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Abstract
Introduction The outbreak by SARS-CoV-2 has rapidly spread worldwide. The need for specific treatments to adequately 
stop the inflammatory response and its sequelae is day by day more urgent and many therapeutic strategies were performed 
since COVID-19 burst in the last months. Statins were thought to be effective against this novel coronavirus for their anti-
inflammatory properties, even if the real effects on COVID patients are still partially unexplored.
Methods We retrospectively evaluated 501 adult patients, consecutively admitted to the two COVID-hospitals of Ferrara’s 
territory, and divided them into two groups: ST = patients on statin therapy on admission and NST=patients not on statin 
therapy on admission. We searched for differences between groups in terms of anamnestic, clinical and laboratory data and 
then in terms of COVID-19 outcomes.
Results We found significant differences between groups in terms of age, comorbidities, procalcitonin and CPK serum levels: 
ST patients were older, more comorbid, with lower procalcitonin and higher CPK serum levels. Male sex was, together with 
the Charlson Comorbidity Index, an independent predictor of needing intensification of care, while age only was a good 
predictor of in-hospital and 100-day mortality. Differences were also found in the survival functions between the two groups.
Conclusions After a period of observation of 100 days, ST patients, despite their older age and their greater load of comor-
bidities, have similar survival functions to NST patients. If adjusted for age and CCI the survival functions of ST group are 
considerably more favourable than those of the second group.

Keywords COVID-19 · SARS-CoV-2 · Statins · HMG-CoA reductase inhibitor · Survival functions

1 Introduction

Coronavirus disease 2019 (COVID-19) is an infectious dis-
ease caused by Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-CoV-2) [1] and it is the third coronavirus 
pandemic of the current century, after SARS (Severe acute 
respiratory syndrome) and MERS (Middle East respiratory 

syndrome). The main cause of death is represented by 
Acute Respiratory Distress Syndrome (ARDS), an immu-
nopathologic event characterized by an uncontrolled sys-
temic inflammatory response and cytokine storm following 
release of pro-inflammatory cytokines (interferons, interleu-
kins, tumor necrosis factor α and chemokines) [2]. For this 
reason, recently some researchers proposed or used anti-
inflammatory agents in the treatment regimen of patients 
with COVID-19 [3, 4].

Statins are known for their anti-inflammatory effects [5] 
and some hospitals included them in the COVID-19 treat-
ment protocol [6], even if there is still no clinical evidence 
that statins are health effective for patients with COVID-19 
and there are not much available data about statin therapy in 
patients with COVID-19.

Among the general major risk factors for developing 
a severe form of COVID-19 there are diabetes, hyperten-
sion and cardiovascular diseases: they are related to higher 
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mortality [7], often related to ARDS. On the other hand, 
conclusive data about the initiation of statins after coronavi-
rus infections are also lacking and there is not an indication 
to initiate a statin therapy during the acute COVID-19 epi-
sodes, excluding clinical trials and conditions where statins 
therapy is strongly recommended, such as acute myocardial 
infarction.

About half of all drugs currently available in clinical 
practice are bio-transformed in the liver primarily by the 
cytochrome P450 (CYP450) system and the CYP450 system 
is also responsible for the microsomal metabolism of statins. 
It can be useful to remember, in the general practice, that 
some other drugs administered during the first phase of the 
current pandemic such as macrolide antibiotics and anti-
virals (e.g. lopinavir, darunavir and their pharmacokinetic 
enhancers ritonavir and cobicistat) are competitive inhibitors 
at the enzymatic level, resulting in higher serum levels of 
statins and thereby in a greater risk of myositis and rhabdo-
myolysis [8, 9]: in such cases, coadministration of statins 
with these drugs should be avoided, or, in the case of therapy 
continuation, tight monitoring of transaminases, creatine 
kinases and renal function markers should be performed. 
Most statins prescriptions are based on both diabetes and 
cardiovascular guidelines and it is imperative to underline 
that there is not any current evidence that the discontinuation 
of statins during COVID-19 acute episodes can be somehow 
advantageous.

Lipid-lowering agents are among the best-prescribed 
drugs in the world. In Italy, in 2018, the consumption of 
lipid-lowering drugs stood at 92.5 DDD/1000 inhabitants 
per day (equal to 8% of consumption by the National Health 
Service); with “DDD” it is meant the defined daily dose, 
a statistical measure of drug consumption, defined by the 
World Health Organization (WHO) Collaborating Centre for 
Drug Statistics Methodology. About 84% of the prescription 
in the category is represented by statins (77.4 DDD).

