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Background. Regulation of the immune system is critical for fighting against viral infections. Both suppression and hyperactivity of
the immune system result in failure of treatment. The present study was designed to show the effects of immune system-related
medications on mortality and length of stay (LOS) in a cohort of Iranian patients with coronavirus disease 2019 (COVID-19).
Methods. A data mining study was performed on 6417 cases of COVID-19 covered by 17 educational hospitals of Iran
University of Medical Sciences, Tehran. Association of a researcher-designed drug list with death and LOS was studied. For
death outcome, logistic regression was used reporting odds ratio (OR) with 95% confidence interval (CI). For LOS, right
censored Poisson regression was used reporting incidence rate ratio (IRR) with 95% CI. Results. Among the corticosteroids,
prednisolone was a risk factor on death (OR = 1:41, 95%CI = 1:03 − 1:94). This association was increased after adjustment of age
interactions (OR = 3:45, 95%CI = 1:01 − 11:81) and was removed after adjustment of ICU admission interactions (OR = 2:64, 95
%CI = 0:70 − 9:92). Hydroxychloroquine showed a protecting effect on death (OR = 0:735, 95%CI = 0:627 − 0:862); however,
this association was removed after adjustment of age interactions (OR = 0:76, 95%CI = 0:41 − 1:40). Among the antivirals,
oseltamivir showed a protecting effect on death (OR = 0:628, 95%CI = 0:451 − 0:873); however, this association was removed
after adjustment of age interactions (OR = 0:45, 95%CI = 0:11 − 1:82). For reduction of LOS, the only significant association was
for hydroxychloroquine (IRR = 0:85, 95%CI = 0:79 − 0:92). Conclusion. The results of such data mining studies can be used in
clinics until completing the evidence. Hydroxychloroquine may reduce mortality in some specific groups; however, its
association may be confounded by some latent variables and unknown interactions. Administration of corticosteroids should be
based on the conditions of each case.

1. Introduction

Coronavirus disease 2019 (COVID-19) which is caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was first found in Wuhan, China, In December
2019. According to a report, about 87.9% of hospitalized
patients had fever and severe pneumonia occurred in 15.7%
of patients [1].

Clinically, there are two phases of the immunologic
responses induced by SARS-CoV-2 infection: antiviral
response and inflammation response. Potent immune
response could eliminate the virus and prevent disease pro-
gression to severe stages in incubation period and at nonse-
vere stages. Therefore, at nonsevere stage, it is important to
enhance immune responses. It seems that in immunocom-
promised patient, virus spread rapidly and leads to massive
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destruction in the affected organs [2]. Thus, the main cause of
the delayed critical cascade of uncontrolled immune events
may be the suppressed antiviral innate immune response
induced by the virus and activation of the proinflammatory
cytokines which lead to fulminant systemic inflammation
[3]. The damaged cells induce innate inflammation by proin-
flammatory macrophages and granulocytes in the lungs.
Lung inflammation is the main cause of respiratory disorders
which is life-threatening at the severe stage [4].

When COVID-19 progresses from severe to critical,
patients may develop a severe cytokine storm and secondary
acute respiratory distress syndrome, followed by shock, tissue
perfusion disorders, and even multiorgan failure [1].
Although cytokine storm limits further spread of virus in
the body, it induces secondary tissue damage through the
secretion of large amounts of active mediators and inflamma-
tory factors. It is one of main causes of death in COVID-19
patients; hence, it has been considered as a critical therapeu-
tic target. Although the exact mechanism of cytokine storm is
not understood yet, overactivation of the innate immune
system and imbalanced angiotensin converting enzyme 2
(ACE2) expression seem to play a key role. Several clinical
trials were conducted with the purpose of controlling cyto-
kine storm. However, some questions need to be answered
before widespread use of these treatments, i.e., what are the
adverse effects of these therapeutic methods? When is the
best time to start them? Are they the best possible treatment?

Regretfully, severe COVID-19 still has unclear patho-
physiology and treatment. There are some uncertain immu-
nomodulatory or immunosuppressive treatments for severe
types of COVID 19 such as hydroxychloroquine, interleukin
(IL)-6, and IL-1 antagonists [4]. There is currently no specific
treatment drug to target SARS-CoV-2. So, deciding on
potential treatment regimens for the prevention and treat-
ment of severely ill COVID-19 patients remains a major
challenge [5]. Briefly, the most important challenge is when
to suppress and when to enhance the immune system
through the current common drugs.

