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Purpose: The purpose of this study is to evaluate the interference of the continuous use of drug classes in the expression of biomarkers during the first week of hospitalization and in the prognosis of patients with COVID-19.

Methods: The patients diagnosed with COVID-19 and confirmed with SARS-CoV-2 by RT-qPCR assay underwent the collection of fasting whole blood samples for further analysis. Other data also extracted for this study included age, sex, clinical symptoms, related comorbidities, smoking status, and classes of continuous use. Routine serum biochemical parameters, including alanine aminotransferase, aspartate aminotransferase, lactate dehydrogenase, C-reactive protein, N-terminal fragment of B-type natriuretic peptide, and cardiac troponin, were measured.

Results: In this cross-sectional study, a total of 176 patients with COVID-19 hospitalizations were included. Among them, 155 patients were discharged (88.5%), and 21 patients died (12%). Among the drug classes evaluated, we verified that the continuous use of diuretic 4.800 (1.853–11.67) (p = 0.0007) and antihypercholesterolemic 3.188 (1.215–7.997) (p = 0.0171) drug classes presented a significant relative risk of death as an outcome when compared to the group of patients who were discharged. We evaluated biomarkers in patients who used continuous antihypercholesterolemic and diuretic drug classes in the first week of hospitalization. We observed significant positive correlations between the levels of CRP with cardiac troponin (r = 0.714), IL-6 (r = 0.600), and IL-10 (r = 0.900) in patients who used continuous anticholesterolemic and diuretic drug classes and were deceased. In these patients, we also evaluated the possible correlations between the biomarkers AST, NT-ProBNP, cardiac troponin, IL-6, IL-8, and IL-10. We observed a significantly negative correlations in AST levels with NT-ProBNP (r = −0.500), cardiac troponin (r = −1.00), IL-6 (r = −1.00), and IL-10 (r = −1.00) and a positive correlation with IL-8 (r = 0.500). We also observed significant negative correlation in the levels of NT-ProBNP with IL-10 (r = −0.800) and a positive correlation with cardiac troponin (r = 0.800). IL-6 levels exhibited positive correlations with cardiac troponin (r = 0.800) and IL-10 (r = 0.700).

Conclusion: In this study, we observed that hospitalized COVID-19 patients who continued using anticholesterolemic and diuretic medications showed a higher number of correlations between biomarkers, indicating a poorer clinical prognosis. These correlations suggest an imbalanced immune response to injuries caused by SARS-CoV-2.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1, 2). Most of its patients have mild to moderate symptoms (81%), including mild fever, fatigue, dry cough, headache, sore throat, myalgia, diarrhea, vomiting, chills, loss of smell, and loss of taste. However, approximately 14% of infected patients progress to pneumonia and may require ventilation in an intensive care unit (ICU), and 5% will eventually develop more critical manifestations such as acute respiratory distress syndrome (ARDS), septic shock, and multiple organ dysfunction or failure, which may progress to death (3–8). In addition to the symptoms developed during the progression of COVID-19, 40% of surviving patients, regardless of whether they were symptomatic or not, have sequelae after the acute phase, called “Post-acute Sequelae of COVID-19 (PASC)” or “long-COVID” with features that include dyspnea, fatigue, chest pain, cognitive decline, and multi-organ damage, especially chronic lung disease (9–13).

Despite the control of the pandemic, due to the availability of vaccines, studies aimed at identifying and understanding factors that alter the clinical status of patients with COVID-19 are still needed. Mutations in the spike (S) protein of SARS-CoV-2 contribute to re-infections, deserving attention from health professionals (14). Health professionals need reliable information related to hospitalized patients with COVID-19 to support the decisions and conduct of the health team regarding care. Biomarkers have been used as important tools in the diagnosis, prognosis, and outcome of COVID-19 (15, 16). Other findings used to guide the health team refer to some comorbidities and pre-existing conditions presented by patients, which are usually followed by a poor prognosis (17, 18). This information, combined with other strategies, such as the development of vaccines and new drugs, contributed to ensuring success in controlling the pandemic caused by SARS-CoV-2 (19–21).