We decided to perform this retrospective study to assess 
the real association between statin therapy and the major 
COVID-19 outcomes. Statin therapy could result, in fact, 
in a different response in terms of outcomes of hospitalized 
subjects with SARS-CoV-2 infection.

2  Methods

2.1  Study Design and Data Collection

This is a retrospective cohort study. It was developed in two 
hospitals of Ferrara’s territory, both dedicated to COVID 
inpatients during the first SARS-CoV-2 sanitary emergency: 
“Arcispedale S.Anna” in Cona (Fe), the General and Uni-
versity Hospital of the province and “Ospedale del Delta” 

in Lagosanto (Fe) were partially set up for receiving patients 
with the infection.

Between March 15 and June 15, 2020, 501 patients who 
got a laboratory diagnosis of SARS-CoV-2 infection were 
consecutively admitted to our two hospitals in the province 
of Ferrara; the diagnosis was confirmed after the viral RNA 
detection at the nasopharyngeal swab. We enrolled in the 
study all patients without any exclusion criterion, collecting 
their demographic, anamnestic and laboratory data: all data 
were recorded in an electronic report form and anonymized 
so that no patient could be identified anymore.

The degree of severity of the population considered was 
mild or moderate since they were all admitted to our Internal 
Medicine wards.

For each patient we calculated their Charlson Comorbid-
ity Index (CCI), a validated score useful in clinical prac-
tice for better stratification of patients according to their 
comorbidities [10]; we did the same with MEWS score at 
admission to our medical departments thinking of a pos-
sible role of this score in anticipating a possible worsen-
ing of patients’ conditions [11]. Inflammation was assessed 
using white blood count (WBC), C-reactive protein (CRP), 
procalcitonin and ferritin levels, while organ damage using 
creatinine, brain natriuretic peptide (BNP), alanine trans-
ferase (ALT), isoamylase, creatine phosphokinase (CPK), 
and troponin I HS (TnI). Length of stay was defined as the 
duration of stay in an acute hospital setting.

We divided the population into two groups: the first one 
was made of patients on statin therapy (ST group) before 
hospital admission, while in the second group (NST group) 
no one had a clinical reason for being on statin therapy. 
According to the current guidelines, none of the patients 
discontinued the statin therapy, nor modified the dosage.

We searched then for differences between groups (ST 
vs. NST) in terms of demographic, anamnestic, clinical and 
laboratory data.

We chose as outcomes the following: (1) the need for 
intensification of care (meant as the admission to the Pul-
monology department or the Intensive Care Units—ICUs); 
(2) the in-hospital mortality; (3) the 100-day mortality. The 
period of 100 days for the follow-up was arbitrarily chosen 
in order to obtain a different observation period than that 
of the in-hospital stay and to ensure a reliable collection of 
data even in the dismission period after the hospitalization.

The follow-up period of 100 days continued for all the 
subjects who survived the hospital stay as none of them 
had a length of stay longer than 100 days. All patients were 
informed of the potential role of their data in a future study 
and they signed an informed consent when possible.

We followed STROBE (Strenghtening the Reporting 
of Observational Studies in Epidemiology) guidelines for 
reporting observational studies as for the compilation of this 
manuscript.



357Role of Statins in Coronavirus‑Related Disease (COVID‑19)

The local Ethics Committee approved the protocol of this 
study: the protocol code is 521/2020/Oss/AOUFe.

2.2  Statistical Analysis

Data analyses were performed by using SPSS 26.0 (IBM 
SPSS Statistics, IBM Corporation) software. The normal 
distribution of the continuous variables was analyzed using 
Kolmogorov-Smirnov and Shapiro-Wilk tests. Variables not 
normally distributed were log-transformed before entering 
the parametric statistical analysis. Categorical variables 
were summarized by using frequencies and percentages, and 
continuous data were presented as mean± standard deviation 
(SD). The Mann-Whitney U test was used for continuous 
variables, and the χ2 test or the Fisher exact test was used 
for categorical variables. Variables with a p value < 0.05 in 
the univariate analyses were entered into multivariate logis-
tic regression analyses. The Cox regression analyses were 
performed for evaluating the survival functions of both the 

groups of patients on statin therapy and not on statin therapy. 
All p values < 0.05 are considered statistically significant.

