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The impact of different sociodemographic and clinical characteristics on the COVID-19-related morbidity
and mortality rates have been studied extensively around the world; however, there is a dearth of data on
the impact of different clinical and sociodemographic variables on the COVID-19-related outcomes in
Saudi Arabia. This study aimed to identify those at high risk of worse clinical outcomes, such as hospital-
ization and longer length of stay (LOS) among young and middle-aged adults (18 to 55 years). In this
questionnaire-based cross-sectional study, 706 patients with real-time polymerase chain reaction (RT-
PCR) confirmed COVID-19 infection were interviewed. Patients’ demographic characteristics, dietary
habits, medical history, and lifestyle choices were collected through phone interviews. Patients with
chronic health conditions, such as diabetes and hypertension, reported a higher rate of hospitalization,
ICU admission, oxygen-support needs, and a longer period of recovery and LOS. Multiple logistic regres-
sion showed that diabetes, hypertension, and pulmonary disease (e.g., asthma and chronic obstructive pul-
monary disease (COPD)) were associated with a higher risk of hospitalization and longer LOS. Multiple
logistic regression showed that symptoms of breathlessness, loss of smell and/or taste, diarrhea, and
cough were associated with a longer recovery period. Similarly, breathlessness, vomiting, and diarrhea
were associated with higher rates of hospitalization. The findings of this study confirm the similarity
of the factors associated with worse clinical outcomes across the world. Future studies should use more
robust designs to investigate the impact of different therapies on the COVID-19-related morbidity and
mortality in Saudi Arabia.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease
that has spread to >200 countries with approximately 46 million
confirmed cases and over 1.2 million deaths globally
(Kroumpouzos et al., 2020). The disease affects the upper respira-
tory tract and is caused by a newly discovered strain of severe
acute respiratory syndrome coronavirus (SARS-CoV-2) (Subbarao
and Mahanty, 2020). In the past two decades, Coronavirus, a
single-stranded RNA virus known for mild infections in humans
and animals, caused two major breakouts. Acute respiratory syn-
drome coronavirus occurred in 2002–2003 (SARS-CoV) and middle
east respiratory syndrome coronavirus (MERS-CoV) in 2012 with
10% and 36% mortality rates, respectively (N. Chen et al., 2020;
Hussain et al., 2020; Ksiazek et al., 2003).

According to preliminary international COVID-19 reports, the
clinical manifestations are heterogeneous. The most common
comorbidities reported in COVID-19 patients are diabetes (10–
12%), hypertension (10–15%), and other vascular and cerebrovas-
cular diseases (7–40%) (Alguwaihes et al., 2020; Almalki et al.,
2020; Al Mutair et al., 2020; Al-Omari et al., 2020; Alqahtani
et al., 2020; Guan et al., 2020; Huang et al., 2020; X. Li et al.,
2020; Liu et al., 2020; Sanyaolu et al., 2020; Shah et al., 2020;
Sheshah et al., 2021; Z. Wang et al., 2020; Xu et al., 2020). Various
studies have indicated that 20–51% of COVID-19 patients have at
least one comorbidity (Guan et al., 2020; Huang et al., 2020; X. Li
et al., 2020; Liu et al., 2020; Sanyaolu et al., 2020; Schoen et al.,
2019; Shah et al., 2020; D. Wang et al., 2020; Z. Wang et al.,
2020; Xu et al., 2020). Patient comorbidities have been associated
with an increase in severity and mortality of viral infections
including pandemic influenza A (H1N1) (Schoen et al., 2019),
SARS-CoV (Y. Chen et al., 2020; Clark et al., 2020; B. Wang et al.,
2020; Yang et al., 2006; Yu et al., 2006), and MERS-CoV (Badawi
and Ryoo, 2016; Banik et al., 2016). A systemic review of 4881
COVID-19 cases from different hospitals in China showed that
the number of severe cases was significantly higher in patients
with comorbidities than patients without comorbidities (Z. Wang
et al., 2020). Hypertension was the most common comorbidity
among severe cases (33.4%) followed by diabetes (14.4%) and other
cardiovascular diseases (10.4%) (Z. Wang et al., 2020). In another
study, hospitalized COVID-19 patients with comorbidities who
were admitted to the ICU exceeded those admitted without comor-
bidities by two-folds (B. Li et al., 2020).

