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Objectives: To investigate the relationship between
statin use and coronavirus disease-19 (COVID-19)
severity.

Methods: This was a retrospective study of adult
patients with confirmed COVID-19 who were
hospitalized at Prince Mohammed Bin Abdulaziz
Hospital, Riyadh, Saudi Arabia. The study was carried
out from July - September 2020. Antecedent statin
use was evaluated using medication information
available in the electronic medical records.

Results: In this retrospective study, we collected data
from 689 patients hospitalized with COVID-19.
Among the patients, 56.2% of them were non-Saudi
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and 67.3% were males. The mean age of the patients
was 53.7 years. The most common comorbidities
among patients with COVID-19 at admission were
hypertension (65.2%) and diabetes mellitus (65%).
Among these patients, 155 (22.5%) patients received
statins during hospitalization and 79.7% of them
received corticosteroids. Receiving statins significantly
increased the risk of intensive care unit's admission
by 1.64 times, intubation by 1.76 times, developing
complications by 2.48 times, and mortality by 3.16
times.

Conclusion: Statins are associated with a higher risk of
mortality and morbidity among patients hospitalized

for COVID-19.

Keywords: statins, covid-19, HMG-CoA reductase

inhibitors, coronavirus, outcomes

Saudi Med ] 2024; Vol. 45 (2): 171-178
doi: 10.15537/smj.2024.45.2.20230589

From the Department of Dermatology (Alshaalan); from the
Department of Family Medicine (Alahmadi); from the Department
of Internal Medicine and Adult Infectious Diseases (Rebh); from
the Department of of Intensive Care Unit (Alshabanah), Prince
Mohammad Bin Abdul-Aziz Hospital, from the College of Medicine
(Alkahtani, Althobaiti, Aldhabi, Algezlan, M. Alanazi, Alrumaih,
Alturki, A. Alanazi), Al Imam Mubammad Ibn Saud Islamic
University, and from the Department of Internal Medicine and
Infectious Diseases (AL Ali), King Saud Medical City, Riyadh, Kingdom
of Saudi Arabia.

Received 21st November 2023. Accepted 2nd January 2024.

Address  correspondence  and  reprint  request  ro:  Dr.
Khalid S. Alshaalan, Department of Dermatology, Prince Mohammad
Bin Abdul-Aziz Hospital, Riyadh, Kingdom of Saudi Arabia.
E-mail: khalid.alshaalan7 @gmail.com

ORCID ID: https:/forcid.org/0000-0002-4741-5313

https://smj.org.sa  Saudi Med ] 2024; Vol. 45 (2) 171



COVID-19 clinical course & statin use ... Alshaalan et al

orona-viruses are surrounded by an envelope

which is composed mainly of nucleic acids and
lipoproteins. They are zoonotic pathogens that cause
upper and lower respiratory tract infections, as well as
multiorgan dysfunction, which may lead to death.'

In the year 0of 2019, the primary documented patient
of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), have been discovered in Asia. Also,
through angiotensin-converting enzyme 2 (ACE2), the
causative contagious agent resopnsible for coronavirus
disease of the year 2019 (COVID-19), that invades
the body cells, which may disrupt the balance of renin
angiotensin aldosterone pathway.?