3  Results

Between March 15 and June 15, 2020, a total of 501 
patients were hospitalized with a laboratory diagnosis 
of SARS-CoV-2 infection in the two main hospitals of 
Ferrara’s territory (“Arcispedale S.Anna” in Cona and 
“Ospedale del Delta” in Lagosanto), both partially dedi-
cated to COVID inpatients.

51 subjects upon the total of 501 (10.2%) had statins in 
their home therapy, while the remaining 450 did not; 35 
patients were taking atorvastatin (68.6%), 14 simvastatin 
(27.5%) and only 2 pravastatin (3.9%). 10 patients upon 
the 35 taking atorvastatin (28.6%), were on high-intensity 
statin therapy, meant as a dosage of at least 40 mg/daily 
of atorvastatin.

Table 1  Demographic, clinical 
and laboratory data of patients 
(ST=on statin therapy vs. 
NST=not on statin therapy)

All data are expressed as mean ± SD
Bold p values < 0.05 are considered statistically significant
CCI Charlson Comorbidity Index, MEWS Modified Early Warning Score, SBP Sistolic blood pressure, 
DBP diastolic blood pressure, HR heart rate, RR respiratory rate, WBC white blood cells, CRP C reactive 
protein, eGFR estimated Glomerular filtration rate, LDH lactic dehydrogenase, BNP brain natriuretic pep-
tide, ALT alanine transferase, CPK creatinine phosphokinase

N = 501 Total cohort Min–Max ST (n = 51) NST (n = 450) p value

Age, years 72 ± 17 19–99 76 ± 10 71 ± 17 0.030
CCI, points 2.0  ±  2.3 0–12 2.8 ± 2.4 2.0 ± 1.3 0.010
Length of stay, days 19 ± 15 1–92 16 ± 11 20 ± 15 0.120
MEWS score, points 1.8 ± 1.2 0–9 1.7 ± 0.96 1.8 ± 1.2 0.520
SBP, mmHg 129 ± 21 80–190 135 ± 23 129 ± 21 0.050
DBP, mmHg 74 ± 12 40–120 74 ± 12 73 ± 12 0.650
HR, bpm 85 ± 17 43–159 83 ± 15 86 ± 17 0.270
RR, apm 22 ± 6 12–59 22 ± 7 22 ± 6 0.880
P/F ratio 284±111 68–971 288±93 284±113 0.850
WBC, n/mmc 8354 ± 6838 1720–101,730 6865 ± 2705 8524 ± 7143 0.310
Lymphocytes, n/mmc 1340 ± 2647 129-46,540 1041 ± 501 1374 ± 2787 0.330
CRP, mg/dl 8.3 ± 8.6 0–65 6.4 ± 5.6 8.5 ± 8.9 0.110
Procalcitonin, (ng/ml) 1.6 ± 6.9 0–100 0.9±2.8 1.7 ± 7.4 0.010
Creatinine, mg/dl 1.37 ± 1.66 0.1–19.6 1.14 ± 0.60 1.4 ± 1.7 0.760
eGFR, ml/min 67 ± 31 0.5–173.6 64 ± 23 67 ± 32 0.520
LDH, mg/dl 305 ± 164 59–1741 301 ± 98 305 ± 171 0.280
BNP, pg/ml 244 ± 528 0–5000 181 ± 198 255 ± 566 0.370
Fibrinogen, mg/dl 536 ± 182 113–1277 534 ± 173 536 ± 183 0.950
D-Dimer, ng/ml 2.6 ± 5.1 0–35 2.5 ± 5.0 2.6 ± 5.2 0.860
Isoamylase, U/l 47 ± 52 1–571 38 ± 40 48 ± 54 0.330
ALT, U/l 36 ± 68 3–1120 24 ± 15 38 ± 72 0.300
CPK, U/l 283 ± 1124 10–16,333 336 ± 463 275 ± 1191 0.003
Ferritin, ng/ml 618–877 5–6399 711 ± 1361 608 ± 807 0.890
Troponin, ng/ml 70 ± 293 0–3704 84 ± 248 68 ± 302 0.060
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The whole population was also divided into two groups 
(ST vs. NST) as shown in Table 1. Patients on statin ther-
apy were on average older than patients who did not take 
statins before being admitted to hospital (76 ± 10 vs. 
71 ± 17 years, p = 0.03), had a greater Charlson Comor-
bidity Index (2.8 ± 2.4 vs. 2.0 ± 1.3 points; p = 0.01) 
and higher systolic blood pressure (135 ± 23 vs. 129 ± 21 
mmHg; p = 0.05)

As expected, they also had higher CPK serum levels 
than patients did without statin therapy (336 ± 463 vs. 
275 ± 1191 U/L; p = 0.003). Significant differences were 
also found for procalcitonin levels: ST patients had lower 
serum levels of procalcitonin than NST patients (0.9 ± 2.8 
vs. 1.7 ± 7.4 ng/ml; p = 0.01).