Determining the prevalence of the most commonly encoun-
tered underlying diseases can help to identify those at the highest
risk for more severe complications and worse outcomes. To the
best of our knowledge, there are limited national studies evaluat-
ing the demographic and baseline comorbidities of COVID-19
patients in Saudi Arabia. The objective of this study was to describe
the demographics and baseline comorbidities of young and
middle-aged (18–55 years) COVID-19 patients in Saudi Arabia. Fur-
thermore, we evaluated the impact of these comorbidities on
patient recovery periods, the severity of symptoms, and hospital
admissions.
2. Materials and methods

2.1. Ethical approval

This study was approved by the Central Institutional Review
Board Committee of Ministry of Health (Central IRB-MoH), King-
dom of Saudi Arabia (KSA) (IRB log No: 20-11E-date 17-06-2020).
834
2.2. Data source

A cross-sectional study was conducted by interviewing recov-
ered COVID-19 patients. Data of recruited patients from different
regions of Saudi Arabia were obtained from the Saudi MoH registry
of COVID-19 patients. Patient diagnosis with COVID-19 was con-
firmed by polymerase chain reaction (PCR) at MoH facilities
between 1 May �30 June 2020. Patients were interviewed by three
healthcare professionals using a newly developed data collection
sheet that inquired about patient demographics, dietary habits,
medical history, and lifestyle choices (Appendix A).

2.3. Data collection

Patient baseline sociodemographic characteristics and contact
information were retrieved from the Saudi MOH registry of
COVID-19 patients. Patient consent to participate in the study
was obtained prior to starting each interview. Three healthcare
professionals interviewed patients over the phone. The three
healthcare professionals involved in data collection were trained
using role-playing and a data collection protocol. Patient responses
were recorded, and the data was stored in a safe and secure place.
Only the investigators had access to the data, and the study
adhered to the ethical principles of the Helsinki declaration. Each
patient interview lasted between 15 and 20 min. Asymptomatic
patients as well as those over the age of 55 years were excluded.
The recovery period was defined as the time from diagnosis of
COVID-19 with a positive PCR test until the disappearance of
symptoms.

2.4. Methods of data analysis

Data was entered into an appropriately designed excel sheet. All
statistical analyses were carried out using SPSS for windows ver-
sion 25.0 (SPSS, Inc, Chicago. IL, USA). Missing values and outliers
were identified and complemented by contacting the recovered
patients prior to the statistical analysis process. Descriptive statis-
tics, including frequency and percentage tables, graphs, means, and
standard deviation (SD), were conducted for data presentation.
Parametric tests, such as t test and analysis of variance (ANOVA),
non-parametric tests, such as Mann-Whitney U and Kruskal–Wal-
lis tests, for non-normal variables, correlation analysis, and multi-
ple linear and logistic regressions were conducted as appropriate
to examine the impact of age, gender, and different comorbidities
on the recovery period, length of stay (LOS), and incidence of hos-
pitalization. For categorical variables, Chi-square test was used. All
hypotheses were tested at the 5% level of significance.

3. Results

3.1. Patient demographics

A random sample of 899 out of 117,882 recovered COVID-19
patients was selected using Microsoft Excel� spreadsheet software.
However, 706 patients (78.53%) met the inclusion criteria and con-
sented to participate in the study. The mean age was 33.0 ± 18.0
and the majority were male (57.6%). All patients were residents
of Saudi Arabia and from different regions (northern, southern,
eastern, western, and central). Twenty-five percent of patients
were from Riyadh (central region), 22% from Makkah (western
region), 22.4% from the Eastern region, 15% from the Asir region
(southern region), and the remaining were from other parts of
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the country. The majority of patients (77.1%) were Saudi nationals,
non-smokers (87.3%), and non-obese (94%). The patients’ average
body weight was 78.1 ± 19.8 kg and the mean body mass index
(BMI) was 28.2 ± 7.1. Approximately 30% of patients had at least
one pre-existing medical condition (Table 1). The most common
comorbidities were diabetes (9.6%), hypertension (7.4%), pul-
monary diseases (7.9%), dyslipidemia (3.5%), and<1% of the partic-
ipants had cancer (Table 1). The frequency and percentage
distribution of respondents by the number of comorbidities are
presented in Table 1. Approximately 21% of individuals had one
chronic health condition, 6.2% had two comorbidities, and 3.1%
had more than two comorbidities.