Individuals with underlying conditions such as
cardiovascular disease (CVD), high blood pressure
(HTN), and diabetes mellicus (DM) are at the highest
probability of developing extreme COVID-19 illness.
Li et al,’ reported the prevalence of chronic illnesses
among the hospitalized sample, that are known cases
of COVID-19 (16.4% CVD, 17.1% HTN, and
9.7% DM). The fatality rate of COVID-19 is higher in
patients with CVD and DM than in those without these
conditions; cardiac involvement and myocardial injury
have been observed in several COVID-19 patients.*
A great proportion of cases treated with statin drugs,
angiotensin converting enzyme inhibitors (ACEI), and
angiotensin II receptor blockers (ARBs), which had
been diagnosed with comorbid conditions. Statins are
considered a genre of extensively tested, well-tolerated
drug which could facilitate decreasing the intensity of
low density lipoprotein in human body, which reduces
illness and mortality in those who are at high risk of
CVD.’ Besides its well-known lipid-lowering effects, it
also has pleiotropic effects, such as anti-inflammatory,
antithrombotic, and antitumor cellular responses,
which suggest that it has the capability to alleviate the
influence on cardiac muscle injury and thromboembolic
incidents correlated with COVID-19  illness.®
Furthermore, a recent observational study reported that
the use of statins improved survival among hospitalized
COVID-19 cases.” In contrast, in experimental models,
statins inhibit the Toll-like receptor pathway and
promote the upregulation of ACE2, a membrane-
bound aminopeptidase found in the heart, lungs, and
other body tissues, which is speculated to enhance the
entry of SARS-CoV-2 into cells.*® Additionally, in
individuals with COVID-19, hypercholesterolemia is
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one of the most common comorbidities, as has been
reported in a previous case series.” Due to the existing
uncertainties surrounding the potential clinical benefits
of statins and its impact on the severity as well as clinical
outcomes of COVID-19 symptoms, the main target of
our research is to investigate the correlation over statin

usage and severity of COVID-19 illness.

Methods. This was an observational retrospective
single-center review of all admitted patients from
December 2020 at Prince Mohammed Bin Abdulaziz
Hospital (PMAH) in Riyadh, Saudi Arabia, with a
confirmed COVID-19 diagnosis. The clinical outcomes
among patients who were on statins were compared to
those who were not on statins. The inclusion criteria
involved adults (older than 14 years old) that were
hospitalized to isolation ward or intensive care units
(ICUs) with a confirmation of COVID-19 infection
which was established by reverse transcription-
polymerase chain reaction at PMAH or the Ministry
of Health reference laboratory. Patients who newly
received statin during hospitalization or patients who
were discharged within 24 hours of admission were
excluded from the study. The clinical information of
all enrolled patients was retrieved from the hospital’s
electronic health record system (Cerner Corporation,
Kansas City, MO, United States).

The information retrieved included: baseline
demographic data; chronic medical illness; duration of
infirmity at admission and length of stay; presenting
symptoms; vital signs at admission and timing of
maximum oxygen requirement; presence of neumonia;
and patient location upon admission. Furthermore, we
collected information related to ICU admission such
as: length of ICU admission; mechanical ventilation
requirement; extracorporeal membrane oxygenation
(ECMO) requirement; need for vasopressor; number of
days of oxygen support of any kind; quick sequential
organ failure assessment (QSOFA) score on day one
of ICU admission. Moreover, we collected laboratory
parameters of liver panel, white blood cell count and
its subtypes cell count, hemoglobin, and platelets,
bleeding panel, renal panel, lipid panel, creatine kinase,
troponin level, as well as all laboratory inflammatory
markers and ferritin level. Also, we collected the history
of previous medications such as: statin drugs, ACEIs,
ARBs, steroids, anticoagulants, and beta blocker
medications, in addition, the administered medications
during admission like antibiotics, anti-viral therapies,
steroids, paracetamol, and anti-IL-6. Lastly, we
collected information related to the complications in
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our patients like the use of ECMO, acute respiratory
distress syndrome, thromboembolic events, cardiac
complications, and death.

The primary exposure of interest in our research
was precursor statin drug use, which was determined
based on the recorded administration of statin drugs
as an outpatient medication in stored medical records.
Patients were grouped according to their statin use
status: those who received statins during hospitalization
and those who did not. Information was obtained and
registered through a person assigned by the Principal
Investigator. Data were entered into a Microsoft Excel
spreadsheet according to the aforementioned follow-up
assessment tool. Only the investigators had access to the
spreadsheet (for data entry, follow up, and rechecking
the data) and the data were saved on a computer located
in the research center. Data were anonymized, protected,
and coded. The investigators guarantee that clinical data
was used only for the purpose of clinical research. This
study gained an approval number: FWA00018774,
from the ethics committee of King Fahad Medical City
in Riyadh, Saudi Arabia.