According to the above questions and limitations, we
studied a cohort of Iranian patients to evaluate the effect of
immune suppressants, modulators, and stimulants as well
as some antivirals and antibiotics on mortality and length
of stay (LOS) in patients with COVID-19.

2. Material and Methods

2.1. Study Design. A data mining project was conducted in
the datacenter of Iran University of Medical Sciences,
Tehran, Iran. The data was obtained from the 17 educational
hospitals covered by the university between 20 March 2020
and 11 August 2020.

The inclusion criteria were being confirmed case of
COVID-19 by the government with ICD-10 code U07.1
and being hospitalized. The exclusion criteria for inferential
analysis were discharge from hospital by personal consent,
escape from hospital, or transfer to another center.

2.2. Variables and Definitions. Background variables: The
governmental ID of the patients was used to merge the other

variables as a uniform dataset. Age, gender, intensive care
unit (ICU) admission, date of admission, and condition on
discharge were other background variables. The categories
of condition on discharge were complete remission, relative
remission, death, escape from hospital, discharge by personal
consent, and transfer to another center. Only the patients in
the first three categories of condition on discharge were
regarded for inferential statistical analysis.

The drugs of study: A researcher-designed drug list was
prepared. The names of the variables were as the following.
Sofosbuvir (indicating sofosbuvir/daclatasvir), lopinavir
(indicating lopinavir/ritonavir), ribavirin, favipiravir, oselta-
mivir, interferon, metronidazole, linezolid, dexamethasone,
hydrocortisone, budesonide (as nebulizer), prednisolone,
methylprednisolone, infliximab, mycophenolate, IVIG
(intravenous immunoglobulin), vitamin C, azathioprine,
ciclosporin, tacrolimus, aspirin, warfarin, clopidogrel, acet-
aminophen, diphenhydramine, antivirals (indicating any
kind of antiviral), CSF (colony stimulating factor), cephalo-
sporins, macrolides, fluoroquinolones, lincosamides, glyco-
peptides, carbapenems, cotrimoxazole, glucocorticoids (any
kind of glucocorticoid), heparin_group (indicating unfractio-
nated heparin and enoxaparin), and hydroxychloroquine.

Outcome variables: The outcome variables were death
and LOS. Death was a category of the variable condition on
discharge, and LOS was the difference between admission
date and discharge date.

Generated variables: Some new variables were designed
and generated by the researchers. Death was generated as a
binary variable from condition on discharge. Age group was
generated from age. Underlying drugs was a binary variable
indicating receiving of at least one of the drugs showing
underlying infectious or cardiovascular disease of a patient
or having diabetes (linezolid, warfarin, clopidogrel, fluoro-
quinolones, lincosamides, glycopeptides, carbapenems,
cotrimoxazole, insulin, or oral antidiabetic agents).

2.3. Data Source. The source of the primary data was Iranian
integrated care electronic health record (locally called
SEPAS). SEPAS is a repository for storing health-related
information for each individual. This repository has been
created at the national level, in Iran.

2.4. Association Rule Mining. This process was performed
to study all the possible two by two associations between
the variables. Correlation plot and dendrogram were used
to show accompaniment of the variables (Figures 1 and 2).
Support and confidence methods were also used. Support
(variable⟶ death) was defined as the probability of simul-
taneous positivity of the variable and death in all the samples.
Confidence (variable⟶ death) was defined as the probabil-
ity of simultaneous positivity of the variable and death in all
the patients with positivity of that variable.

2.5. Data Clustering.All the individual data was clustered as a
heat map to classify the patients based on their variables
(Figure 3).

2.6. Data Analysis. To study univariate associations of the
binary variables with death, the chi square test was used,
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and also relative risk (RR) and attributable risk (AR) were
reported based on two by two cohort tables. To study univar-
iate associations of the binary variables with LOS, the inde-
pendent t-test was used. Bonferroni correction was applied
on the P values. Regression modeling was used to adjust the
effects the covariates. For death outcome, logistic regression
was used reporting odds ratio (OR) with 95% confidence
interval (CI). To study the performance of the model postes-
timation receiver operating characteristics (ROC) curve was
used with reporting area under ROC curve (AUC). For
LOS, right censored Poisson regression was used reporting
incidence rate ratio (IRR) with 95% CI.