Most patients reported at least one of the following symptoms:
fever (71.8%), fatigue (63.7%), loss of taste and/or smell (63.6%),
headache (52.1%), cough (41.9%), breathlessness (40.4%), diarrhea
(37.8%), sleep disturbances (27.5%), and vomiting (16.3%) (Table 1).
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3.2. Effect of comorbidities on COVID-19 patients’ recovery period

The mean recovery period per day was remarkably longer for
patients with comorbidities than patients without comorbidities,
and the total number of patients who were admitted to hospitals
was 197 patients (Table 2). Overall, the mean recovery period per
day from COVID-19 for individuals with at least one chronic health
condition was 14.1 ± 8.8 compared to 11.8 ± 8.9 for individuals
without any underlying diseases (p < 0.001) (Table 3).

The mean recovery period per day by the number of comorbidi-
ties indicated a significant difference between recovery periods
(Table 3). Individuals with more than two diseases took
17.5 ± 8.9 days on average to recover compared to 13.5 ± 9.4 and
15.1 ± 11.4 days for individuals with one and two comorbidities,
respectively (p < 0.001) (Table 3).
Table 1
Demographics, comorbidities and symptoms in COVID-19 patients in Saudi Arabia.

Variable No. (%) Variable
(continued)

No. (%)

Demographic
information

Smoking status

Total Number 706 Smoker 90 (12.7)
Age, median [range] y 33, [18, 55] Non-smoker 616

(87.3)
Sex Number of

comorbidities
Male 407 (57.6) None 492

(69.7)
Female 299 42.4) 1 148

(21.0)
Nationality 2 44 (6.2)
Saudi 544 (77.1) >2 22 (3.1)
Non-Saudi 162 (22.9) Symptoms
Comorbidities Fever 507

(71.8)
Diabetes 68 (9.6) Fatigue 450

(63.7)
Hypertension 52 (7.4) Loss of sense

and smell
447
(63.6)

Dyslipidemia 25 (3.5) Headache 368
(52.1)

Cardiovascular diseases 21 (3.0) Cough 296
(41.9)

Renal disease 6 (0.8) Breathlessness 285
(40.4)

Pulmonary diseases 56 (7.9) Diarrhea 267
(37.8)

Cancer 5 (0.7) Sleep disturbance 194
(27.5)

Obesity 42 (5.9) Vomiting 115
(16.3)

Depression 15 (2.1) Ta
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Table 3
One-way ANOVA analysis of COVID-19 patients’ mean recovery period, length of hospital stay, and hospital admission by number of comorbidities.

Recovery period Length of hospital stay Admission to hospital

Number of
comorbidities

Cases with comorbidity
(days, mean ± SD)

p-value (one way
ANOVA)

Cases with comorbidity
(days, mean ± SD)

p-value (one way
ANOVA)

Cases with comorbidity
(% admitted)

p-value (one way
ANOVA)

None 11.8 ± 8.9 0.001 1.7 ± 3.9 0.001 22.6 0.001
1 13.5 ± 9.4 3.4 ± 6.7 32.4
2 15.1 ± 9.3 3.9 ± 7.1 43.2
>2 17.5 ± 8.9 12.7 ± 9.9 90.9

Table 4
Multiple regression analyses for the recovery period, length of stay, and hospital admissions controlling for comorbidities, age, and gender.

Recovery period Length of hospital stay Admission to hospital

Variable b adjusted (95% CI) p-value b adjusted (95% CI) p-value OR adjusted (95% CI) p-value

Age 0.17 (0.12–0.21) 0.001 0.08 (0.05–0.11) 0.001 1 (0.99–1.01) 0.734
Male gender 4.28 (3.40–5.35) 0.001 �0.54 (�1.16–0.07) 0.056 0.44 (0.34–0.58) 0.001
Diabetes 1.29 (�0.98–3.55) 0.254 2.36 (0.93–3.79) 0.001 2.62 (1.55–4.42) 0.001
Hypertension �0.86 (�3.31–1.60) 0.493 2.96 (1.42–4.51) 0.001 2.84 (1.59–5.05) 0.001
Dyslipidemia �0.71(�3.85–2.43) 0.657 0.27 (�1.71–2.26) 0.712 1.59 (0.72–3.49) 0.251
Cardiovascular 1.53 (�2.02–5.08) 0.398 1.6 (�0.64–3.84) 0.161 1.58 (0.65–3.88) 0.314
Renal 5.7 (0.90–11.3) 0.046 2.3 (�1.27–5.88) 0.206 3.05 (0.59–15.6) 0.181
Pulmonary 3.7 (1.28–6.12) 0.003 3.33 (1.81–4.86) 0.001 2.32 (1.30–4.13) 0.004
Cancer na – 6.09 (1.46–10.7) 0.01 na –
Depression na – �2.75 (�5.45–0.05) 0.046 na –
R2 0.68 – 0.35 – – –

