one million deaths [1]. On this date, the Saudi Ministry of
Health reported over 11,000 confirmed cases of COVID-19 infec-
tion in the Jazan region, south west of Saudi Arabia [2]. The risk

Abbreviations: ACE2, Angiotensin-converting enzyme 2; BMI, Body mass index;
COVID-19, Coronavirus disease 2019; CVD, Cardiovascular disease; CKD, Chronic
kidney disease; HESN, Health Electronic Surveillance Network; OR, Odds ratio; PCR,
Real-time reverse transcription–polymerase chain reaction; SD, Standard deviation;
T2DM, Type 2 diabetes mellitus.
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actors associated with mortality due to COVID-19 have not been
dequately assessed. Some studies have indicated that the elderly
nd those with co-morbidities, such as diabetes, hypertension, and
eart disease, are at considerable risk of death due to COVID-
9 [3–6]. Furthermore, few studies in descriptive design tried to
xplore the association between ABO blood groups and death due
o COVID-19 [7–9]. Some studies have identified an association
etween blood group type A and disease mortality in COVID-19
atients [7,8]. However, others have not found any association
etween blood group and mortality risk in patients with COVID-19
9].

Further studies in analytical design, are required to assess
he risk of co-morbidities and other factors on the prognosis of
OVID-19 patients owing to genetic and ethnic differences among
opulations and the paucity of data in this regard. In addition, to the

est of our knowledge, no study has yet been carried out to evaluate
his association in Jazan, Saudi Arabia. Therefore, the current study’s
bjective was to evaluate the association between co-morbidities
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and blood type and increased risk of death in Saudi patients with
COVID-19 in Jazan, Saudi Arabia.

Method

Study design and population

This case–control study was conducted on Saudi patients with
COVID-19 in Jazan Region, located in southwestern Saudi Arabia
and characterized by a relatively homogenous population with sim-
ilar ethnic and socioeconomic characteristics [10–14].

Sampling technique

The study sample comprised patients diagnosed with COVID-19
between August 31, 2020, and July 1, 2020, identified through the
Health Electronic Surveillance Network (HESN) system, the coun-
try’s official central epidemiological surveillance program and the
main source of data for patients infected with COVID-19 in Jazan.
Patients who died (n = 159) and those who recovered from COVID-
19 (n = 11,227) were included in two sampling frames as the case
and control groups, respectively. Participants were selected ran-
domly from the sampling frames using simple random technique
(Fig. 1).

Sample size

The sample size was estimated using Epi InfoTM [15] and the
following parameters: 95% confidence interval (CI), power of 80%,
and a case–control ratio of 1:2. A hypothetical assumption of risk

(40%) was applied to the control group, and an odds ratio (OR) of 2.0
was used in the calculation. The procedure yielded a total sample
size of 323; there were 108 patient deaths (cases) and 215 patient
recoveries (controls).

a
w
t

Fig. 1. Patient enrolment and the sampli
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efinitions

The study participants were patients in whom a diagnosis of
OVID-19 infection was  confirmed following the identification of
iral RNA in a nasopharyngeal swab sample using real-time reverse
ranscription–polymerase chain reaction (PCR) (LightCycler® 480
nstrument II, Roche) [16]. The criteria for recovery were based
n the guidelines of the Ministry of Health, Saudi Arabia; recov-
ry was considered to have occurred when at least three days had
assed after the resolution of fever and respiratory symptoms and
fter obtaining two negative PCR samples results taken ≥24 h apart;
lternatively, at least 10 days had to have passed since symptom
nset [17].

ata collection

The data were collected retrospectively from the patients’ health
ecords and included their demographic characteristics, anthropo-
etric and laboratory measurements, age, sex, smoking history,

OVID-19 clinical symptoms and outcomes, co-morbidities, body
ass index (BMI), and blood type (ABO blood group system). Co-
orbidities included cardiovascular disease (CVD), chronic kidney

isease (CKD), diabetes mellitus (DM), hypertension, and obesity.
he clinical symptoms of COVID-19 included fever, cough, short-
ess of breathing (dyspnea), loss of taste and smell (anosmia), chest
ain, sore throat, congestion, a runny nose, fatigue, headache, diar-
hea, and vomiting. ABO blood type identification was determined
sing ID-Centrifuge® 12 S II (Bio-Rad) [18]. In keeping with the
orldwide Health Organization guidelines [19], BMI  was calcu-

ated as weight in kilograms divided by the square of the person’s
eight in meters. A BMI  score of ≥30 was categorized as obese.

tatistical analysis
Data entry and analysis were performed using Statistical Pack-
ge for the Social Sciences® software [20]. The data were coded
ith anonymous identification numbers to ensure the privacy of

he participants. The continuous variables were described as means

ng technique in the current study.
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Table  1
Demographics and clinical characteristics of the study population.