Statistical analysis. All our data had been investigated
and examined by using the Statistical Package for the
Social Sciences for Windows, version 27.0 (IBM Corp.,
Armonk, NY, USA). Frequencies with percentages
were computed for descriptive analysis. The Mann-
Whitney-U and Kruskal-Wallis tests have been utilized
to identify statistically significant differences in the
subgroups among ordinal demographic variables, on
the other hand, the Chi-square test had been utilized for
categorical variables. To consider the results statistically
significant a 95% confidence interval (CI) have been set
with a p-value of <0.05.

Results. In this study, we collected data from
689 patients who were hospitalized for COVID-19.
Among those patients, 56.2% of them were non-Saudi
and 67.3% were males (male to female ratio of
2:1). Moreover, the average age of the patients was
53.7+15.12 years, where almost two-thirds of the
sample aged 31-60 years. According to body mass
index (BMI), 46.9% of the patients were obese, 36.4%
were overweight, and 14.5% had normal weight. The
mean BMI of the total sample was 29.89 Kg/m®.
Moreover, 83.7% were admitted to the isolation ward,
while 14.7% were admitted to the ICU. The mean
duration of hospitalization was 14.82+19.33 days and
the mean duration of presenting symptoms at the time
of admission was 6.09+3.52 days (Table 1). The main
symptom associated with COVID-19 at admission
was the presence of pneumonia (89.4%), followed by

fever (43.8%), malaise (18.6%), and headache (12.5%;
Figure 1). The most common comorbidities among
COVID-19 patients that were discovered on day one
were HTN (62.5%) and DM (65%), followed by CVD
(16%), chronic obstructive pulmonary disease and
asthma (12.1%), and renal disease (6.6%; Figure 2).
Among the patients, 155 (22.5%) cases were found
to have received statins during hospitalization, and
79.7% of them received corticosteroids. Table 2 shows
the mean results of different laboratory parameters.
Patients on statins had significantly higher erythrocyte
sedimentation rate (75.48 mm/hr vs 64.34 mm/hr,
=0.001), total bilirubin (18.62 pmol/Lvs 14.21 pmol/L,
=0.023), blood urea nitrogen (14.15 mmol/L vs
8.82 mmol/L, p=0.000), creatinine (176.25 pmol/day vs
120.74 pmol/day, p=0.000), creatine kinase-myocardial
band (66.01 U/L vs 47.65 U/L, p=0.008), troponin I
(1.88 ng/mL vs 0.19 ng/mL, »=0.000), and HbAlc
(8.13% vs 7.12%, p=0.000). Among patients with
COVID-19, 79.2% were found to require oxygen
supply where 60.5% of the patients were oxygenated
using a nasal cannula, followed by a non-rebreather
mask in 10.6% of the patients; however, most of them
were shifted to face masks. No significant difference
was found between patients receiving statins and those

Table 1 - The demographic factors of the patients (N=689).

Variables n (%)
Nationality
Saudi 302 (43.8)
Non-Saudi 387 (56.2)
Gender
Male 464 (67.3)
Female 225 (32.7)
Age, mean+SD 53.7+15.12
<30 40 (5.8)
31-60 422 (61.2)
61-90 224 (32.5)
>90 3 (0.4)
BMI, mean+SD 29.89+6.63
Underweight 15(2.2)
Normal weight 100 (14.5)
Overweight 251 (36.4)
Obese 323 (46.9)
Initial location of admission
Isolated ward 577 (83.7)
ICU 101 (14.7)
HDU 11 (1.6)
Duration of hospitalization (days) 14.82+19.33
Duration of presenting symptoms at the time 6.09£3.52

of admission (days)

Values are presented as numbers and precentages (%) or mean + standard
deviation (SD). BMI: body mass index, ICU: intensive care unit,
HDU: high dependency unit
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Figure 1 - Symptoms prevelence at admission.
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Figure 2 - The prevelence of medical comorbidities presented among patients.