In Table 2 we recapitulated the percentage of comorbidi-
ties by patients of the two groups: patients on statin ther-
apy had more frequently hypertension (80.4% vs. 59.4%, 
p = 0.003), a history of hematological or localized cancer 

(27.5% vs. 15.7%, p = 0.03), diabetes (43.1% vs. 9.5%, p 
< 0.001) and smoking habit (29.4% vs. 16.4%, p = 0.03).

We further analyzed the population trying to check 
whether ST patients underwent different outcomes compared 
to NST patients. Table 3 shows no significant differences 
between groups in terms of the need for intensification of 
care in, in-hospital mortality and 100-day mortality: 16 ST 
subjects upon 51 (30.4%) underwent intensification of care 
vs. 113 subjects upon 450 of the NST population (25.1%); 
11 ST subjects upon 51 (21.6%) vs. 117 NST subjects upon 
450 (26.0%) died within the in-hospital period, while as for 
the last outcome chosen, 15 ST patients upon 51 (29.4%) vs. 
140 subjects upon 450 (31.1%) died within the observation 
period of 100 days.

Specific analyses were performed for the group of ST 
patients considering that, during the hospitalization, some 
of them were treated also with CYP450 inducers such as 
macrolides (azithromycin only) and antivirals (lopinavir, 
darunavir and their pharmacokinetic enhancers ritonavir and 
cobicistat). These analyses showed that the only slightly sig-
nificant correlation concerned the two sub-groups of patients 
who received or not the antiviral therapy; in particular, those 
who did not receive such therapy appeared to undergo less 
often an intensification of care (46.2% vs. 76.3%, p=0.04). 

Table 2  Comorbidities on admission (ST = on statin therapy vs. NST 
= not on statin therapy).

Bold p values < 0.05 are considered statistically significant
CKD chronic kidney disease, TIA transient ischemic attack, PCOA 
peripheral chronic obstructive arteriopathy, COPD chronic obstruc-
tive pulmonary disease

N = 501 ST (N = 51) NST (N = 450) p value

Men, N.(%) 27 (52.9) 227 (50.3) 0.740
Women, N.(%) 24 (47.1) 224 (49.7)
Smoking habit, N.(%) 15 (29.4) 74 (16.4) 0.030
Hypertension, N.(%) 41 (80.4) 268 (59.4) 0.030
Diabetes, N.(%) 22 (43.1) 43 (9.5) < 0.001
Heart failure, N.(%) 6 (11.8) 50 (11.1) 0.870
CKD (III-IV-V stage), 

N.(%)
7 (13.7) 58 (12.9) 0.860

Stroke or TIA, N.(%) 9 (17.6) 59 (13.1) 0.360
PCOA, N.(%) 4 (7.8) 24 (5.3) 0.460
COPD, N.(%) 4 (7.8) 441 (9.1) 0.770
Localized or hematological 

cancer, N.(%)
14 (27.5) 71 (15.7) 0.030

Metastatic cancer, N.(%) 2 (3.9) 25 (5.5) 0.630
Dementia, N.(%) 12 (23.5) 117 (26.0) 0.730

Table 3  Univariate analyses of COVID-19 outcomes.

Comparison between groups (ST = on statin therapy vs. NST = not on statin therapy) in terms of intensification of care, in-hospital death, and 
100-day mortality

N = 501 Intensification of care n.(%) p value In-hospital death n.(%) p value 100-day mortality p value

Yes No Yes No Yes No

ST (n = 51) 16 (30.4) 35 (69.6) 0.33 11 (21.6) 40 (78.4) 0.49 15 (29.4) 36 (70.6) 0.81
NST (n = 450) 113 (25.1) 337 (74.9) 117 (26.0) 333 (74.0) 140 (31.1) 311 (68.9)

Table 4  Logistic regression analyses of intensification of care.