Several groups have studied comorbidities and COVID-19 (17, 18); however, the evaluation of chronic drug use due to those comorbidities during COVID-19 still lacks information. Among the studies documenting this relationship, those known as ACE inhibitors (ACE-Inhs.) and angiotensin 1 receptor (AT1-R) blockers (ARBs) deserve to be highlighted. These drugs have been linked to increasing the expression of angiotensin-converting enzyme 2 (ACE2), the enzyme that SARS-CoV-2 binds to infect host cells. Diuretics are another class of continuous use drugs that have recently been evaluated for their role in the prognosis of COVID-19 (22). Researchers reported that among patients hospitalized with COVID-19, the use of diuretics did not have a significant impact on the mortality or severity of the illness (22). However, data on the role of diuretics in patients with COVID-19 are limited, and some inferences are derived from studies involving patients with acute respiratory distress syndrome (ARDS) (23).

Therefore, given the scarcity of studies that propose to evaluate whether the continued use of diuretics and other classes of drugs such as anticholesterolemics, adrenergic antagonists, non-steroidal anti-inflammatory drugs (NSAIDs), angiotensin receptor blockers (ARBs), ACE inhibitors, calcium channel blockers (CCBs), and psychotropics. We performed a retrospective study with the objective of determining whether classes of continuous use drugs impact the prognosis of hospitalized patients with COVID-19. In addition, we evaluated whether the continued use of these drugs interferes with the correlations of biological biomarkers in COVID-19. This study contributes clinical information about patients with COVID-19 that can guide professionals’ approaches.



Population, materials, and methods


Study design and data collection

This observational retrospective study was conducted from 21 July 2020 to 20 March 2021 and included 176 hospitalized patients diagnosed with COVID-19 at MaterDei Hospital or Risoleta Tolentino Neves Hospital, both in Belo Horizonte, Minas Gerais, Brazil. After admission with clinical symptoms of COVID-19, throat swab specimens were obtained for SARS-CoV-2 examination. The specimen suspensions were used for a real-time reverse transcription polymerase chain reaction (RT-qPCR) assay of SARS-CoV-2 RNA, which confirmed COVID-19 in all patients enrolled in this study. The diagnosis and classification of COVID-19 followed the guidelines and management of the Brazil National Health Council for COVID-19 (24). Patients who were hospitalized for other reasons and later diagnosed with COVID-19, pregnant women, and patients who were transferred to another hospital were excluded from the analysis.

It is important to note that during the time of this study, there was no available vaccine approved for use in Brazil. Therefore, the cohort used here is unvaccinated and did not participate in any clinical trials.

The patients diagnosed with COVID-19 and confirmed with SARS-CoV-2 by RT-qPCR assay underwent collection of fasting whole blood samples in tubes treated with EDTA anticoagulant for further analysis within 30 min. Routine peripheral blood cells, including white blood cells, hemoglobin, platelets, lymphocytes, neutrophils, and monocytes, were analyzed by the Beckman Coulter DxH 800 automated blood analyzer and related reagents (Beckman, CA, United States). Routine serum biochemical parameters, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase, C-reactive protein (CRP), N-terminal fragment of B-type natriuretic peptide (NT-ProBNP), and cardiac troponin, were measured by the Beckman Coulter AU automatic biochemical analyzer and related reagents (Beckman, CA, USA). All tests were performed under hospital sample routine management. This study included biochemical and hematological tests that were performed with samples only from the first week of hospitalization for the patients. Figure 1 shows the experimental design, illustrating screening and inclusion criteria.
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FIGURE 1
 Flow diagram of this study.


Moreover, 10 mL of blood was collected in heparin and centrifuged at 200 g for 10 min at room temperature for plasma separation. Plasma was then frozen in 1 mL aliquot at -80°C and kept until use.

Other data also extracted for this study included age, sex, related comorbidities, smoking status, and drug classes of continuous use. The pharmacological classes, as well as the drugs belonging to these classes evaluated in this study, are described in Table 1. This study was approved by the ethics board at Rene Rachou Institute – Fiocruz MG (CAAE 30399620.0.0000.5091; approval number 3.946.009), and informed consent were obtained from all patients upon hospital admission.



TABLE 1 Medications and drug classes in use by COVID-19 cohort.
[image: Table1]

According to the outcome, the patients were divided into two groups: the discharged group and the deceased group. The following data were collected: demographic data, clinical symptoms, chronic comorbidities, laboratory results at admission, clinical manifestations, continuous use of medications, and prognostic outcomes. At least two trained staff collected and reviewed data to avoid subjective biases.