Although we were supposed to use stepwise method to
remove the nuisance making covariates, we used the enter
method instead, because of some reasons: (1) our dataset
was too complex to decide about a specific model of the con-

sidered covariates, (2) some covariates were merely represen-
tative of some latent (unknown) variables, and we needed
their adjusting effect rather than their own effects, and (3)
since it was a preliminary report of this data mining study,
we wanted to observe justice between all the covariates. Smith
(2018) believed that the stepwise method might not be useful
for big data [6]. Nevertheless, we designed a clinical modeling
for hydroxychloroquine and another one for dexamethasone
in which all the covariates were statistically significant. Data-
set creation and data analysis were conducted in Stata 14
(StataCorp LLC, Texas, US) and R 3.6.3 (R foundation,
Austria).

2.7. Ethical Considerations. The Ethics Committee of Iran
University of Medical Sciences approved the protocol of
study with registration number IR.IUMS.REC.1399.194.
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Sofosbuvir
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Metronidazole
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Mycophenolate

Iv_ig
Vitamin_c

Azathioprine
Ciclosporin

Tacrolimus
Aspirin

Warfarin
Clopidogrel
Acetaminophen

Diphenhydramine
Antivirals

CSF
Cephalosporin

Macrolides
Fluoroquinolones

Lincosamides
Glycopeptide

Carbapenems
Cotrimoxazol

Glucocorticoids
Heparin_group

Hydroxychloroquine
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Figure 1: Correlation plot for association rule mining.
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3. Results

3.1. Primary Findings. A total of 6417 hospitalized confirmed
cases were selected from 20 March 2020 to 11 August 2020
(Figure 4(a)). Among them, 61.2% were completely recov-
ered, 13.8% were partially recovered, 19.3% were died, 4.5%
were discharged by personal consent, 0.9% were transferred
to another center, and 0.2% escaped from the hospital. The
mean age was 56:89 ± 20:95 years, and 56% of the patients
were male. About 27.3% of the patients were admitted to
ICU. The mean of LOS was 6:23 ± 6:46 days (with interquar-
tile range 2 - 8 days) (Figure 4(b)). Finally, 6054 cases
remained for analysis after removing the cases discharged
by personal consent, transferred to another center, and who
escaped from the hospital. According to the association rule
mining, age, ICU admission, glycopeptides, and carbapen-
ems were associated with death, and ICU admission, glyco-
peptides, and carbapenems were associated with increased
LOS (correlation coefficient > 0:2, P < 0:001) (Table 1). The
most dominant and significant correlation was for the corre-
lation of glycopeptides and carbapenems (Figures 1 and 2).
All the cases were clustered according to their individual

data. The most prevalent drugs were heparin_group, hydro-
xychloroquine and cephalosporins, respectively (Figure 3).

3.2. Associations with Death. Univariate wise, associations of
the variables with death were studied in cohort tables. Accord-
ingly, age ≥ 50 (RR = 3:10), ICU admission (RR = 2:99), car-
bapenems (RR = 2:90), glycopeptides (RR = 2:77),
glucocorticoids (RR = 1:91), lincozamides (RR = 1:74), pred-
nisolone (RR = 1:63), aspirin (RR = 1:54), dexamethasone
(RR = 1:48), diphenhydramine (RR = 1:48), sofosbuvir/dacla-
tasvir (RR = 1:47), metronidazole (RR = 1:47), clopidogrel
(RR = 1:46), heparin_group (RR = 1:46), interferon
(RR = 1:43), hydrocortisone (RR = 1:42), acetaminophen
(RR = 1:40), lopinavir/ritonavir (RR = 1:41), fluoroquinolones
(RR = 1:34), and antivirals (RR = 1:19) showed risk associa-
tion, respectively, whereas cephalosporins (RR = 0:83) and
macrolides (RR = 0:83) showed protecting association. No sig-
nificant association was found for hydroxychloroquine
(RR = 0:96) (Table 2).

Logistic regression was used to model the associations of
the variables with death. Accordingly, age, male gender, ICU
admission, prednisolone, lincosamides, glycopeptides, and
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carbapenems were risk predictors, whereas oseltamivir, ceph-
alosporins, macrolides, and hydroxychloroquine were pro-
tecting predictors. At the next step, age interactions were
added to the model. Accordingly, lopinavir became a risk
predictor, and the protecting association of oseltamivir,
macrolides, and hydroxychloroquine did not remain. At the
final step, the interactions of ICU admission with the signif-
icant variables of the previous step were added to the model.
Accordingly, the risk association of prednisolone was
removed. None of the risk associations were more dominant
than the association of ICU admission (considering ICU
admission as a calibrator for lack of being a clinical risk factor
in spite of being a risk predictor with OR = 6:26). The only
protecting predictor of death was cephalosporins
(OR = 0:45, 95%CI = 0:24 − 0:85, P = 0:015) (Table 3). The
performance of the final step of this model for prediction of
death is shown (AUC = 81:8%), and this model was more
of specific rather than being sensitive (Figure 5).