Categorical parameters in relation to the need for intensification of 
care
Bold p values < 0.05 are considered statistically significant
OR odds ratio, 95% CI 95% Confidential Interval, CCI Charlson 
Comorbidity Index, COPD chronic obstructive pulmonary disease

Variables OR 95% CI p value

Age 1.00 0.98–1.02 0.87
Sex (M) 2.91 1.74–4.85 < 0.001
CCI 0.83 0.71–0.97 0.02
Statin therapy 1.00 0.47–2.14 0.99
Hypertension 1.72 0.95–3.11 0.08
Diabetes 1.05 0.51–2.18 0.89
Coronary artery disease 1.09 0.50–2.62 0.86
COPD 1.16 0.44–3.11 0.77
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The analyses concerning the CYP450 inducers can be found 
in the Supplementary table.

Multivariate analyses were performed to confirm that, 
limitedly to our cohort of patients, statin therapy did not 
clearly modify the COVID-19 short-term outcomes, at 
least if considered with such statistical analyses. Table 4 
shows that the two variables strongly associated with the 
need for intensification of care were sex (OR 2.91, 95% 
CI 1.74–4.85, p < 0.001) and the Charlson Comorbidity 
Index (OR 0.83, 95% CI 0.71–0.97, p = 0.02).

As for mortality (in-hospital and at the 100th day since 
hospital admission), the only determining variable was age 
(OR 1.08, 95% CI 1.05–1.11, p < 0.001 for both mortality 
rates). These data are shown in Tables 5 and 6.

To understand the role of the variables age and CCI, 
supposing them to be the two main selection bias of 
our findings, we decided to perform two separate Cox 

regression analyses, that determined the survival curves 
of the population on statin therapy (ST) and not on sta-
tin therapy (NST). The Cox regression analysis in Fig. 1 
shows the survival curves of both populations after 100 
days of observation without any adjustment. In Fig. 2 it 
is shown the Cox regression analysis for the same popu-
lations of patients but with the adjustment for age and 

Table 5  Logistic regression analyses of in-hospital mortality.

Categorical parameters in relation to death within the hospitalization 
period
Bold p value < 0.05 is considered statistically significant
OR odds ratio, 95% CI 95% confidential interval, CCI Charlson 
Comorbidity Index, COPD chronic obstructive pulmonary disease

Variables OR 95% CI p value

Age 1.08 1.05–1.11 < 0.001
Sex (M) 1.35 0.76–2.42 0.31
CCI 1.08 0.94–1.23 0.29
Statin therapy 0.45 0.19–1.04 0.06
Hypertension 0.84 0.44–1.62 0.61
Diabetes 1.58 0.77–3.25 0.21
Coronary artery disease 1.93 0.85–4.36 0.12
COPD 1.21 0.47–3.12 0.69

Table 6  Logistic regression analyses of 100-day survival.

Categorical parameters in relation to death after 100 days
Bold p value < 0.05 is considered statistically significant
OR odds ratio, 95% CI 95% confidential interval, CCI Charlson 
Comorbidity Index, COPD chronic obstructive pulmonary disease

Variables OR 95% CI p value

Age 1.08 1.05–1.11 < 0.001
Sex (M) 1.04 0.60–1.79 0.90
CCI 1.12 0.98–1.27 0.10
Statin therapy 0.63 0.29–1.35 0.23
Hypertension 0.87 0.47–1.61 0.65
Diabetes 1.08 0.54–2.19 0.83
Coronary artery disease 1.36 0.61–3.04 0.46
COPD 1.30 0.53–3.20 0.57

Fig. 1  Cox regression analysis, survival at the 100th day since the 
first positive viral RNA detection in both populations of patients (on 
statin therapy, ST = red curve vs. not on statin therapy, NST=blue 
curve)

Fig. 2  Cox regression analysis, survival at the 100th day since the 
first positive viral RNA detection in both populations of patients (on 
statin therapy, ST =red curve vs. not on statin therapy, NST=blue 
curve) adjusted for age and CCI (Charlson Comorbidity Index). The 
red curve intercepts the blue curve in its first descending tract, but 
they take different directions after a longer observation time, resulting 
in two different survival functions



360 S. Greco et al.

comorbidities (weighted through the CCI): the popula-
tion of patients on statin therapy seems to survive longer 
if compared to that of patients not on statin therapy 
(p < 0.001).