A.S. Alali, A.O. Alshehri, A. Assiri et al. Saudi Pharmaceutical Journal 29 (2021) 833–842
The results of the multiple linear regression model for the
recovery period per day by comorbidities, age, and gender are
shown in Table 4. The overall model was significant at 5% and
the value of coefficient of determination suggested that 68% of
the variation in the recovery period among the study population
was explained by the variables included in the model. Age, gender,
renal disease, and pulmonary diseases (e.g., asthma and chronic
obstructive pulmonary disease (COPD)) were found to be signifi-
cant predictors of the recovery period. Every one-year increase in
age resulted in a 17% increase in the recovery period. The mean dif-
ference of recovery periods between male and female participants
was 4.28 days. Controlling for all other variables, individuals with
renal diseases took 5.7 more days to recover and pulmonary dis-
eases increased the recovery period by 3.7 days.

The multiple regression model for having at least one comor-
bidity as a predictor of the recovery period while controlling for
age and gender are shown in Table 5. The variables included in
the model explained 67% of the variation in recovery periods. Hav-
ing at least one chronic health condition increased the recovery
period by 1.52 days.

3.3. Effect of comorbidities on COVID-19 patients’ hospital admissions

The presence of comorbidities was significantly associated with
being admitted to the hospital in COVID-19 patients (Table 2). Indi-
viduals with renal disease, hypertension, dyslipidemia and dia-
betes were 13.14 (p < 0.001), 6.23 (p < 0.001), 4.87 (p < 0.001) and
3.78 (p < 0.001) times more likely to be admitted to hospital during
Table 5
Multiple regression analyses for the recovery period, length of hospital stay, and hospital

Recovery period

Variable b adjusted (95% CI) p-value

Age 0.16 (0.12–0.20) 0.001
Male gender 4.42 (3.50–5.40) 0.001
Presence of � 1 chronic health condition 1.52 (0.08–2.97) 0.041
R2 0.66 –
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their infection with COVID-19, respectively (Table 2). In addition,
individuals with at least one disease were 2.35 times more likely
to be admitted to the hospital compared with patients with no
comorbidities (p < 0.001) (Table 2).

ICU admission was significantly associated with having dia-
betes, hypertension, cardiovascular disease, and pulmonary dis-
ease as well as those with at least one chronic health condition
(Table 2). Twenty-one cases (6.1%) with at least one chronic health
condition were admitted to ICU compared to 12 cases (1.8%) with-
out disease, and patients with at least one disease were 3.47 times
more likely to be admitted to the ICU compared to participants
with no comorbidities (Table 2).

The need for mechanical ventilation was significantly associ-
ated with having diabetes, hypertension, cardiovascular disease,
as well as having at least one comorbidity. Patients with at least
one chronic health condition were 10.75 times more likely to have
mechanical ventilation as compared to participants without
comorbidities.

A strong association was identified between the number of
comorbidities in COVID-19 patients and hospital admissions. about
90% of patients with more than two comorbidities were admitted
to the hospital compared to only 22.6% of individuals without
comorbidities (p < 0.001) (Table 3).

Results of multiple regression analysis of hospital admissions as
an outcome variable controlling for age, gender, and comorbidities
are shown in Table 4. Gender, diabetes, hypertension, and pul-
monary disease (e.g., asthma and chronic obstructive pulmonary
disease (COPD)) were found to be significant predictors of hospital
admission controlling for comorbidity, age, and gender.

Length of hospital stay Admission to hospital

b adjusted (95% CI) p-value OR adjusted (95% CI) p-value

0.1 (0.07–0.17) 0.001 1.01 (1.00–1.02) 0.051
�0.87(-1.5–0.2) 0.005 0.39 (0.31–0.51) 0.001
2.50(1.6–3.4) 0.001 2.20 (1.61–3.18) 0.001
0.29 – – –
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admission in COVID-19 patients. The male patients had 56% lower
odds of being admitted in comparison to their female counterparts
(p < 0.001). Keeping all other variables constant patients with
hypertension were 2.84 times more likely to be admitted to the
hospital compared to patients without hypertension. Patients with
diabetes were 2.62 times more likely to be admitted to the hospital
controlling for other comorbidities, age, and gender.