Marginal analysis was performed on the final step of the
logistic regression model to show the interactions of the var-
iables with ICU admission at each age. After age 60, mortality
in males was higher in both ICU admitted and unadmitted
patients (Figure 6). Among the antivirals, lopinavir and osel-
tamivir were studied. Lopinavir was helpful in the ICU
admitted patients after the age of 60. In patients without
ICU admission, it might be harmful. Oseltamivir showed
protecting effect in both ICU admitted and unadmitted
patients (Figure 7). Among the antibiotics, cephalosporins
were protective up to age 60 especially in ICU admitted
patients. Protecting effect of macrolides was not dominant
(Figure 8). Among the drugs of the immune system, hydro-
xychloroquine reduced mortality at most ages in both ICU
admitted and unadmitted patients. Prednisolone was associ-
ated with increased mortality in ICU admitted patients.
Hydrocortisone and dexamethasone showed no protecting
or harmful effect. Methylprednisolone was helpful before
the age of 60 in ICU admitted patients. Budesonide nebulizer

seemed to be protecting but nonsignificant at many ages.
IVIG was helpful by the age of 60 in ICU admitted patients.
No significant association was found for vitamin C, but it
might be helpful at ages more than 80 (Figure 9).

3.3. Modeling for Hydroxychloroquine. According to the con-
troversial findings of hydroxychloroquine, a model was
designed including age, ICU admission, hydroxychloro-
quine, underlying drugs (drugs for underlying cardiovascular
or severe infectious diseases or drugs of diabetes), and their
significant interactions. Accordingly, hydroxychloroquine
showed a protecting effect before (OR = 0:79, 95%CI = 0:69
− 0:92, P < 0:001) and after (OR = 0:79, 95%CI = 0:69 −
0:92, P < 0:001) adjusting the interactions; however, interac-
tion of receiving underlying drugs with hydroxychloroquine
was significantly harmful (OR = 1:46, 95%CI = 1:06 − 2:03,
P = 0:022) (Table 4).

3.4. Modeling for Dexamethasone. According to the contro-
versial findings of dexamethasone, a model was designed
including age, ICU admission, underlying drugs, underlying
drugs (drugs for underlying cardiovascular or severe infec-
tious diseases or drugs of diabetes), and their significant
interactions. Accordingly, dexamethasone showed a harmful
effect (OR = 1:18, 95%CI = 1:02 − 1:37, P = 0:025) (Table 5).

3.5. Associations with LOS. For this part, all the analyses
were done on the improved cases. Univariate wise, associa-
tions of the variables with LOS were studied by the inde-
pendent t-test. Most variables were associated with
increased LOS. No variable was observed to decrease LOS
significantly. Multivariable wise, right censored Poisson
regression was used according to the distribution of LOS
(Figure 4(b)). Among the variables, age and hydroxychloro-
quine were associated with decreased LOS (P < 0:001).
Among the risk associations, ciclosporin and infliximab
were more dominant than the association of ICU admission
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(as a calibrator for lack of being a risk factor instead of
being a risk predictor with IRR = 1:24) (Table 6). Marginal
analysis for interaction of the hydroxychloroquine and ICU
admission at each age is shown. Accordingly, up to the age

of 40 hydroxychloroquine was associated with decreased
LOS and after the age of 40, it was associated with increased
LOS in both ICU admitted and unadmitted patients
(Figure 10).

Table 2: Association of the variables with risk of death (in hospitalized improved or dead cases, the other cases were removed).