Cytokines measurement

The Human Cytokine Antibody-immobilized Magnetic Bead Panel (Bio-Plex Pro Human Cytokine 27-plex Assay) was used to detect the concentration of interleukin 6 (IL-6), interleukin 8 (IL-8), and interleukin 10 (IL-10) cytokines in the plasma of SARS-CoV-2-infected patients. The tests were carried out according to the manufacturer’s instructions. The samples were analyzed in the Luminex 200 System (Merck).



Statistical analysis

All statistical analyzes were performed using GraphPad Prism 8 software (GraphPad Inc., United States). Categorical variables were presented as numbers and percentages. When comparing groups with only on equalitative variable, the Kruskal Wallis tests followed by Dunn’s post-test (non-parametric data), the results were presented in terms of median (Minimum-Maximum interquartile range). A chi-square statistical hypothesis test was also used to compare two categorical variables, and the results were presented as relative risk and confidence intervals of 95%. The relationships between variables were correlated using the Spearman rank coefficients. The results were presented as a correlation coefficient r. The tests were considered statistically significant when the value of p was ≤0.05.




Results


Demographic parameters and comorbidities

In this cross-sectional study, a total of 176 patients with COVID-19 hospitalizations were included. Among them, 155 patients were discharged (88.5%), and 21 patients died (12%). When we verified the sex distribution of affected patients, male patients were the most affected, making a total of 103 compared to 73 female patients (Table 2). However, in this study, sex was not an important factor in the condition of death as an outcome. We observed that advanced age was a significant risk factor for death. The average age of deceased patients was significantly higher (69.09 ± 15.36) years old in relation to patients discharged (58.47 ± 14.24) years old (p = 0.0018), when this primary outcome was considered (Table 2).



TABLE 2 Demographic parameters and associated comorbidities.
[image: Table2]

The comorbidities, signs and symptoms, and COVID-19 clinical manifestations were compared between deceased and discharged patients (Table 2; Supplementary File S1). Obesity, diabetes, hypertension, and chronic cardiovascular diseases were evaluated separately in our study. Among those conditions, only chronic cardiovascular disease [2.643 (1.160–5.657)] (p = 0.0200) presented a significant relative risk for patients with deceased outcomes (Table 2). In our study, upon hospital admission, the oxygen saturation in ambient air, typical signs and symptoms of COVID-19, as well as other clinical manifestation parameters, were evaluated. However, none presented a significant relative risk for the outcome of death. The characterization of signs, symptoms, and clinical manifestations is shown in Supplementary File S1.



The use of diuretics and anticholesterolemics by patients with COVID-19 related to a poor prognosis

Due to the high worldwide prevalence of morbidities such as obesity, diabetes, hypertension, and chronic cardiovascular disease, an increasing number of people are taking continuous drugs to treat those comorbidities. It is expected that with the right medication and guidance, the patients can achieve a near-normal life. However, we hypothesized that the continued use of drug classes could be related to the outcome of patients hospitalized with COVID-19. In order to obtain an answer, at the time of admission, we collected information on which classes of drugs were used continuously by the cohort and verified whether there was a relative risk for death (Table 1). For the analyzes involving the class of drugs of continuous use, we excluded from the analysis patients with chronic cardiovascular disease because they already present a significant relative risk for death, as verified in this study.

Among the drug classes evaluated, we verified that the continuous use of diuretic 4.800 (1.853–11.67) (p = 0.0007) and antihypercholesterolemic 3.188 (1.215–7.997) (p = 0.0171) drug classes presented a significant relative risk of death as an outcome when compared to the group of patients who were discharged (Table 3). Moreover, the continuous use of other drug classes, such as adrenergic antagonists, non-steroidal anti-inflammatory drugs (NSAIDs), angiotensin receptor blockers (ARBs), ACE inhibitors, calcium channel blockers (CCBs), and psychotropics, was also evaluated and showed no risk of death in this cohort (Table 3). Thereby, we demonstrate that patients in diuretic and anticholesterolemic classes may have a higher risk of death when hospitalized due to COVID-19.