4  Discussion

In this study, we evaluated the effects of statin therapy 
on COVID-19 outcomes. The prevalence of inpatients 
with SARS-CoV-2 infection, who were already on statin 
therapy at hospital entry in Ferrara’s province, was 10.2% 
(51 subjects upon 501).

First of all, we divided the population into two groups, 
distinguished on the basis of their home drug therapy: 
patients who were already taking statins before being admit-
ted to our hospitals with a diagnosis of SARS-CoV-2 infec-
tion were assigned to the first group (ST), while patients 
without statin therapy at home were allocated in the sec-
ond group (NST). We investigated the differences between 
groups in terms of demographic, clinical and laboratory 
data, finding significant results for age, Charlson Comor-
bidity Index (CCI), systolic blood pressure, procalcitonin 
and CPK serum levels.

ST patients were on average older than those of the 
NST group (76 ± 10 vs. 71 ± 17 years) and they had a 
greater CCI (2.8 ± 2.4 vs. 2.0 ± 2.3 points), thus result-
ing to have more comorbidities. The first consideration is 
about age: it is no surprise that ST patients are older than 
NST patients, and the same can be said for their different 
Charlson Comorbidity Indexes. Statins are, in fact, often 
prescribed to older and more comorbid patients due to 
their positive effects in reducing significantly the number 
of major vascular events, irrespective of age, even if there 
is less definitive direct evidence of benefit in the primary 
prevention setting among patients older than 75 years. 
Anyway, evidence supports the use of statin therapy in 
older people considered to have a sufficiently high risk of 
occlusive vascular events [12].

In our cohort, patients on statin therapy had also higher 
mean systolic blood pressure and CPK serum levels, while 
procalcitonin serum levels were significantly lower com-
pared with patients of the other group.

As for the higher levels of systolic blood pressure reg-
istered in the group of ST patients, the explanation can 
be found in the higher percentage of patients treated for 
hypertension in this group if compared to the group of NST 
patients (80.4% vs. 59.4%). Equally easy to explain is the 
difference between groups in terms of serum levels of cre-
atine phosphokinase (CPK): CPK elevation, with or without 
myopathy, is strictly associated with statin therapy and it 
could be considered as one of the most known side effects 
of such drug therapy [13].

Certainly, more complicated to explain is the relation-
ship between statins and procalcitonin; in this study, the two 
groups were significantly different in terms of procalcitonin 
serum levels, with lower serum levels of procalcitonin in 
the ST population (0.9 ± 2.8 vs. 1.7 ± 7.4 ng/ml). Several 
studies in the last years have reported improved survivals in 
severe bacterial infections among statin-treated patients and 
one of the proposed mechanisms at the base of this phenom-
enon is the anti-inflammatory effect of statins, as explained 
above. A systematic review by Kopterides et al. [14], in 
2009, investigated the role of statins in infections, showing 
how the statin treatment is generally associated with a better 
prognosis in severe bacterial diseases. In 2010, Björkhem-
Bergman et al., in their meta-analysis [15], recapitulated the 
effects of statins in bacterial infections, showing a strong 
association with a better prognosis. However, the adjust-
ments made for apparent publication bias, modified the 
results of the analyses and the associations observed did not 
reach statistical significance anymore.

We decided to investigate the differences between the two 
main groups of patients also in terms of disease outcomes (1, 
The need for intensification of care; 2, in-hospital mortality; 
3, 100-day mortality), finding no significant differences for 
any of the evaluated variables. Multivariate analyses were 
also performed to check whether there were variables that 
could somehow predict the COVID-19 outcomes. We chose 
age, sex, CCI and statin therapy as variables of the analy-
sis, considering then also some of the most known negative 
prognostic factors such as hypertension, diabetes, coronary 
artery disease and COPD. We found the male sex to be an 
independent risk factor for undergoing the intensification of 
care (OR 2.91) together with CCI and age for the in-hospital 
and the 100-day mortality.

The univariate analyses did not show any significant asso-
ciations between the statin therapy and the three COVID-19 
outcomes chosen, while the multivariate analyses performed 
showed strong relationships between sex and the need for 
intensification of care. In particular, men underwent inten-
sification of care with much more probability than women 
as already observed in other studies [16, 17]. The Charlson 
Comorbidity Index was also strongly associated with the 
need for intensification of care (OR 0.83).

