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Background: The cardiovascular complications of Coronavirus Disease 2019 (COVID-19) may be attributed to the hyperinflammatory state leading to increased mortality in patients with COVID-19. HMG-CoA Reductase Inhibitors (statins) are known to have pleiotropic and anti-inflammatory effects and may have antiviral activity along with their cholesterol-lowering activity. Thus, statin therapy is potentially a potent adjuvant therapy in COVID-19 infection. This study investigated the impact of statin use on the clinical outcome of critically ill patients with COVID-19.

Methods: A multicenter, retrospective cohort study of all adult critically ill patients with confirmed COVID-19 who were admitted to Intensive Care Units (ICUs) between March 1, 2020, and March 31, 2021. Eligible patients were classified into two groups based on the statin use during ICU stay and were matched with a propensity score based on patient's age and admission APACHE II and SOFA scores. The primary endpoint was in-hospital mortality, while 30 day mortality, ventilator-free days (VFDs) at 30 days, and ICU complications were secondary endpoints.

Results: A total of 1,049 patients were eligible; 502 patients were included after propensity score matching (1:1 ratio). The in-hospital mortality [hazard ratio 0.69 (95% CI 0.54, 0.89), P = 0.004] and 30-day mortality [hazard ratio 0.75 (95% CI 0.58, 0.98), P = 0.03] were significantly lower in patients who received statin therapy on multivariable cox proportional hazards regression analysis. Moreover, patients who received statin therapy had lower odds of hospital-acquired pneumonia [OR 0.48 (95% CI 0.32, 0.69), P < 0.001], lower levels of inflammatory markers on follow-up, and no increased risk of liver injury.

Conclusion: The use of statin therapy during ICU stay in critically ill patients with COVID-19 may have a beneficial role and survival benefit with a good safety profile.
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Introduction

Since the spread of the Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2), leading to Coronavirus Infectious Disease 2019 (COVID-19) in 2019, over six million people have died worldwide (1). Although the mortality of patients with COVID-19 is mainly due to respiratory-related complications, growing evidence shows increased morbidity and mortality related to multiorgan failure, including heart and kidney failure (2–5). Evidence suggests that critically ill patients with COVID1-9 may have an overproduction of early response pro-inflammatory cytokines, which results in a systemic hyperinflammatory state that may contribute to developing acute respiratory distress syndrome (ARDS) (6, 7). Hypoxia plays a major role in COVID-19 mortality (8, 9), and can trigger cardiorespiratory compensation which may fail causing lactic acid elevation, cardiovascular failure and death (10, 11). Moreover, pre-existing cardiovascular diseases (CVD) or cardiovascular risk factors in subjects with COVID-19 can confer a higher risk of poor prognosis and increased mortality (12–14).

In non-COVID-19 patients, statin therapy has been associated with lower Cardiovascular risk and mortality (15). Statins have pleiotropic anti-inflammatory, antithrombotic and immunomodulatory effects which may decrease the endothelial dysfunction and inflammatory dysregulation in patients with COVID-19 (16–18). Part of the anti-inflammatory effects of statins is ultimately to reduce inflammatory markers such as C-reactive proteins (CRP) (19). Moreover, statin therapy has been reported to have antiviral activity through immunomodulation and viral replication suppression (20). These effects of statins suggest that they might have a promising role in indirectly improving the clinical outcomes in patients with COVID-19 (21). This may be attributed to the improvement in endothelial dysfunction suppressing the damage that may be caused by microvascular, and macrovascular thrombosis and cytokine storm (22, 23); thus, reducing cardiovascular complications in COVID-19 patients.

The clinical evidence about the benefit of statins is inconsistent (24, 25). Multiple studies reported a decrease in mortality and inflammatory response in patients with COVID-19 using statin therapy (24, 25). In contrast, a systematic review and national observational study respectively showed no improvement in hospital outcomes and even an increase in mortality (26, 27). Nonetheless, most previous studies were performed in hospitalized patients with mild to severe COVID-19, while only few studies investigated statins in critically ill patients with COVID-19 (21). Thus, this study aimed to investigate the impact of statins use on the clinical outcomes in critically ill patients with COVID-19.



Methods


Study design

This was a multicenter, retrospective cohort study including adult critically ill patients with confirmed COVID-19 who were admitted to the intensive care units (ICUs) from March 01, 2020, until March 31, 2021. Eligible patients were then classified into two groups based on statin therapy use during ICU stay (non-statin vs. statin users). Statins were prescribed in the ICU as part of the medication reconciliation process if they had been prescribed in the pre-ICU period or were initiated in the ICU for various indications at the discretion of the ICU treating team and stopped based on physicians' clinical judgment. The King Abdullah International Medical Research Center (KAIMRC) authorized the study in January 2021 (Reference number: NRC21R/015/R). Due to the study's retrospective observational nature, informed consent from study participants was waived.