not receiving statins regarding their need for oxygen
(»=0.107); however, it seems that those receiving statins
had a higher risk of needing oxygen (RR=1.47, 95%
CI: [0.92-2.37]; p=0.107). Moreover, 28.0% of the
sample with COVID-19 had entered the ICU, there
was a higher percentage among patients on statins who
were admitted to the ICU (36.1%) when compared
with the control group (25.7%). Receiving statins was
correlated with significantly greater ICU admission
risk by 1.64 times (RR=1.64, 95% CI: [1.12-2.39];
=0.011). Upon admission to the ICU, the qSOFA
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score was calculated, where 9.1% of the patients had
systolic blood pressure of <100 mm of Hg, 33.8% had
respiratory rate of >22, and 6.1% had glasgow coma
scale of <15. The mean qSOFA score was 0.49+0.76.
Approximately 11.3% of the patients were found to
have sepsis. Receiving statins during hospitalization did
not have a significant relationship with the prevalence
of sepsis among patients with COVID-19 (p=0.200).
In general, the mean duration of ICU stay among the
patients was 5.96 days whereas the statin group had
a mean duration of 6.93 days contrasted with 5.65
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Table 2 - Baseline laboratory test results in the total sample and between those received and not received statin.

Parameters Total Receiving statin P-values
No Yes

WBC (x1019/L) 7.94+4.35 7.91+4.44 8.07+4.03 0.683
Hgb (g/L) 38.35+89.53 40.30+98.91 31.66+43.79 0.312
Absolute neutrophils (x1019/L) 7.12+£15.71 7.35£17.7 6.33+3.81 0.50
Absolute neutrophils (Low) (x1029/L) 5.00+7.63 5.28+8.9 4.25+2.05 0.415
PLT (x1079/L) 228.01+88.46 224.49+83.14 240.16+104.21 0.054
Absolute lymphocytes (x1019/L) 1.46£6.0 1.49+6.74 1.35+1.83 0.804
ESR (mm/h) 66.90+33.86 64.34+33.49 75.48+33.78 0.001°
INR 1.22+1.4 1.23+1.58 1.20+0.46 0.819
D-dimer (ug/ml) 2.06+3.85 2.10+4.2 1.92+2.31 0.653
Fibrinogen level (g/L) 8.57+28.08 9.11+32.13 6.83+1.61 0.594
Fibrinogen level (lowest) (g/L) 5.09+1.67 5.12+1.76 4.98+1.39 0.630
ALP (U/L) 102.73+40.11 94.00+42.25 126.00+26.00 0.259
AST (U/L) 77.87+258.9 77.69+282.82 78.55+132.13 0.980
ALT (U/L) 48.49+61.78 U/L 48.78+58.32 U/L 47.49+72.68 U/L 0.822
GGT (U/L) 129.93+£132.01 129.97+£131.15 129.82+140.81 0.998
Total bilirubin (umol/day) 15.17+20.66 14.21+18.45 18.65+27.01 0.023°
Urea (mmol/L) 10.81+9.53 9.82+8.66 14.15+11.42 0.000"
Creatinine (umol/day) 133.42+167.59 120.74+147.71 176.52+217.45 0.000
CK-MB (U/L) 51.88+70.85 47.65+62.84 66.01£91.62 0.008"
CK (U/L) 531.62+1136.92 506.64+1053.67 612.85+£1374.78 0.350
LDH (U/L) 522.77+1398.74 547.96+1589.1 439.68+282.48 0.553
Troponin-I (ng/mL) 0.57+3.69 0.19+1.52 1.88+7.09 0.000
CRP (mg/dL) 13.22+81.43 14.50+91.88 8.54+5.46 0.588
Ferritin (ng/mL) 699.57+639.56 733.84+668.89 580.99+511.9 0.066
Total cholesterol (mmol/L) 4.76£16.12 5.04+18.85 4.03£2.37 0.556
TGD (mmol/L) 2.60+9.96 2.17+4.47 3.72+17.55 0.149
HDL (mmol/L) 0.83+0.57 0.84+0.61 0.80+0.43 0.645
LDL (mmol/L) 303.09+2707.58 322.62+2672.17 252.74+28006.88 0.805
HbA1c (%) 7.34+2.52 7.12+2.48 8.13+2.48 0.000"

Values are presented as mean + standard deviation (SD). "Significant at a p-value of <0.05. WBC: white blood count, Hgb: Hemoglobin,