Further analysis investigated the effect of comorbidities on the
hospital length of stay, ICU admission, and use of oxygen ventila-
tion. There were significant differences in the length of hospitaliza-
tion for all comorbidities except for obesity (Table 2). The longest
hospitalization period was for patients with cancer disease (me-
dian 13.0) followed by renal patients (median 10.5). Multiple
regression analysis of the association between the mean recovery
period, hospital admission, and length of hospital stay and patient
comorbidities are presented in Table 4. Thirty-five percent of the
variation in hospitalization period were explained by the variables
investigated.

Multiple logistic regression model for having at least one
comorbidity as a predictor of being admitted to the hospital and
controlling for age and gender is reported in Table 5. The OR sug-
gests that COVID-19 patients with at least one comorbidity had
more than twice the odds of being admitted to the hospital com-
pared with those without comorbidities while controlling for age
and gender (p < 0.001).

3.4. Effect of COVID-19 symptoms on patients’ recovery periods

Tables 6 and 7 summarize the results of the differences in
recovery periods based on the experienced symptoms. Significant
differences in recovery periods were identified for all COVID-
Table 6
Univariate analysis of COVID-19 patients’ mean recovery period and hospital admission b

Recovery period

Cases with symptom
(days, mean ± SD)

Cases without symptom
(days, mean ± SD)

p-value

Fever 13.5 ± 9.3 10.0 ± 7.7 0.001
Cough 14.9 ± 9.0 11.2 ± 8.8 0.001
Breathlessness 15.4 ± 9.3 10.6 ± 8.2 0.001
Headache 13.3 ± 9.2 11.7 ± 8.8 0.017
Sleep disturbance 13.8 ± 8.4 12.1 ± 9.1 0.025
Loss of sense 13.8 ± 9.2 10.4 ± 8.4 0.001
Tired 13.7 ± 9.3 10.4 ± 8.0 0.001
Vomiting 16.0 ± 8.9 11.9 ± 8.8 0.001
Diarrhea 15.2 ± 9.6 10.9 ± 8.2 0.001

Table 7
Multiple regression analyses of COVID-19 patients’ mean recovery period, hospital admiss

Recovery period

Variable b adjusted (95% CI) P

Age 0.11 (0.07–0.15) 0.
Gender 2.44 (1.44–2.51) 0.
Fever 1.42 (-0.01–2.8) 0.
Cough 1.35 (0.02–2.69) 0.
Breathlessness 3.08 (1.72–4.43) 0.
Headache �0.53 (-1.88–0.83) 0.
Sleep disturbance �1.08 (-2.63–0.46) 0.
Loss of sense 2.46 (1.13–3.80) 0.
Tired 1.09 (-0.3–2.49) 0.
Vomiting 1.25 (-0.09–3.5) 0.
Diarrhea 1.78 (0.35–3.19) 0.
R2 0.71 –
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19 symptoms in symptomatic patients as opposed to asymp-
tomatic patients. The mean recovery duration for patients with
vomiting was 16.0 days, followed by 15.4 and 15.2 for patients
with breathlessness and diarrhea, respectively (p < 0.001)
(Table 6).

A multiple linear regression model for the recovery period by
symptoms of COVID-19 and controlling for age and gender is pre-
sented in Table 7. Symptoms of cough, breathlessness, loss of taste
and/or smell, and diarrhea were the most commonly reported
symptoms. Breathlessness increased the recovery period by
3.08 days compared to patients with no breathlessness
(p < 0.001). A loss of taste and/or smell, diarrhea, and cough
increased the recovery period by 2.46 days (p < 0.001), 1.78 days
(p < 0.015), and 1.35 days (p < 0.05), respectively. The factors
included in the model explained 71% of the variation in the recov-
ery period among participants.
3.5. Effect of COVID-19 symptoms on patients’ hospital admissions

Six symptoms were found to have a significant association with
hospital admission among COVID-19 patients: fever, cough,
breathlessness, headache, vomiting, and diarrhea (p < 0.05)
(Table 6). Logistic regression analysis of hospital admissions as
an outcome variable by symptoms and controlling for age and gen-
der are presented in Table 7. Breathlessness, headache, and vomit-
ing were all associated with hospital admissions. COVID-19
patients with breathlessness were 2.33 times more likely to be
admitted to the hospital (p < 0.001), and patients with vomiting
were 1.56 more likely to be admitted (p < 0.05).
y symptoms.