TABLE 3 Drugs classes used continuously by patients hospitalized with COVID-19.
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Molecular biomarkers of blood levels in the first week of hospitalization appear to predict the COVID-19 outcome

The determination of biochemical and inflammatory biomarkers has been shown to be an important tool in the diagnosis, prognosis, and outcome of COVID-19. In our study, biochemical and inflammatory biomarkers were evaluated in the first week of patients hospitalization (Table 3). In our study, deceased patients had elevated levels of AST 59 (27–173) (p = 0.0231), NT-ProBNP 337.0 (67.40–1,010) (p = 0.0041), and cardiac troponin 15.07 (2.180–34.20) (p = 0.0037) in the first week of hospitalization, when compared with discharged patients who had AST 47.42 (16.50–98.09), NT-ProBNP 131.5 (0–488), and cardiac troponin 6.200 (1.500–21.36) levels. In addition, patients in the deceased group also had high levels of CRP 163.7 (33.10–360.1) (p = 0.0398), IL-6 7.66 (0.87–37.21) (p = 0.0135), IL-8 3.71 (2.65–8) (p = 0.044), and IL-10 8.53 (2.1–13.52) (p = 0.0097) when compared with discharged patients who exhibited CRP 86.90 (2.29–298.3), IL-6 4.95 (0.03–15.99), IL-8 2.50 (0.38–7.52), and IL-10 2.97 (0.33–13.38) (Table 4). In order to verify if there were differences in the blood cell counts and related markers of discharged or deceased patients, we evaluated red cells, hemoglobin, hematocrit, platelets, leucocyte count, segmented neutrophil, lymphocyte count, and neutrophil/lymphocyte ratio (NLR) in peripheral blood samples from patients with COVID-19 in the first week of hospitalization. No differences were observed between the blood counts of the discharge or death groups in this cohort (Supplementary File S2).



TABLE 4 Biomarkers observed in patients with COVID-19 in the first week of hospitalization.
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Correlations of COVID-19 biomarkers in patients with continuous use of anticholesterolemic and diuretic drug classes

In order to verify the profile of correlations between biochemical and inflammatory biomarkers and whether the continuous use of these drugs could alter the relationship of these biomarkers, we evaluated biomarkers in patients who used continuous antihypercholesterolemic and diuretic drug classes at the first week of hospitalization.

We observed significant positive correlations between the levels of CRP with cardiac troponin (r = 0.714), IL-6 (r = 0.600), and IL-10 (r = 0.900) in patients who used continuous anticholesterolemic and diuretic drug classes and were deceased (Figure 2A and Supplementary File S3A). On the other hand, when verifying the correlation of CRP with AST (r = −0.700) and IL-8 (r = −0.600), we observed significant negative correlations between these biomarkers (Figure 2A and Supplementary File S3A). In these patients, we also evaluated the possible correlations between the biomarkers AST, NT-ProBNP, cardiac troponin, IL-6, IL-8, and IL-10.

[image: Figure 2]

FIGURE 2
 Profile of correlations of COVID-19 biomarkers in patients with continuous use of anticholesterolemics and diuretics. (A) Patients who used drugs belonging to the anticholesterolemic and diuretic classes and who died. (B) Patients who did not use drugs belonging to the anticholesterolemic and diuretic classes and who died. (C) Patients who used drugs belonging to the anticholesterolemic and diuretic classes and who were discharged. (D) Patients who were not using drugs belonging to the anticholesterolemic and diuretic classes and who were discharged. Black lines show strong correlation (0.6 to 1.0 or −0.6 to −1.0) and gray lines show moderate correlation (0.5 to 0.59 or −0.5 to −0.59).


We observed significant negative correlations in AST levels with NT-ProBNP (r = −0.500), cardiac troponin (r = −1.00), IL-6 (r = −1.00), and IL-10 (r = −1.00) and a positive correlation with IL-8 (r = 0.500) (Figure 2A and Supplementary File S3A). We also a observed significant negative correlation in the levels of NT-ProBNP with IL-10 (r = −0.800) and a positive correlation with cardiac troponin (r = 0.8000). IL-6 levels exhibited positive correlations with cardiac troponin (r = 0.800) and IL-10 (r = 0.7) (Figure 2A and Supplementary File S3A).