Variables
Relative risk Attributable risk Chi square

Point estimation 95% CI Point estimation 95% CI P value

Age ≥ 50 3.10 2.65, 3.61∗ 0.18 0.16, 0.20∗ <0.001∗∗

ICU 2.99 2.71, 3.29∗ 0.26 0.24, 0.29∗ <0.001∗∗

Sofosbuvir/daclatasvir 1.47 1.31, 1.65∗ 0.09 0.06, 0.12∗ <0.001∗∗

Lopinavir/ritonavir 1.41 1.28, 1.56∗ 0.08 0.05, 0.10∗ <0.001∗∗

Ribavirin 1.27 1.08, 1.48∗ 0.05 0.01, 0.09∗ 0.004

Favipiravir 1.44 1.12, 1.87∗ 0.09 0.02, 0.16∗ 0.008

Oseltamivir 1.06 0.85, 1.31 0.01 -0.03, 0.06 0.612

Interferon 1.43 1.28, 1.60∗ 0.08 0.05, 0.11∗ <0.001∗∗

Metronidazole 1.47 1.23, 1.75∗ 0.09 0.04, 0.14∗ <0.001∗∗

Linezolid 1.47 1.15, 1.89∗ 0.10 0.02, 0.17∗ 0.004

Dexamethasone 1.48 1.34, 1.64∗ 0.09 0.06, 0.11∗ <0.001∗∗

Hydrocortisone 1.42 1.25, 1.61∗ 0.08 0.05, 0.11∗ <0.001∗∗

Budesonide 1.26 1.08, 1.47∗ 0.05 0.014, 0.09∗ 0.004

Prednisolone 1.63 1.36, 1.95∗ 0.13 0.07, 0.18∗ <0.001∗∗

Methylprednisolone 1.18 0.97, 1.44 0.04 -0.01, 0.08 0.106

Infliximab 1.54 1.12, 2.13∗ 0.11 0.01, 0.21∗ 0.014

Mycophenolate 0.98 0.28, 3.38 -0.00 -0.25, 0.24 0.970

IV_Ig 1.39 1.00, 1.93 0.08 -0.01, 0.17 0.063

Vitamin C 1.22 1.05, 1.42∗ 0.04 0.01, 0.08∗ 0.013

Azathioprine 1.47 0.57, 3.78 0.10 -0.19, 0.38 0.455

Ciclosporin 2.44 0.92, 6.52 0.30 -0.19, 0.79 0.143

Tacrolimus 1.40 0.43, 4.51 0.08 -0.25, 0.42 0.596

Aspirin 1.54 1.39, 1.70∗ 0.10 0.07, 0.12∗ <0.001∗∗

Warfarin 1.31 1.00, 1.72 0.06 -0.09, 0.13 0.057

Clopidogrel 1.46 1.26, 1.70∗ 0.09 0.05, 0.13∗ <0.001∗∗

Acetaminophen 1.40 1.27, 1.55∗ 0.07 0.05, 0.09∗ <0.001∗∗

Diphenhydramine 1.48 1.34, 1.64∗ 0.09 0.06, 0.11∗ <0.001∗∗

Antivirals 1.19 1.08, 1.32∗ 0.04 0.02, 0.06∗ <0.001∗∗

CSF 1.22 0.57, 2.61 0.05 -0.14, 0.24 0.616

Cephalosporins 0.83 0.75, 0.92 -0.04 -0.06, -0.02∗ <0.001∗∗

Macrolides 0.83 0.75, 0.93 -0.04 -0.06, -0.01∗ 0.001∗∗

Fluoroquinolones 1.34 1.21, 1.49∗ 0.06 0.04, 0.09∗ <0.001∗∗

Lincosamides 1.74 1.55, 1.96∗ 0.14 0.10, 0.17∗ <0.001∗∗

Glycopeptides 2.77 2.52, 3.04∗ 0.26 0.23, 0.29∗ <0.001∗∗

Carbapenems 2.90 2.64, 3.19∗ 0.27 0.24, 0.29∗ <0.001∗∗

Cotrimoxazole 1.46 1.07, 1.98∗ 0.09 0.00,0.18∗ 0.024

Glucocorticoids 1.91 1.72, 2.12∗ 0.13 0.11, 0.15∗ <0.001∗∗

Heparin_group 1.46 1.26, 1.68∗ 0.07 0.05, 0.09∗ <0.001∗∗

Hydroxychloroquine 0.96 0.87, 1.06 -0.01 -0.03, 0.01 0.428
∗Significant at H0: RR = 1 or AR = 0. ∗∗Significant at 0.0013 (Pearson chi square, according to bonferroni correction).
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4. Discussion