Behind this difference between men and women, there is 
not certainly any kind of sex discrimination, but probably 
the key to reading this data is the different age of men and 
women in both groups. As for the ST group, there were 27 
men and 24 women and there was not a significant differ-
ence between their mean ages (75 ± 11 vs. 78 ± 8 years; 
p = 0.27), while in the group of NST patients there were 
227 men and 223 women and there was a substantial dif-
ference in terms of mean age (68 ± 16 vs. 74 ± 18 years, 
p < 0.001). If we calculate the differences between men 
and women for age in the whole population, we notice how 
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women are on average substantially older than men (69 ± 16 
vs. 75 ± 17 years, p < 0.001), even if there were no signifi-
cant sex-related differences in terms of comorbidities: the 
mean Charlson comorbidity indexes are, in fact, not different 
between men and women (2.0 ± 2.3 vs. 2.1 ± 2.3 points; 
p = 0.46). statistical analyses concerning the age and the 
comorbidity indexes of patients divided by sex are not shown 
in the tables below. Women, in short, were older than men 
and we can state that this was the main reason why men 
were more often candidate for the intensification of care. 
Similarly, as CCI showed a “protective” role in determining 
the need for intensification of care, we could say that the 
clinicians’ choice towards more intensive care settings was 
based also on the charge of comorbidities of the patient. 
The eligibility of patients to the intensification of care needs 
to be established according to the estimated probability of 
overcoming the disease: scoring systems may guide clini-
cians through it but clinical judgment remains the core skill 
when dealing with end-of-life events and decisions [18]. Age 
and comorbidities are always to be taken into consideration 
before making patients eligible for admission to ICUs or to 
Pulmonology departments and both can help estimate the 
chances of success towards the intensification of care.

The analyses concerning the drugs acting on CYP450, 
shown in the Supplementary table, indicated that the patients 
who did not receive such therapy appeared to undergo less 
often an intensification of care (p = 0.04). However, in this 
case, the small size of the sample considered does not allow 
to get to any conclusion and many variables could have influ-
enced this finding, such as the timing of the administration 
since the first symptoms or the age of the patients that were 
not considered in the eligibility of the patients themselves 
to the antiviral therapy.

As for the in-hospital and the 100-day mortality rates, 
the multivariate analyses summarized in Tables 5 and 6 
showed that the only variable independently associated with 
both mortality rates was age (OR 1.08; 95% CI 1.05–1.11, 
p < 0.001 for the in-hospital and the 100-day mortality rate).

This point is easily interpretable and it is not surprising 
that the elderly patients are those at higher risk of death dur-
ing the hospital stay or after a short period (in this case it 
was considered a 100-day period) since hospital admission.

The results of the Cox regression analyses registered 
in Figs. 1 and 2 are surely more interesting and worthy of 
further consideration. Figure 1 figures the survival func-
tion of both the populations on statin therapy and not on 
statin therapy, showing no substantial differences at the 
observation after 100 days since hospital admission. The 
same analysis, adjusted for age and CCI represented in 
Fig. 2, shows different trends in the 100-day mortality 
between the ST and NST populations: after the first days 
of observation, in fact, the two curves show evident differ-
ences in terms of survival at the 100th day since hospital 

admission: the red curve, representing the ST popula-
tion, shows better survival function than the blue curve 
that represents, instead, the NST population. These data 
are in line with those previously observed in some other 
studies concerning COVID inpatients on statin therapy: 
recently, Zhang et  al. [19] reported that, on a total of 
13,981 recruited in their study, whose 1219 were on statin 
therapy, the death rate of statin users and nonusers were 
respectively 5.2% and 9.4%. Moreover, a recent meta-anal-
ysis by Kow et al. [20] including a total of 8990 COVID 
patients from 4 different studies revealed a significantly 
reduced hazard ratio for fatal or severe disease with the 
use of statins (HR 0.70; 95% CI 0.53–0.94). Another meta-
analysis by Onorato et al. [21] on a total of 170 studies 
about statins in COVID-19 suggested a potential beneficial 
effect of statins in patients with COVID-19, especially 
when these drugs were initiated before hospital admission. 
Similarly, a study by Gupta et al. [22] on 2626 patients 
found that the antecedent statin use in patients hospital-
ized with COVID-19 is associated with lower inpatient 
mortality (OR 0.47).