When verifying the possible correlations of biomarkers in deceased patients who are not using continuous anticholesterolemic and diuretic drug classes, we observed a significant positive correlation of AST with CRP (r = 0.900), positive correlation of CRP with cardiac troponin (r = 0.900), and a negative correlation of AST with cardiac troponin (r = −0.600) (Figure 2B and Supplementary File S3B).

The analysis of possible correlations between the biomarkers in discharged patients who used continuous antihypercholesterolemic and diuretic drugs showed a different profile of correlations. We observed that the number of correlations between biomarkers in these patients was reduced compared to patients who used continuous anticholesterolemic and diuretic drug classes and who had death as the outcome. It was only observed that AST levels showed a positive correlation with NT-ProBNP (r = 0.590) (Figure 2C and Supplementary File S3C). Regarding discharged patients who did not use these drugs, it was observed that Il-6 levels showed positive correlations with IL-8 (r = 0.510) and IL-10 (r = 0.600) (Figure 2D and Supplementary File S3D).

Collectively, these results demonstrate that patients using anticholesterolemic and diuretic drug classes and who had death as the outcome showed the highest number of correlations among the biomarkers. In addition, the results also demonstrate that among the biomarkers evaluated, CRP and AST had the highest number of significant correlations, demonstrating the need to direct attention to this biomarker during the first week of hospitalization for COVID-19.




Discussion

The success of controlling the pandemic caused by SARS-CoV-2 was largely due to the development of vaccines and new drugs and the identification of biological biomarkers of progression to severe and fatal forms of the disease (15, 19–21, 25). In addition, it is important that reliable information related to clinical manifestations and biological parameters related to COVID-19 is available from the health team to support decisions and guide conduct regarding the care provided to hospitalized patients. In this study, we identified that the continuous use of classes of antihypercholesterolemic drugs and diuretics by patients with COVID-19 is associated with interference in the expression of biomarkers in the first week of hospitalization and with a significant risk of death as an outcome in these patients. Moreover, we verified whether the demographic data, existing comorbidities, and clinical and laboratory parameters identified during the first week of hospitalization of patients had any relationship with the final outcome.

COVID-19 is a heterogeneous infectious disease, and the understanding of host factors contributes to determining disease progression and outcome. The main risk factors for severe manifestations of COVID-19 include advancing age, male gender, obesity, smoking, and chronic comorbidity conditions such as hypertension, type 2 diabetes mellitus, and others (3–5, 18, 26–28). We accessed data obtained during the first week of COVID-19 patients’ hospitalization during the period from 21 July 2020 to 20 March 2021. We also verified the relationship of these data with the patients’ outcomes, divided into discharged or deceased. In corroboration with other studies, which demonstrate that older age is a risk factor for severe COVID-19 (4, 5, 18, 28), we also observed that deceased patients were indeed older. Interestingly, in relation to the male gender as a risk factor reported in the literature (29–32), the same was not observed by us since female patients in this group had a higher mean age than male patients. Therefore, the male sex of the cohort included in our study was not a risk factor for the outcome of death. We emphasize that female patients in the deceased cohort were, on average, 10 years older than male patients. This observation suggests that the difference between our results and those of other studies could be due to the advanced age of female patients, which allows us to infer that advanced age is a more important risk factor than sex.

The classic symptoms of COVID-19 have already been characterized and include fever, dry cough, fatigue, shortness of breath, chills, muscle pain, headache, gastric disturbances, and weight loss (6, 33). Although we had observed symptoms like those already described in the literature, in the present study, no symptoms presented during the first week of hospitalization were considered a significant risk for the deceased outcome.

Other studies previously described the importance of hemogram tests in providing critical COVID-19 prognostic markers and benefiting healthcare staff in assisting the triage and care of infected patients (34–39). In this study, in our cohort, there were no significant changes and no relationship between those counts and the outcome of COVID-19 patients. This observation reinforces that COVID-19 has many levels of affecting people, and studies with different populations and disease backgrounds should be performed in different countries.