4.1. Summary of Evidence. According to the aims of our
study, three main groups of drugs were investigated includ-
ing antibiotics, antivirals, and drugs of the immune system.
Of course, from the viewpoint of pharmacology, antibiotics
and antivirals are chemotherapeutic agents and affect the
immune system. We used regression modeling to adjust the
confounding effects of the drugs. It seems that age was the
most important comorbidity factor [7] and therefore, we
adjusted its effect and its interactions in our models. Our
association rule mining showed a rationale between the pairs
of the variables, for example, the correlation of aspirin and
clopidogrel indicating the patients with coronary artery
disease. Other associations can also be detected (Figures 1
and 2). Individual data clustering showed that the most
prevalent drug was the heparin_group—even more than
hydroxychloroquine—due to our national protocol for anti-
coagulant therapy (Figure 3). For the associations of the dugs
with the COVID-19 outcome, we discussed each drug sepa-

rately. Before us, RECOVERY trial (randomized evaluation
of COVID-19 therapy) had studied the effects of many of
the drugs investigated in our study on thousands of
participants.

4.1.1. Sofosbuvir/Daclatasvir. In the cohort table, it was a risk
factor for death. Regression wise, there was no association
with death and LOS. It seems that its administration to com-
plicated cases resulted in showing as risk factor in the cohort
table. However, it seems that it does not have a beneficial
effect. Unlike our study, an individual participant data
meta-analysis showed that this drug could improve time to
clinical recovery and reduce all causes of mortality. Many
of the participants were Iranian [8]. Our association rule
mining showed that its administration was usually along with
dexamethasone indicating that our centers used it for more
critical patients. It was not clear whether this combination
was helpful for these patients or not.

4.1.2. Lopinavir/Ritonavir (Kaletra). In the cohort table, it
was a risk factor. Regression wise, it was a risk factor for
death after adjusting the interactions of age and ICU admis-
sion. However, its odds ratio was lower than ICU admission
(2.84 vs 6.26) as the calibrator for the second generation null
hypothesis (i.e., being clinically significant). Briefly, its effect
was interaction-dependent. Marginal analysis showed a
protecting effect for death in ICU admitted patients with
age more than 60. It was a new finding in this study; however,
its side effects and drug-drug interactions should be regarded
for using in such patients [9]. Some meta-analyses did not
show a beneficial effect [10, 11]. Our association rule mining
showed that its administration was usually along with
diphenhydramine and glucocorticoids mostly in ICU admit-
ted patients with longer hospitalization.

4.1.3. Ribavirin. In the cohort table, it did not show a signif-
icant association after bonferroni correction. Regression
wise, no significant association was found for death and
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Figure 5: Performance of the logistic regression model (Table 3). The unit of the predictor is the result of the logistic function for each data as
y = β1 × 1 + β2 × 2 +⋯ + β0. (a) ROC curve. (b) Sensitivity/spesificity plot.
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LOS. Our association rule mining showed that its adminis-
tration was usually along with oseltamivir.

4.1.4. Favipiravir. In the cohort table, it did not show a signif-
icant association after bonferroni correction. Regression
wise, there was no association with death and LOS. A meta-
analysis showed that patients had clinical and radiological
improvements after treatment with favipiravir in comparison
to standard care though no significant difference was
observed for viral clearance and oxygen support [12].

4.1.5. Oseltamivir. In the cohort table, it did not show a sig-
nificant association after bonferroni correction. Regression
wise, there was no association with death and LOS. Of course,
in step 1 of our logistic regression analysis, it showed a pro-
tective association. According to the marginal analysis, its
protecting association was more dominant in ICU admitted
patients. There was not enough study about the effectiveness
of this drug. Wu et al. showed that it might increase the sur-
vival rate in combination with lopinavir/ritonavir [13]. Our
association rule mining showed that its administration was
usually along with Ribavarin. Maybe some patients had
received this drug for influenza prophylaxis due to their
underlying conditions. However, it was the most effective
antiviral agent in our study.

4.1.6. Metronidazole. In the cohort table, it was a risk factor.
Regression wise, there was no association with death and
LOS. It seems that its administration to complicated cases
resulted in showing as risk factor in the cohort table. Our
association rule mining showed that its administration was
high in patients with immunosuppressive drugs including
ciclosporin, mycophenolate, and tacrolimus. We found no
clinical study; however, some researchers considered a
potential beneficial effect because of its anti-inflammatory
effect and decreasing neutrophil count [14].

4.1.7. Linezolid. In the cohort table, it did not show a signifi-
cant association after bonferroni correction. Regression wise,
there was no association with death and LOS. There was not a
related clinical study. Our association rule mining showed
that its administration was high in the patients receiving
IVIG.