Study participants

Adult (age 18 years and older) critically ill patients who were admitted to ICUs at four centers with confirmed COVID-19, regardless of their comorbid conditions, were included in the study. Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) nasopharyngeal and/or throat swabs were used to diagnose COVID-19. Patients were excluded if they had an ICU length of stay (LOS) of 1 day or less, died within 24 h of admission, or were designated a “Do-Not-Resuscitate” status within 24 h of their ICU admission (Figure 1). All patients were followed until they were discharged from the hospital or died during the hospital stay, whichever occurred first.
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FIGURE 1
 Critically ill patients with COVID-19 flowchart.




Study setting

This study was conducted at four centers in Saudi Arabia: King Abdulaziz Medical City (Riyadh), King Abdullah bin Abdulaziz University Hospital (KAAUH) (Riyadh), King Abdulaziz University Hospital (Jeddah), and King Salman Specialist Hospital (Hail). We included both tertiary and secondary centers. The selection of these centers was based on the geographic distribution, availability of electronic records and the center's willingness to participate in this national project. King Abdulaziz Medical City (Riyadh), a tertiary care center that includes more than 1500 beds and more than nine ICU units, was the primary site for this multicenter retrospective study.



Data collection

Each patient's data were collected and handled using RREDCap® software hosted by the King Abdullah International Medical Research Center (KAIMRC). We collected demographic data, comorbidities, vital signs, laboratory tests, severity scores (i.e., Sequential Organ Failure Assessment (SOFA), Nutrition Risk in Critically ill (NUTRIC), and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores), Glasgow Coma Score (GCS), receipt of mechanical ventilation (MV) and MV parameters (e.g., highest FiO2 requirement, lowest PaO2/FiO2 ratio), use of prone positioning, and acute kidney injury within 24 h of ICU admission. Moreover, liver function tests (LFTs), coagulation profile (i.e., fibrinogen, D-dimer, INR, aPTT), renal profile, and inflammatory markers (e.g., ferritin, and procalcitonin) within 24 h of ICU admission were collected. For the eligible patients, HMG-CoA Reductase Inhibitors (statin therapy) (type and dose), tocilizumab and corticosteroids use were recorded. We also included information on the use of inotropes and vasopressors during the first 24 h of ICU admission, as well as information on the use of nephrotoxic drugs and DVT prophylaxis during ICU admission. If administering oral tablet was not feasible, then statin tablet was crushed and given to the patient through the feeding tube, according to hospital policy.



Outcomes

In-hospital mortality was the primary endpoint. Other outcomes such as 30-day mortality, hospital LOS, ICU LOS, receipt of MV, ventilator-free days (VFDs) at 30 days, and ICU-acquired complications (new-onset atrial fibrillation, respiratory failure, hospital-acquired pneumonia [(bacterial or fungal), secondary fungal infection, acute kidney injury, and liver injury] were considered secondary endpoints (Supplementary material 1).



Statistical analysis

We reported continuous data as mean and standard deviation (SD), or median with the lower quartile (Q1) and upper quartile (Q3), as appropriate, and categorical variables as number and percentage. The baseline variables of the two study groups were compared (statin and non-statin users). We employed the Chi-square or Fisher's exact test categorical data. On the other hand, we used the student t-test for normally distributed continuous data and the Mann-Whitney U-test for non-normally distributed continuous variables. The normality assumptions were assessed for all numerical variables using graphical representation (i.e., histograms and Q-Q plots) and statistical tests (i.e., Shapiro–Wilk test). Hosmer-Lemeshow goodness-of-fit test was used for model fit assessment.

Propensity score matching (Proc PS match; SAS, Cary, NC) was used to match patients who received statin medication (active group) to patients who did not (control group) based on patient's age and baseline illness severity scores (APACHE II and SOFA scores) within 24 h of ICU admission. A greedy nearest neighbor matching approach was utilized, such that one patient who received statin medication (active) was paired with one patient who did not (control), resulting in the least within-pair difference among all available pairs of treated patients. The difference in the logits of the propensity scores for pairs of patients from the two groups was matched only if it was ≤0.5 times the pooled estimate of the standard deviation. To validate the propensity score model, baseline characteristics for the matched cohort were compared between the two groups.