Considering clinical and epidemiological data on COVID-19, it is suggested that comorbidities and pre-existing conditions, such as cardiovascular disease, chronic kidney disease, smoking habits, chronic lung diseases (particularly COPD), diabetes mellitus, hypertension, rheumatoid arthritis, immunosuppression, and obesity, predispose patients to an unfavorable prognosis and consequently an increased risk of death (1, 5, 27, 40–42). The current study found a similar result to those previously reported, confirming that. In our evaluated cohort, chronic cardiovascular disease was associated with a deceased outcome in COVID-19 patients. Indeed, previous studies have documented that COVID-19 patients have the potential to develop severe heart failure, either due to deteriorating pre-existing cardiac dysfunction or due to newly developed cardiomyopathy and myocarditis, which are indicative of a poor prognosis (4, 18).

In addition, we verified whether the continuous use of drugs to treat previous comorbidities could be related to the poor prognosis of COVID-19. In this study, we identified that the continuous use of diuretics and anticholesterolemics was related to the deceased outcome in the evaluated cohort. Currently, information on the impact of continued use of these classes of drugs on COVID-19 is scarce.

Studies demonstrating hyponatremia (the most common electrolytic disorder observed in clinical practice) was associated with an increased risk of death in COVID-19 patients (43, 44). We hypothesized that the relationship between the continued use of diuretics and the observed deceased outcome observed in our study could be due to a possible clinical manifestation of hyponatremia as a side effect or aggravation of the continued use of this class of drugs (45, 46). Indeed, hyponatremia is the most common electrolyte disturbance observed in clinical practice and is associated with the outcome of death (43). Merino et al. (47) reported hemodynamic disorders or the immune response present in COVID-19, which can damage kidney cells, causing electrolyte disturbances. In fact, kidney cells express angiotensin-converting enzyme 2 and receptors used by SARS-CoV-2 as gateways; subsequently, viral replication occurs in infected cells, followed by cell injury (47, 48). Another pathophysiological mechanism that may explain renal impairment in COVID-19 is induced by inflammatory cytokines. The literature reports that the cytokine cascade can cause a series of renal alterations, such as acute kidney injury, tubular necrosis, renal proximal tubule dysfunction, and glomerulopathy, which are most often accompanied by electrolyte abnormalities (48–50).

Unlike what was observed in our study, Guragai et al. (22) reported that, despite having higher levels of biomarkers, patients hospitalized with COVID-19 who used diuretics did not have a significant impact on mortality or disease severity. However, it is worth noting that only two classes of diuretics, furosemide and hydrochlorothiazide, were evaluated, while in our study, patients used the following drugs: chlorine, chlortalidone, spironolactone, furosemide, hydrochlorothiazide, and indapen. In addition, the distinction of patients into severe and non-severe COVID-19 was carried out, which was not carried out in our study, which could justify the divergence of the two studies. Given the above and supported by our results, we suggest that the continuous use of diuretics may favor the appearance or worsen the clinical picture of hyponatremia in patients with COVID-19. Therefore, we strongly recommend COVID-19 hospitalized patients have their blood ion balance monitored.

Regarding the anticholesterolemic drugs, we believe that by reducing cholesterol levels, they contribute to the severity of COVID-19. Several studies report that reduced levels of total cholesterol, low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) are associated with severity and mortality in COVID-19 patients (51–56). A possible explanation for this relationship would be the ability of HDL-C to bind and neutralize viruses and toxic bacterial substances, such as lipopolysaccharides (LPS) (57–59) and lipoteichoic acid (60). Moreover, HDL-C can block the penetration of certain viruses into cells, reducing tissue invasion (61). Further studies are needed to elucidate this relationship. On the other hand, patients presenting a clinical picture of hyperlipidemia also deserve attention, as they are at high risk of developing severe COVID-19 and death (62–65). Researchers suggest that these patients are prone to developing complications due to the combination of underlying chronic systemic endothelial dysfunction caused by lifelong hypercholesterolemia associated with acute direct endothelial attacks by both the virus and the excessive host immune-inflammatory response (23, 24, 65–67). The complexity around cholesterol levels in patients with COVID-19 needs more reinforcement and attention for hospitalized patients, as instructed in conduct guides developed by other authors (63, 64). In this study, we suggest the need for further studies addressing the relationship between diuretics and anticholesterolemics in patients with COVID-19 in order to understand the mechanism by which these drugs impact the pathophysiology of this disease, leading to a poor prognosis.