4.1.8. Cephalosporins. In the cohort table, they were protect-
ing factors. Regression wise, they were protecting factors for
death while there was no effect on LOS. Marginal analysis
showed that this protecting association was more dominant
in younger ICU admitted patients. Our association rule min-
ing showed that its administration was correlated with
macrolides. It was not clear whether the protecting associa-
tion of cephalosporins was due to its correlation with macro-
lide administration or due to its administration to more
simple cases (the bias of selection by indication) or due to
its own effect. In general, the associations of antibiotics with
COVID-19 outcome are discussed with two aims: one of
them is their effect on bacterial coinfections, and the second
one is their antiviral effect. A computational analysis showed
that chephalosporins had a potential binding ability to SARS-
Cov-2 [15]. If an antibiotic shows a harmful effect, it may be
representative of the effect of an underlying bacterial infec-
tion. Hence, if an antibiotic shows a protecting effect, this
protecting effect is more reliable than that the harmful effect.
In other words, it shows that these antibiotics have beneficial
effect in spite of the underlying bacterial disease of the
patients.

4.1.9. Macrolides. In the cohort table, it was a protecting
factor. Regression wise, there was no association with
death and LOS. Of course, in step 1 of our logistic regres-
sion analysis, it showed a protective association. This pos-
sible protecting association was more dominant in older
patients but similar response was observed in ICU admit-
ted and unadmitted patients. Since macrolides increase QT
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Figure 7: Association of lopinavir/ritonavir (a) and oseltamivir (b) with probability of death based on age and ICU admission (from logistic
regression of Table 3, step 3).
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interval, its contraindications should be regarded. A meta-
analysis showed that azithromycin increased mortality in
combination with hydroxychloroquine [16].

4.1.10. Fluoroquinolones. In the cohort table, it was a risk
factor. Regression wise, it was a risk factor for LOS. Our
association rule mining showed that its administration was
correlated with administration of hydrocortisone.

4.1.11. Lincosamides. In the cohort table, it was a risk fac-
tor. Regression wise, there was no association with death
and LOS.

4.1.12. Glycopeptides. In the cohort table, this group of ani-
biotics was a risk factor. Regression wise, it was a risk factor
for death and LOS. Our association rule mining showed that
its administration was usually along with carbapenems. Its
odds ratio was not significantly lower than the odds ratio of
ICU admission (5.38 vs 6.26) as the calibrator for the second

generation null hypothesis (i.e., being clinically significant).
It means that it can show severity of the underlying infectious
comorbidity like ICU admission shows severity of the dis-
ease. Previous studies have shown that bacterial coinfection
might occur in severe cases of COVID-19. This coinfection
is not easy to follow because the inflammatory biomarkers
are not specific for it [17, 18].

4.1.13. Carbapenems. Their effect was approximately similar
to glycopeptides as discussed above.

4.1.14. Cotrimoxazole. In the cohort table, it was not a risk
factor. Regression wise, there was no association with death
and LOS. Our association rule mining showed that its admin-
istration was correlated with azathioprine.

4.1.15. Interferon. In the cohort table, it was a risk factor.
Regression wise, there was no association with death, and
there was no association with LOS. Its risk association in
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Figure 8: Association of cephalosporins (a), macrolides (b), glucopeptides (c), and carbapenems (d) with probability of death based on age
and ICU admission (from logistic regression of Table 3, step 3).
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Figure 9: Continued.
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the cohort table might be due to its administration to more
sever patients. Our association rule mining showed that its
administration was correlated with acetaminophen.

4.1.16. Dexamethasone. In the cohort table, it was a risk fac-
tor. Regression wise, there was no association with death

and LOS. In a meta-analysis of clinical trials of critically ill
patients with COVID-19, administration of systemic cortico-
steroids (dexamethasone), compared with usual care or pla-
cebo, was associated with lower 28-day all-cause mortality
[19]. Nevertheless, its routine administration is not recom-
mended according to our results (marginal analysis did not
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Figure 9: Association of hydroxichloroquine (a), prednisolon (b), hydrocortisone (c), dexamethasone (d), methylprednisolone (e),
budesonide (f), IVIG (g), and vitamin C (h) with probability of death based on age and ICU admission (from logistic regression of
Table 3, step 3).

Table 4: Logistic regression model for association of hydroxychloroquine with death and the significant interactions.