By considering the PS score as one of the covariates in the model, regression analysis was done based on the patient's age and baseline severity scores (APACHE II and SOFA) within 24 h of ICU admission. For the 30-day and in-hospital mortality, multivariable cox proportional hazards regression analyses were performed, and the proportionality assumption was assessed before fitting the cox model. Visual assessment was performed to assess the assumption by plotting log(-log) plot and by testing the correlation of scaled Schoenfeld residuals with rank-ordered time. Multivariable and negative binomial regression analysis were used for all other outcomes considered in this study. The hazard ratio (HR), odds ratios (OR), or estimates with the 95% confidence intervals (CI) were reported as appropriate. Since the patients in our study were not selected randomly, no imputation was performed for missing data. All statistical analyses were performed using SAS version 9.4 and a P-value of < 0.05 was considered statistically significant.




Results

A total of 1,049 patients met our inclusion criteria. Of these patients, 279 (26.6%) received statins during their ICU stay. After propensity score matching, 502 patients were included (1:1 ratio) according to the selected criteria. Most of the patients (86.4%) received statins as a continuation due to underlying coexisting illness [e.g., dyslipidemia (DLP), ischemic heart disease (IHD)]. Only 20 patients (8.6%) required statin discontinuation during ICU stay. The most common cause for statin discontinuation was rhabdomyolysis (nine patients), followed by liver damage (eight patients). Atorvastatin (81.3%) with a median daily dose of 20 mg was the most often used statin, followed by rosuvastatin (14.1%) with a median daily dose of 20 mg.


Demographic and clinical characteristics

Most of the included patients in both arms were males (68.9%) with a mean age of 61.6 years (SD ± 14.8). Diabetes mellitus (59.0%) was the predominant underlying comorbidity, followed by hypertension (55.2%) and dyslipidemia (19.3%). There were some notable differences between the two groups before propensity score matching. Following the propensity score (PS) matching, most of the baseline and demographic characteristics were similar between the two groups. Summary of the patients' baseline characteristics is available in Table 1.


TABLE 1 Summary of demography and baseline characteristics.
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30-day and in-hospital mortality

In the crude analysis, there was no significant difference in the in-hospital mortality (46.8 vs. 53.0%, P = 0.17) or 30-day mortality (44.2 vs. 49.2%, P = 0.27) between the statin and the control group, respectively (Table 1). However, using the cox proportional hazards regression analysis, patients who received statins had a lower in-hospital mortality [HR 0.69 (95% CI 0.54, 0.89), P = 0.004] as well as 30-day mortality [HR 0.75 (95% CI 0.58, 0.98), P = 0.03] compared with the control group (Table 2). In the prespecified subgroup analysis (Tables 3, 4), in patients who were on statin pre-ICU admission (Chronic use), the in-hospital mortality was lower in the statin group (HR 0.79; 95% CI 0.59, 1.04; P = 0.09); however, it did not reach to a statistical significant difference. The overall survival probabilities were higher during hospital stay among patients who received statin therapy before and after propensity score-matching (Figure 2).


TABLE 2 The outcomes of critically ill patients with COVID-19 after propensity score matching.
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TABLE 3 Subgroup analysis—regression analysis for the outcomes after PS adjustment (new initiation of statin).
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TABLE 4 Subgroup analysis—regression analysis for the outcomes after PS adjustment (chronic use of statin only).
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FIGURE 2
 Overall survival plot during the hospital stay after PS matching comparing patients who received statin therapy (251 patients) vs. the control group (non-statin; 251 patients).




Ventilator free days and length of stay

During the ICU stay, the mean VFD was 10.6 days (±12.2) in patients who received statin therapy, and 10.2 days (±12.3) in the control group; however, it was not significant between the groups [beta coefficient: 0.03 (95% CI−0.38, 0.45), P = 0.87]. On the other hand, among those who survived during ICU stay, we observed that critically ill patients who received statin therapy had a longer ICU LOS and hospital LOS [beta coefficient of 0.24 (95% CI 0.07, 0.42), P = 0.007], and [beta coefficient 0.39 (95% CI 0.21, 0.58), P < 0.0001, respectively; Table 2].