The determination of biomarkers has been an important tool for diagnosis, prognosis, and injury in the outcome of damaged pathogenic mechanisms as well as organs (7, 68–70). We evaluated biochemical and inflammatory biomarkers in the cohort involved in this study and related them to the outcome of COVID-19. The high levels of some biomarkers are related to a poor prognosis for COVID-19. Corroborating with other studies (8, 15, 71, 72), we found that deceased patients exhibited elevated levels of NT-ProBNP, AST, cardiac troponin, CRP, IL-6, IL-8, and IL-10 in the first week of hospitalization. The medical team’s choices for the care of COVID-19 patients are mainly guided by laboratory tests, vital signs, and a basic radiological assessment. Our data reinforce the potential of using biomarkers early in COVID-19 patients as potential tools for prognostic indicators.

Previously in this study, we demonstrated that patients in continuous use of drugs belonging to the anticholesterolemic and diuretic classes had the worst outcomes. Furthermore, our group has questioned whether the use of drugs to treat pre-existing conditions by COVID-19 patients could alter the expression of biomarkers. In this view, we aimed to verify whether the continuous use of these drug classes by non-cardiac patients impacted the correlations between biochemical and inflammation biomarkers and what the relationship was with the outcomes. We observed that patients who used these drugs continuously and died presented the highest number of significant correlations when compared to discharged patients. In addition, they also highlighted the highest number of negative correlations, suggesting an important imbalance in the control of the clinical manifestations of COVID-19. As those differences were noted, it is important to mention that only deceased COVID-19 patients in use with both drug classes showed a positive correlation between the important inflammatory cytokine IL-16, CRP, and cardiac troponin. Although CRP showed a negative correlation with the regulatory cytokine IL-10, this could be a circumstantial attempt at regulating systemic inflammation. Moreover, AST showed a negative correlation with IL-10, showing that liver inflammation could be exacerbated. Again, this shows the complexity of COVID-19 manifestations. Therefore, considering the AST correlation results, it could be beneficial to evaluate COVID-19 patients for liver steatosis.

Notably, continuous investment in research is necessary with the aim of deepening knowledge about biomarkers, especially in relation to their role in pathophysiology (73) and correlations with other biological parameters and preconditions presented by COVID-19 patients. There is consensus among the scientific community and health professionals that a fundamental step in the diagnosis and prognosis of COVID-19 is the examination of routine laboratory biomarkers (74, 75), and it is necessary to investigate possible elements that contribute to altering the expression of these biomarkers. In this study, we contributed to identifying the gap to be investigated in future in relation to the imbalance that drugs can cause in biomarkers.

This study has some limitations. First, we have a limitation when comparing the impact of using anticholesterolemics and diuretics on deceased patients. Patients who did not use medication and died were a small number in the cohort. Some patients did not have all the parameters evaluated. The reasons were due to the failure of the health team or problems with hospital logistics. The results described here, especially in relation to drugs for continuous use, cannot be generalized to all patients with COVID-19 since this retrospective study only evaluated hospitalized patients. This study only evaluated the previous use of diuretics and anticholesterolemics on admission, and during the first week of hospitalization, it did not evaluate the impact of using these drugs for the first time in hospitalized patients or the addition of new diuretics. In addition, the clinical parameters reported here refer only to the first week of hospitalization and are associated with the outcome. We did not evaluate the parameters after the first week of hospitalization.

Pre-existing conditions and comorbidities are common observations in the anamnesis performed at the time of admission of hospitalized COVID-19 patients. We know that pre-existing conditions and comorbidities are often accompanied by continuous drug and medication use. We have verified for the first time that hospitalized COVID-19 patients on continuous use of anticholesterolemic and diuretic classes had affected biomarker expression and had experienced a worse prognosis. Patients using anticholesterolemic and diuretic medications display correlations that indicate an imbalance in the immune response, potentially exacerbating the consequential injuries caused by the SARS-CoV-2 infection. Moreover, we found that the CRP and AST biomarkers showed the highest numbers of significant correlations, demonstrating the need to direct attention on these biomarkers during the first week of COVID-19 hospitalization. Finally, we reinforce that the drug classes’ medications and its continuous use need more attention and studies because they could impact the care and prognosis in hospitalized COVID-19 patients.
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