The “meeting point” between the different theories under-
lying the anti-inflammatory effect of statins seems to be the 
immunomodulatory effect of statins on the TLR-MyD88 
pathway. In 2015, some researchers from the USA demon-
strated that the Toll-like receptor 3 signaling (TLR3 is a 
member of the sensor proteins Toll-like receptors) contrib-
utes to a protective innate immune response to severe acute 
respiratory syndrome coronavirus (SARS-CoV) infection. 
Gene expression of myeloid differentiation primary response 
88 (MyD88) is induced by SARS-CoV infection and its 
product acts downstream of TLRs [23]. Both over-expres-
sion and under-expression of MyD88 gene were related to 
increased mortality after MERS-CoV infection [24]. NF-kB 
is activated by coronavirus infections, downstream of TLRs-
MyD88 pathways. Mice models showed how the inhibition 
of NF-kB improved lung affection and survival after SARS-
CoV infection [25].

Some animal studies showed that an excessive inhibition 
of TLR adaptor TRIF or MyD88 signaling, results in severe 
lung damage and death, probably due to the activation of 
different compensatory immunologic pathways. Further ani-
mal studies also showed that with abolished TLR pathways 
the viral load and risk of coronavirus transmission to other 
humans were higher [26].

Among TLR-MyD88 antagonists, statins are probably 
the most common FDA-approved drugs and they do not 
affect the MyD88 level significantly under normal condi-
tions, while they preserve MyD88 at a normal level during 
hypoxia mitigating NF-kB activation [27]. For this rea-
son, some researchers hypothesized it to be helpful to use 
statins in the case of MERS-CoV [28] and SARS-CoV-2 
infections [29].
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Statins, by the potential to inhibit TLR pathways and 
NF-kB response, carry the potential risk of exacerbating 
such compensatory immune factors resulting in poor disease 
outcomes. Some human and animal studies have shown lung 
injury improvements due to the anti-inflammatory effects 
of statins [30, 31] while a retrospective analysis of a mul-
ticenter clinical trial on the efficacy of rosuvastatin against 
infection-induced ARDS showed higher IL-18 levels and 
mortality in statin-treated patients [32]. Equally conflict-
ing are the findings on the effects of statins in patients with 
community-acquired [33] and ventilator-associated pneumo-
nia [34–36].

This cohort study underlines the role of statin therapy in 
modifying the COVID-19 outcomes. In particular, as shown 
above, the patients who were already on statin therapy on 
hospital admission had a lower 100-day mortality rate 
when compared to the patients who did not have statins in 
their home therapy. This difference is particularly evident 
in adjusting the data for age and comorbidities, in order to 
eliminate the two main selection biases of the analyses, and 
can find a possible explanation in the anti-inflammatory 
effect of statins even in the SARS-CoV-2 infection.

What is important to underline is that statins are safe 
drugs in general and all the studies agree in stating that 
they are not only safe to be administered during SARS-
CoV-2 infection, but they can also improve COVID-19 out-
comes, especially when longer periods of observation are 
considered.

Certainly, this study is not free from limitations and these 
are related to its retrospective nature and to the restricted 
sample size, which could have limited the significance of 
our findings. Furthermore, the study population included 
only hospitalized subjects, so extrapolation of the conclu-
sions to the general population with SARS-CoV-2 infec-
tion requires caution. Lastly, the observation time is limited 
to 100 days for each patient and it did not consider longer 
follow-up periods so that it is not possible to dissert about 
the long-term consequences on the COVID-19 outcomes by 
the statin therapy.

For all these reasons it is still necessary to better investi-
gate and deepen the relationships between statin therapy and 
viral infections such as SARS-CoV-2 infection; as always, 
randomized-controlled trials concerning the efficacy of 
statins against COVID-19 are needed for confirmation or 
refutation of such findings.

5  Conclusions

This study was aimed at evaluating the possible effects of 
statins on COVID-19 outcomes. The positive consequences 
of a lipid profile improvement are well known in patients 

with cardiovascular diseases and in general in those with a 
high risk of developing major cardiovascular events, but it is 
not yet clear what the effects of statin therapy are in patients 
with SARS-CoV-2 infection.

Our study showed some interesting data about the dif-
ferent mortality rates of patients with and without statin 
therapy on admission to our two hospitals. In particular, 
after a period of observation of 100 days, patients on sta-
tin therapy, despite their older age and their greater load 
of comorbidities, have similar survival functions to those 
of patients in the cohort not on statin therapy. Moreover, if 
adjusted for age and Charlson Comorbidity Index (CCI) the 
survival functions of patients on statin therapy are consider-
ably more favourable than those of patients not taking statins 
on hospital admission.
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