Complications during ICU stay

Patients who received statins had statistically significantly lower odds of hospital-acquired pneumonia (bacterial or fungal) [OR 0.48 (95% CI 0.32, 0.69), P = 0.001]. On the other hand, statin users had higher odds for secondary fungal infection [OR 2.48 (95% CI 1.44, 4.24), P = 0.001] compared with the control group. Other complications during ICU stay were reported in Table 5. Subgroup analysis for those who were on chronic statins showed the same findings in term of lower odds of hospital-acquired pneumonia [OR 0.37 (95% CI 0.24, 0.56), P = 0.001] and higher odds for secondary fungal infection [OR 1.93 (95% CI 1.12, 3.33), P = 0.02; Table 4].


TABLE 5 The ICU complications of critically ill patients with COVID-19 during stay.
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Follow-up biomarkers during ICU stay

The follow-up biomarkers such as D-dimer (p-value < 0.001), procalcitonin (p-value < 0.001), and total WBC count (p-value 0.04) were significantly lower during ICU stay in patients who received statins compared with the control group. In contrast, CPK and ferritin levels were similar among the groups, as described in Table 5.




Discussion

To the best of our knowledge, this multicenter cohort study is one of few studies that evaluated statins' clinical and safety outcomes in critically ill patients with COVID-19 using propensity score matching. Our study investigated the impact of prior statin use on the clinical outcomes of critically ill patients with COVID-19. Additionally, we evaluated the statins' possible effects on the ICU-acquired complications, including safety outcomes. Most of the patients in the study cohort were given statins as part of their pre-admission medication regimen, with more than 80% of them receiving a moderate-intensity statin. The proportion of patients receiving statin was higher in our study than in previous reports (28, 29).

This study demonstrated that statin therapy in ICU patients with COVID-19 was associated with reduced risks of 30-day and all-cause in-hospital mortality. Despite the fact that statin users had a higher risk of developing severe COVID-19 due to a higher prevalence of co-morbid conditions, including diabetes mellitus and dyslipidemia, statins were found to have positive effects. This further supports the potential benefits of statins in COVID-19 management perhaps more specifically in subjects with pre-existing cardiovascular risk factors. When we divided the analysis by new commencement of statin treatment versus chronic statin use, the outcomes were in accordance with the primary analysis; nonetheless, they were not statistically significant. This benefit of statins might be attributed to its pleiotropic anti-inflammatory properties reducing the CRP levels and interleukin 6 (30). These inflammatory markers are known to increase during COVID-19 disease and increase the risk of mortality (30). In addition, statins have an antioxidant effect and improve endothelial dysfunction, which might help decrease the Cardiovascular events due to the hyper-coagulopathy status during the course of COVID-19 (30). Theoretically, statins may help reduce the cytokine storm which might be associated with the poor prognosis of patients infected with COVID-19 (18). Similar to our findings, a meta-analysis conducted by Kow et al. reported a significant reduction in severe COVID-19 disease with the use of statins (25). However, not all the included studies in this meta-analysis had critically ill patients in their study population (25). On the other hand, another meta-analysis by Scheen et al. and an observational study by Russo et al. showed that statins were not associated with mortality benefits in patients with COVID-19 (31, 32). This variation from our findings could be attributed to several reasons, such as differences in the population studied in the previous studies, and differences in the study methods used (27, 32). Contrary to our findings, a randomized controlled trial (INSPIRATION-S) presented in the American College of Cardiology (ACC 2021) comparing atorvastatin 20 mg daily versus placebo showed that initiating statin in critically ill patients with COVID-19 was not associated with mortality benefits (33). However, they included only the new initiation of statin therapy compared to our study in which most of our population were long-term statin users. This is comparable to the findings of our subgroup analysis, which revealed no differences in the study outcomes between the statin and control groups in participants who newly initiated on statin therapy. The prolonged anti-inflammatory effect of statins might significantly reduce the levels of inflammatory markers such as CRP; as a result, the suggested clinical benefit of statin therapy could emerge as early as 30 days after starting treatment, and it is consistent over time (19). Thus, prolonged statin use prior to admission might lessen the severity of cytokines storm and its complications. A study was conducted on patients with COVID-19 to assess the disease severity and mortality benefits between statin users (prolonged use) and non-statin users (28). Although, there were non-significant difference between the groups in terms of mortality benefits, the invistigators reported higher severity of COVID-19 in statin users which is contradicting our findings. It is important to note that our study was conducted on critically ill patients who are suffering from ARDS and severe inflammatory response in which continuing statin at peak of the inflammatory process might be of value in contrast with the mild or moderate disease who might not have ARDS or severe inflammatory response.