Factor Overall (n = 323) Recovered (n = 215) Deaths (n = 108) P

Age
Mean ± SD 49.0 ± 19.6 39.5 ± 14.8 65.4 ± 15.6 <0.001*
Sex
Male 195 (60.4%) 134 (62.3%) 62 (57.4%)

0.28Female 128 (39.6%) 81 (37.7%) 46 (42.6%)
Smoking
No  287 (88.9%) 183 (85.1%) 103 (95.4%)

0.001*
Yes 36 (11.1%) 32 (14.9%) 5 (4.6%)
Clinical symptoms
No 24 (7.4%) 25 (11.6%) 0

<0.001*
Yes 299 (92.6%) 190 (88.4%) 108 (100%)
Cardiovascular diseases
No 276 (85.4%) 203 (94.4%) 75 (69.4%)

<0.001*
Yes 47 (14.6%) 12 (5.6%) 33 (30.6%)
Hypertension
No  203 (62.8%) 170 (79.1%) 33 (30.6%)

<0.001*
Yes 120 (37.2%) 45 (20.9%) 75 (69.4%)
Diabetes mellitus
No 201 (62.2%) 173 (80.5%) 33 (30.6%)

<0.001*
Yes 122 (37.8%) 42 (19.5%) 75 (69.4%)
Chronic kidney disease
No 305 (94.4%) 208 (96.8%) 97 (89.8%)

<0.002*
Yes 18 (5.6%) 7 (3.2%) 11 (10.2%)
BMI
Not  obese 231 (71.5%) 166 (77.2%) 68 (63.0%)

0.002*
Obese 92 (28.5%) 49 (22.8%) 40 (37.0%)
Blood  type O 212 (65.6%) 134 (62.3%) 77 (71.3%)

0.07
Blood type A 78 (24.1%) 55 (25.6%) 23 (21.3%)
Blood  type B 29 (9.1%) 22 (10.2%) 8 (7.4%)

.9%) 0

Table 2
Predictors of death related to COVID-19 using logistic regression analysis.

Predictor P-value OR (CI 95%)

Age <0.001* 1.1 (1.07–1.11)
Obesity 0.07 1.6 (0.59–2.25)
CVD 0.16 1.7 (0.95–3.01)
Diabetes mellitus 0.01* 2.4 (1.21–4.60)
Hypertension 0.12 1.7 (0.86–3.73)
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Blood  type AB 4 (1.2%) 4 (1

* Significant results (P value <0.05).

± standard deviation (SD), and the categorical variables were pre-
sented as percentages and frequencies. The chi-square test and
fisher’s exact test were used to assess any significant associations
between the categorical variables. Independent-samples t-test was
performed to determine mean differences between the groups.
Logistic regression analysis was employed to identify predictors
of COVID-19 mortality. A P-value of <0.050 was considered to be
statistically significant.

Results

Three hundred and twenty-three individuals with COVID-19
were recruited in the current study. One hundred and eight patients
demised due to COVID-19, and 215 recovered from the disease.
The participants’ sociodemographic characteristics and clinical co-
morbidities are depicted in Table 1. The mean age of those who
died and those who recovered was 65.4 years (SD = 15.6) and 39.5
years (SD = 14.8), respectively (a respective age range of 25–101 and
13–81 years) (Table 1). An independent samples t-test was  used to
identify the mean differences in age between the two groups of par-
ticipants with COVID-19 (Group 1, the patients who died and Group
2, the patients who recovered). A statistically significant difference
in mean age was found between the Group 1 and 2 patients (p �
0.001); older age was significantly associated with mortality, with
a moderate effect size (eta squared = 0.06, 95% confidence interval
[CI]: −28.69 to −23.18).

Men  were more likely than women to be infected with COVID-19
and represented the highest percentage of deaths and recover-
ies; however, a significant association was not found between
sex and death due to COVID-19 (Table 1). The highest percent-

age of those who recovered smoked, comparative to those who
died (i.e., primarily the elderly) who did not smoke frequently.
All the patients who died (100%) experienced severe COVID-19
clinical symptoms. The majority of those who recovered (88.5%)

s
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Kidney disease 0.46 1.4 (0.55–3.81)

* Significant results (P value <0.05).

ad clinical COVID-19 symptoms, and the remainder (11.5%) were
symptomatic (Table 1).

COVID-19 patients with co-morbidities were demonstrated to
e at greater risk of mortality than others (Table 1). Patients with
iabetes mellitus and hypertension were more than nine times at
reater risk of dying than others (OR = 9.4 and 8.6, respectively,
oth with a large effect size: phi = 0.5). Compared to others, the
isk of dying was seven times higher (OR = 7.4, medium effect size
hi = 0.5) for COVID-19 patients with cardiovascular disease (CVD)
nd three times higher (OR = 3.3, small effect size: phi = 0.1) for
uch patients with chronic kidney disease (CKD). The BMI  values
mean ± SD) for demised patients and those who  recovered were
7.8 ± 6.1 and 26.8 ± 5.9, respectively (a respective range of 14–48
nd 13–46). Obese patients with COVID-19 were at twice as likely
o die than patients who were not obese (OR = 2.0, small effect size:
hi = 0.1).