Admission to hospital

Cases with symptom
(% admitted)

Cases without symptom
(% admitted)

OR Unadjusted p-value

36.4 16.3 2.79 0.001
37.1 26.4 1.67 0.001
43.2 22.1 2.78 0.001
27.4 34.5 0.78 0.024
27.3 32.3 0.78 0.187
30.6 31.6 0.95 0.801
31.4 30.2 1.05 0.443
46.4 28.3 2.24 0.001
38.9 26.3 1.78 0.001

ion based on reported symptoms controlling for age and gender.

Admission to hospital

(test) OR adjusted (95% CI) P (t test)

001 1.01 (1.00–1.02) 0.031
001 0.38 (0.29–0.51) 0.001
054 1.11 (0.76–1.61) 0.573
048 1.06 (0.75–1.49) 0.755
001 2.33 (1.66–3.35) 0.001
444 0.45 (0.32–0.63) 0.001
170 – –
001 – –
122 – –
051 1.56 (1.00–2.42) 0.048
015 1.36 (0.95–1.95) 0.093

– –
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4. Discussion

This study examined the impact of different comorbidities and
symptoms on the COVID-19-related recovery period, risk of hospi-
talization, and LOS. Also, the impact of different comorbidities on
the risk of ICU admission and the need for mechanical ventilation
were also examined. Although these results might not be novel
due to the fact that similar findings were presented in other stud-
ies, they provide new insights on the impact of different comor-
bidities and COVID-19-related symptoms on various outcomes
among those who survived the infection.

The presence of chronic health conditions, such as, diabetes,
hypertension, and chronic renal disease increases the risk of
COVID-19-related hospitalization, LOS, and increases the duration
of recovery. These findings are consistent with previously pub-
lished studies that showed higher risk of COVID-19-related mor-
bidity and mortality among patients with multiple comorbidities
(Banik et al., 2016; B. Li et al., 2020; Yang et al., 2006; Yu et al.,
2006). Radwan et al. conducted a systematic review of the clinical
characteristics, comorbidities, and severity of COVID-19 patients
(Radwan et al., 2020), and Mudatsir et al. published a systematic
review and meta-analysis of the predictors of COVID-19 severity
(Mudatsir et al., 2021). Patients with hypertension, chronic kidney
disease, chronic obstructive pulmonary disease, and cancer were
two to six times more likely to experience severe cases. Hyperten-
sion and diabetes are the most common commodities in severe
cases of COVID-19 and have been associated with an increase in
severity and ICU admissions of COVID-19 patients (B. Li et al.,
2020; Z. Wang et al., 2020). Approximately 21% of the study popu-
lation had at least one comorbidity, which is higher than the pro-
portion of COVID-19 patients with multiple comorbidities
reported in other studies that ranged from 15 to 81.9% (Palmieri
et al., 2020; Posso et al., 2020; Richardson et al., 2020; Z. Wang
et al., 2020). However, national studies conducted in Saudi Arabia
by Alsofayan et al. and Khan et al. in the initial stages of the pan-
demic reported that 20.1–29% of patients had one or more comor-
bidity (Alsofayan et al., 2020; A. Khan et al., 2020). The present
study included COVID-19 patients from different regions in Saudi
Arabia. The most commonly reported comorbidities were diabetes
(9.6%), hypertension (7.4%), and pulmonary disease (e.g., asthma
and chronic obstructive pulmonary disease (COPD)) (7.9%). Also-
fayan et al. reported that the most common comorbidities were
pulmonary disease (10.1%), hypertension (8.8%), and diabetes
(7.6%) (Alsofayan et al., 2020). Khan et al. found that pulmonary
conditions (12.5%), hypertension (11.6%), and diabetes (11.3%)
were most frequently reported (A. Khan et al., 2020). Fever
(72.5%), feeling tired (63.4%), and loss of taste and/or smell
(62.5%) were the most commonly reported symptoms in contrast
to fever, cough, sore throat, and runny nose reported in previously
published studies (Alsofayan et al., 2020; A. Khan et al., 2020).