We found that the use of statins was not associated with any significant reduction in respiratory failures that required MV or longer VFDs. Contrary to our findings, a preliminary study in non-ICU COVID-19 patients demonstrated a significant reduction in the risk of MV in patients using statin (34). Another retrospective study that assessed the association between antecedent use of statin and COVID-19 outcomes in non-ICU patients found no significant association between statin use and the need for mechanical ventilation (p = 0.6) even though the investigators reported >30% ICU admission in their cohort (35). This may suggest the fact that the mortality benefit associated with statin therapy in our cohort was not primarily due to anti-inflammatory effects. Nonetheless, vasculoprotective and immunomodulatory effects could explain these benefits without reducing respiratory failure or MV needs.

Interestingly, patients who received statins had lower odds of pneumonia (bacterial or fungal). This finding is consistent with previous data, which could be related to a proposed antibacterial effect for statins (36–38). On the contrary, another study found that the prevalence of pneumonia in COVID-19 patients was similar between statin and non-statin users, with worse radiological features were confirmed after PS matching in the statin group (28). However, this study was not conducted on severe COVID-19 patients, and the worsening in radiographic features might be explained by increasing the severity of COVID-19 disease itself and not pneumonia as observed in their findings by increasing the National Early Warning Score (NEWS) (28). On the other hand, we observed that critically ill patients who received statins had significantly longer ICU and hospital LOS. The higher survival rate and the higher odds of secondary fungal infection in patients who received statin therapy could explain the prolonged ICU and hospital LOS in our cohort in the statins group. The higher rates of secondary fungal infections in the statin group are an interesting finding that has not been reported previously in COVID-19 patients. The prolonged ICU and hospital stays, rather than statin use, could be the major contributor of these infections. Early ICU admission, respiratory failure, and significant lymphopenia have all been documented to be risk factors for secondary infections in COVID-19 patients (39). In addition, various organisms have been related to secondary mucosal infections in COVID-19 patients, including C pneumoniae, human metapneumovirus, human parainfluenza virus, rhinovirus, enterovirus, and influenza B virus (40). However, due to retrospective observational design, examining subsequent mucosal infections and their causal factors were limited.

Besides the observed survival benefits in our study with statin use in critically ill patients with COVID-19, we did not observe any safety concerns related to statins' side effects or complications. Even though earlier reports from a cohort of 1,099 patients with COVID-19 from China showed that up to 39.4% had aspartate aminotransferase (AST) >40 U/L and 28.1% had Alanine aminotransferase (ALT) >40 U/L, most of these elevations occurred in critical COVID-19 cases (41). We did not find any significant difference in liver injury among the statins and non-statins critically ill groups with COVID-19. Statins showed a good safety profile in our cohort. Still, its use might be hindered by clinicians' reluctance to utilize it in critically ill patients with COVID-19 due to the fear of liver injury, myotoxicity, and rhabdomyolysis-related kidney injury. It is important to note that several reports portray the relationship between COVID-19 and rhabdomyolysis in critically ill patients (42–45). Thus, the cases of rhabdomyolysis in this cohort might have been related to COVID-19 rather than a result of statin use. Therefore, continuing statin therapy as primary or secondary prevention is advisable prior to ICU admission and during ICU stay unless contraindicated.

We believe that our multicenter cohort study is one of few studies that evaluated statins' clinical and safety outcomes in critically ill patients with COVID-19 using PS matching and multiple regression analysis to minimize the bias. Nevertheless, we also determined some limitations in our study. The retrospective nature of our study may have been affected by missing documentation that could be translated to unmeasured confounders. Also, the medication history before admission might be affected by limited reconciliation during COVID-19 pandemics. Thus, collecting data regarding the length of statin use prior to admission or data related to baseline lipid profile was limited. Furthermore, although we did not include a full list of the medications used in the ICU, we did report, and adjust for, the use of COVID-19 related medication including tocilizumab and corticosteroids. In addition, we included information on the use of nephrotoxic drugs, inotropes, vasopressors, and DVT prophylaxis during the ICU stay. Even though we observed mortality benefits, due to limited follow up period we were unable to assess statin intensity and the long-term benefit of statin use after COVID-19 survival. Furthermore, we were unable to evaluate each type of infection independently since we included both viral and bacterial infections in the same outcome category for pneumonia. Thus, a large randomized controlled trial is needed to investigate the efficacy and safety of statin use in critically ill patients with COVID-19.



Conclusion

The use of statins during ICU stay in critically ill patients with COVID-19 was associated with lower mortality with no safety concerns. Thus, the use of statins in patients with COVID-19 during ICU stay might be a reasonable approach unless contraindicated. The result of this multicenter retrospective study motivates further prospective clinical studies to confirm our findings.
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