A statistically significant association between blood group and
he COVID-19 patients who died and those who recovered was not
etermined using the chi-square test (Table 1) and Yates’s correc-
ion for continuity. There was  no significant association between a

pecific ABO blood group and mortality risk (P = 0.07).

Logistic regression was performed to assess predictors of mor-
ality among COVID-19 patients. The significant risk factors were
hen evaluated using the chi-square test (Table 2). Old age and
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diabetes mellitus were established to be the most prominent pre-
dictors of death due to COVID-19.

Discussion

COVID-19 is a novel disease, to the best of our knowledge, the
current study is the first study to assess the risk of co-morbidities
in patients with COVID-19 in Jazan Region, Saudi Arabia. In the cur-
rent study, older age was found to be an independent predictor of
mortality in patients with COVID-19, which is consistent with the
results of other studies [5,21,22]. This finding could be explained
by the fact that the elderly has a less robust immune response,
which places them at severe risk of death due to COVID-19 infection
[23,24]. There was no significant association between COVID-19
mortality and sex in the current study. The highest proportion of
patients who recovered were smokers; a possible explanation for
this is that deaths due to COVID-19 were highest in elderly people
who did not smoke frequently in keeping with Saudi Arabian cul-
ture. Although the majority of recovered patients with COVID-19
had symptoms that included fever, cough, and dyspnea, 11.5% of
them were asymptomatic. However, 100% of the mortalities were
symptomatic.

Co-morbidities were also significantly associated with COVID-
19 mortality in the present study. The focus was on co-morbidities
that included diabetes, hypertension, CVD, CKD, and obesity as
they were the most prevalent in COVID-19 patients with disease
severity (i.e., exacerbated lung injury and death) [4,25]. Certain co-
morbidities were associated with strong angiotensin-converting
enzyme 2 (ACE2) receptor expression. ACE2, a cleavable, extracel-
lular enzyme located on the cell surface membrane, mediates entry
by SARS-CoV-2 into human cells, leading to significant morbidity
and mortality [26].

In the current study, diabetes mellitus was identified as the
most significant co-morbidity (with a high OR = 9.4) associated
with COVID-19 mortality. People with diabetes are susceptible to
SARS-CoV-2 infection due to impaired phagocytic cell capabilities,
in addition to several risk factors, including elevated ACE2 recep-
tors levels, impaired T-cell function, and increased interleukin-6
concentration, which enhances viral entry into the cells, result-
ing in an escalation in lung inflammation and poor outcomes [26].
Although diabetes was independently associated with COVID-19
mortality in the current study, other co-morbidities, including
hypertension, CVD, CKD, and obesity, were also linked to COVID-19
deaths, and the synergistic effect of these factors may  have con-
tributed to promoting COVID-19 mortality. Similar results were
observed in other studies [22]. Our findings are supported by evi-
dence that persistent hypertension is associated with diabetes; in
combination, along with metabolic changes, they cause microvas-
cular and macrovascular complications, ultimately leading to CVD,
all of which increases the risk of death in patients with COVID-19
[27]. Similar findings were reported by Ma  et al. [28]. Patients with
hypertension using ACE2 inhibitor medication may  be at increased
risk of SARS-CoV-2 infection, severe lung injury, and respiratory
failure [29].

The findings of the current study also indicated that obesity
contributed to COVID-19 patient mortality. A study by Richard-
son et al. showed that 41.7% of obese patients had severe
COVID-19 symptoms and poor outcomes [30] because obesity is
associated with reduced oxygen saturation in the blood as a con-
sequence of compromised ventilation at the base of the lungs,
low-grade inflammation (i.e., the abnormal secretion of cytokines

and adipokines), and interferon consequences in compromised
immune response [26].

Blood groups were not associated with COVID-19 patient mor-
tality in the current study, these results are consistent with the
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ndings of a USA study that reported that no association was  found
etween blood group and risk of death in COVID-19 patients [9].
n Turkey, the highest prevalence of COVID-19 was identified in
atients with type A blood (57%), and these patients were consid-
red to be more likely to be infected with severe COVID-19 [7].
imilarly, in Wuhan, China, type A blood was observed to corre-
ate with the highest prevalence of COVID-19 infection (42.8%),
nd an association was seen between type A blood and severity of
OVID-19 [8]. However, this difference might have been owing to
he frequency and prevalence of blood groups other than increased
isk of COVID-19 deaths.

onclusion

Older age and the presence of co-morbidities, especially dia-
etes mellitus, increased the risk of death in patients with
OVID-19. However, blood groups were not associated with COVID-
9 patient mortality. Establishing the causality of death in patients
ith COVID-19 should be a key aim of future studies.
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