Based on results of this study, the mean recovery time of
COVID-19 patients with at least one comorbidity was two days
longer in comparison to patients without comorbidities. Moreover,
multiple comorbidities were associated with prolonged recovery
time. These findings were consistent even among hospitalized
COVID-19 patients. Furthermore, the risk of hospitalization
increases as the number of comorbidities increases. (Table 3). In
addition, LOS, ICU admission, and the need for mechanical ventila-
tion were significantly higher in patients with at least one comor-
bidity (Table 2). These findings highlight the impact of
comorbidities on the severity of COVID-19 and are in line with pre-
viously published studies (Badawi and Ryoo, 2016; B. Li et al.,
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2020; Z. Wang et al., 2020). Diseases such as diabetes and hyper-
tension have a negative impact on patient innate immunity. Sev-
eral reports have linked these diseases to the onset of cytokine
storm, which is the exacerbation of a pro-inflammatory state,
and generation of oxidative stress that leads to tissue damage
and poor prognosis (Dharmashankar and Widlansky, 2010;
Erener, 2020; Hojyo et al., 2020; Tisoncik et al., 2012). Severe
COVID-19 ICU patients typically present with higher plasma levels
of cytokines associated with cytokine storm than non-ICU patients
(Huang et al., 2020).

Not only do the presence of comorbidities increase the severity
of COVID-19, but they also lead to an increased economic burden
on the healthcare system (A. A. Khan et al., 2020). Based on our
data, comorbidities in COVID-19 patients were associated with
longer recovery time, higher rates of hospital admissions, longer
periods of hospitalization, higher rates of ICU admissions, and
increased rates of mechanical ventilation. These additional man-
agement and treatment measures increase the burden on hospital
systems and increases medical expenditures (Gupta et al., 2020;
Kassir et al., 2020; Reddy et al., 2020). An increase in direct medical
costs of COVID-19 management was associated with case severity
and the need for longer hospitalization, the need for ICU admission,
and mechanical ventilation (A. A. Khan et al., 2020; Rees et al.,
2020).

Diabetes, hypertension and pulmonary disease were associated
with an increased risk of hospitalization even after controlling for
other comorbidities, age, and gender. This is consistent with
another cohort study of 7337 COVID-19 patients with or without
type 2 diabetes mellitus, which showed a higher risk of hospital
admissions among patients with diabetes than those without dia-
betes (Zhu et al., 2020). The study also concluded that poorly con-
trolled glucose levels substantially increased disease severity and
mortality rates (Zhu et al., 2020). Moreover, a recent retrospective
cohort study including nearly 67,000 patients from over 600 hospi-
tals in the United States concluded that obesity and both diabetes
and hypertension with chronic complications are associated with a
higher risk of mortality (Goodman et al., 2020). Another meta-
analysis of multiple studies in China reported a four-fold increase
in mortality due to COVID-19 in patients with COPD (Zhao et al.,
2020). The presence of comorbidities aggravates COVID-19 sever-
ity and increases the likelihood of COVID-19-related hospital
admissions.

Although this study highlighted the impact of different comor-
bidities and COVID-19-related symptoms on recovery period, hos-
pitalization rate, LOS, ICU admission, and the need of mechanical
ventilation, multiple limitations have to be acknowledged. First,
the study only included those who recovered from COVID-19 infec-
tion which can introduce selection bias. Moreover, the data was
self-reported which increases the risk of information bias. In addi-
tion, the study included a small number of recovered COVID-19
patients which limits the generalizability of the findings despite
the fact the included sample was randomly selected and partici-
pants were from different regions. Finally, the study did not exam-
ine the impact of different treatments on any of the examined
outcomes (e.g., rate of hospitalization, recovery period, and LOS).

In conclusion, the characteristics of COVID-19 patients who
were admitted to hospitals among young and middle-aged adults
are not different than those from older age groups. Common
comorbidities, such as, diabetes, hypertension, and pulmonary dis-
eases might worsen the prognosis of COVID-19 patients. Diabetes,
hypertension, and pulmonary diseases are potential risk factors of
worse COVID-19-related outcomes. More efforts should be exer-
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cised to protect patients with one or more comorbidities from
being exposed to the infection. Additionally, recommendations,
such as, prioritizing the management of COVID-19 patients with
multiple comorbidities and encouraging the administration of
COVID-19 vaccines for those at-risk groups, should adopted. Future
studies should retrieve data from more reliable sources and
include both COVID-19 survivors and non-survivors to investigate
the impact of different treatment protocols on the rates of morbid-
ity and mortality.
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