PLT: platelet count, ESR: erythrocyte sedimentation rate, INR: International normalized ratio, ALP: alkaline phosphatase,
AST: aspartate aminotransferase, ALT: alanine transaminase, GGT: gamma-glutamyl transferase, CK-MB: creatine kinase-myoglobin binding

days in control sample; however, the difference is not
significant (p=0.285). Moreover, 19.6% of the sample
with COVID-19 were intubated during hospitalization,
with a mean intubation duration of 16.21+14.59
days. Receiving statins was found to increase the risk
of intubation by 1.76 times. Approximately 27.1% of
the statin group was intubated compared with 17.4%
of the control sample (RR=1.76, 95% CI: [1.59-2.68];
»=0.008), with no significance on the time span of
intubation (p=0.852). Furthermore, 10.7% of patients
with COVID-19 received inotropic support during
hospitalization. No significant relationship was found
between statin administration and the prevalence of
needing inotropic support; however, with a slightly
higher prevalence among the statin sample (13.5% vs.

9.9%; p=0.200). Regarding hospital complications,

22.5% of the patients were reported to have different
complications; 16.4% of the patients had respiratory
failure, and 2.2% had cardiac complications. Receiving
statins significantly increased the risk of developing
complications. The prevalence of complications among
the statin sample was 36.1% and 18.5% among the
control sample, with an increased risk of developing
complications by 2.48 times (RR=2.48, 95% CI: [1.67-
3.68]; p=0.000). The mortality rate of COVID-19
reported in this study was 8.4% (n=58), the mortality
rate difference was significant among the statin and
control samples, which was 16.8% vs. 6.0%. Statin
administration was found to be linked to a significantly
higher probability of death over COVID-19 patients by
3.16 times (RR=3.16, 95%; CI: 1.82: 5.49; p=0.000)
(Table 3).

heeps://smj.org.sa  Saudi Med ] 2024; Vol. 45 (2) 175



COVID-19 clinical course & statin use ... Alshaalan et al

Table 3 - The relation between receiving statin and outcomes of patients with coronavirus disease-19.

Qutcomes Received statin Risk associated with statin P-values
No Yes RR (95% CI)

Need for 02

No 118 (22.1) 25 (16.1) .

Yes 416 (77.9) 130 (83.9) 1.47 (0.92:2.37) 0.107
Admitted to ICU

No 397 (74.3) 99 (63.9) ) .

Yes 137 (25.7) 56 (36.1) 1.64 (1.12: 2.39) 0.011
qSOFA score at admission to ICU

No sepsis 478 (89.5) 133 (85.8) )

Sepsis 56 (10.5) 22 (14.2) 1.41 (0.83: 2.39) 0.200
Was patient intubated?

No 441 (82.6) 113 (72.9) . .

Yes 93 (17.4) 4227.1) 1.76 (1.59: 2.68) 0.008
Need inotropic support?

No 481 (90.1) 134 (86.5) .

Yes 53 (9.9) 21 (13.5) 1.42 (0.82: 2.44) 0.200
Hospital complication

None 435 (81.5) 99 (63.9) ) .

Yes 99 (18.5) 56 (36.1) 2.48 (1.67: 3.68) 0.000
Mortality

No 502 (94.0) 129 (83.2) ) .

Yes 32 (6.0) 26 (16.8) 3.16 (1.82: 5.49) 0.000

Values are presented as numbers and precentages (%). “Significant at a p-value of <0.05. O2: oxygen,
ICU: intensive care unit, gSSOFA: quick sequential organ failure assessment, RR: relative risk, CI: confidence interval

Discussion. Since the onset of the COVID-19
pandemic, numerous endeavors were carried out to
identify pre-existing drugs that could be swiftly and
effectively repurposed to mitigate the morbidity and
mortality associated with COVID-19. Among these
efforts, statins emerged as the one of the most prominent
drugs.'* Statins have predominant anti-atherosclerotic
and cardioprotective effects, as well as some pleiotropic
effects, including modulation responses of the immune,
alterations in signaling pathways involving cholesterol
intermediates, and augmentation of anti-inflammatory
processes.'! Therefore, the pleiotropic effects of statins
have been linked to several diseases, including systemic
lupus erythematosus, Alzheimer’s disease, inflammatory
bowel disease, multiple sclerosis, and malignancy."
Statins have been investigated for their use in infectious
diseases like AIDS and certain bacterial infections.' !
The administration of statin drugs for COVID-19
patients has gained attention among many previous
studies, in which this type of drugs were hypothesized
to be associated with improving the patients’ outcomes
who were diagnosed with COVID-19, establishing
what was constructed on multiple mechanisms, whereas
other studies have shown statins could a lead to harmfull
outcomes, leading to an enhanced probability for having
respiratory diseases."”?" In this retrospective study of 689
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COVID-19 hospitalized patients, the effects of statin
use on mortality rate, ICU admission, and intubation
were investigated. Lee et al*' reported that statin
administration was not correlated with COVID-19.
In our study, the prevalence of our sample whom are
established by COVID-19 infection who were on statin
drugs was 22.5%. In a systematic review of 25 studies
witha pooled sample size of 147,824 patients, theauthors
reported that 32% of the patients had received statins.?
In this study, statin consumption was correlated with
an inclined rate of ICU admission, intubation, hospital
complications, and mortality. Moreover, statin use was
associated with longer hospital stay, longer ICU stay,
and intubation; however, these associations were not
statistically significant. Our findings are consistent with
findings and conclusions of other clinical investigations,
including Ghafoori et al,”® which reported that the use of
atorvastatin increased hospital stay for days which had a
drawback on the impact timing for discharge. Moreover,
the same study demonstrated atorvastatin use was
connected with a higher frequency in ICU admission
and higher mortality rates.”® Ayeh et al* reported
damaging consequences after statin administration on
these patients, which lead to high risk of increasing
admission length by 7 days and more, increase in the
need of intubation; however, the clinical trial did not
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demonstrate associations of using statin and rate of
death. Moreover, Cariou et al’s conclusions confirmed
our findings, which reported that statins use increased
COVID-19-related mortality rate among hospitalized
patients.”> Furthermore, Aparisi et al® reported that
statin use was related to a greater rate of complications
or death among COVID-19 patients, however, these
relationships were not statistically significant. Moreover,
the study carried out by Shrestha et al*® reported statins
consumption could elevate risk of COVID-19 disease
and mortality rate. Another randomized clinical trial
showed that daily atorvastatin administration in adults
with COVID-19 did not significantly reduce rate
of veno-arterial thromboembolism and mortality.”’
Peymani et al*® showed that statin had not improved
the demise rate or mortality in 75 Iranian COVID-19
patients. By contrast, a cohort investigation carried
out by Spiegeleer et al® indicated use of statins in
patients of COVID-19 is linked with milder symptoms
with improved end results. Moreover, Daniels et al*
showed that establishing the use of statin 30 days
prior to infection reduced the extreme presentation of
COVID symptoms and shorten the healing timing,
while Gupta et al*’ published a study demonstrated
the using statins on COVID-19 infected humans,
was correlated with a significantly decreased rate
of mortality.®’ Moreover, a systematic review of 14
observational studies of almost 20,000 persons infected
by COVID-19 found that statin consumption had
not been correlated better end results, whereas statin
use was drastically coupled low adverse outcomes.
Diaz-Arocutipa et al** published an article showing the
statins use was correlated with increase in death rate,
whereas consuming statins was significantly interrelated
in a declined mortality rate COVID infected sample.
Many other studies showed that the use of statins has
been shown to be linked with lower mortality rates and
improved outcomes for COVID-19 patients, which is
in disagreement with the results.?*?

Study limitations. The retrospective nature of the
study, which introduces the possibility of inaccurate
data being recorded in the patients’ files or inadvertently
misrepresented in the data file. Moreover, several
previous studies, that have reported that statin use
is beneficial among patients with COVID-19, have
shown that this benefit is related to the long duration of
statin use.?** In this study, we did not collect data on
the duration of statin use, which may have affected the
results of our study, as some patients may not have used
statins for a longer duration.

In conclusion, statins consumption is established
to be related to higher demise rate and morbidity

amid patients hospitalized for COVID-19. Complete
information regarding the potential risk reduction
associated ~ with  statin  administration  during
hospitalization, as well as the persistence of its effects,
remains unavailable. Further investigation should be
carried out to assess why statins are associated with
higher mortality rates.
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