Model Step 1: adjusted with each other Step 2: step 1 plus interactions
Covariates Adjusted odds ratio (95% CI) P value Adjusted odds ratio (95% CI) P value

Age 1.038 (1.034, 1.042) <0.001∗ 1.044 (1.038, 1.050) <0.001∗

ICU 3.428 (2.981, 3.941) <0.001∗ 7.590 (4.354, 13.233) <0.001∗

Underlying drugs 2.348 (1.996, 2.762) <0.001∗ 1.869 (1.461, 2.391) <0.001∗

Hydroxychloroquine (HCQ) 0.794 (0.689, 0.916) 0.002∗ 0.600 (0.453, 0.794) <0.001∗

Significant interactions

Age #ICU 0.988 (0.980, 0.996) 0.004∗

Underlying drugs #HCQ 1.464 (1.057, 2.029) 0.022∗

∗Significant at 0.05. #Interaction sign.

Table 5: Logistic regression model for association of dexamethasone with death and the significant interactions.

Model Step 1: adjusted with each other Step 2: step 1 plus interactions
Covariates Adjusted odds ratio (95% CI) P value Adjusted odds ratio (95% CI) P value

Age 1.038 (1.034, 1.042) <0.001∗ 1.044 (1.038, 1.050) <0.001∗

ICU 3.335 (2.898, 3.838) <0.001∗ 7.448 (4.266, 13.005) <0.001∗

Underlying drugs 2.259 (1.919, 2.660) <0.001∗ 2.245 (1.907, 2.643) <0.001∗

Dexamethasone 1.181 (1.020, 1.368) 0.026∗ 1.183 (1.022, 1.369) 0.025∗

Significant interactions

Age #ICU 0.988 (0.980, 0.996) 0.003∗

Interaction not assumed

ICU #dexamethasone 0.795 (0.595, 1.060) 0.119
∗Significant at 0.05. #Interaction sign.
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Table 6: Association of the variables with LOS in survived cases using the independent t-test and right censored Poisson regression (in
hospitalized improved cases; the other cases were removed).

Analysis t-test
Right censored Poisson regression

(upper limit: LOS = 15)
Covariates Mean difference P value Adjusted incidence rate ratio (95% CI) P value

Age≥50 0.673 <0.001∗∗ 0.994 (0.992, 0.996) <0.001∗

Gender (male) -0.097 0.580 1.066 (0.991, 1.146) 0.088

Date (daily) NA NA 1.000 (1.000, 1.000) 0.590

ICU 5.124 <0.001∗∗ 1.235 (1.129, 1.352) <0.001∗

Sofosbuvir/daclatasvir 3.713 <0.001∗∗ 1.059 (0.958, 1.172) 0.263

Lopinavir/ritonavir 3.580 <0.001∗∗ 1.073 (0.985, 1.168) 0.107

Ribavirin 4.061 <0.001∗∗ 1.155 (1.013, 1.315) 0.031∗

Favipiravir 2.926 <0.001∗∗ 1.034 (0.799, 1.337) 0.801

Oseltamivir 3.769 <0.001∗∗ 1.042 (0.882, 1.231) 0.628

Interferon 3.960 <0.001∗∗ 1.021 (0.925, 1.127) 0.680

Metronidazole 2.577 <0.001∗∗ 1.038 (0.875, 1.231) 0.672

Linezolid 4.653 <0.001∗∗ 1.087 (0.858, 1.379) 0.488

Dexamethasone 3.827 <0.001∗∗ 1.206 (1.102, 1.320) <0.001∗

Hydrocortisone 3.974 <0.001∗∗ 1.072 (0.961, 1.195) 0.213

Budesonide 3.924 <0.001∗∗ 0.936 (0.828, 1.059) 0.293

Prednisolone 2.858 <0.001∗∗ 1.070 (0.851, 1.345) 0.562

Methylprednisolone 3.994 <0.001∗∗ 1.311 (1.120, 1.534) 0.001∗

Infliximab 4.340 <0.001∗∗ 1.800 (1.363, 2.378) <0.001∗

Mycophenolate 0.941 0.659 0.552 (0.124, 2.464) 0.436

IV_Ig 4.176 <0.001∗∗ 0.883 (0.655, 1.189) 0.411

Vitamin C 4.486 <0.001∗∗ 1.231 (1.091, 1.390) <0.001∗

Azathioprine -0.472 0.836 0.487 (0.092, 2.565) 0.396

Ciclosporin 2.316 0.587 16.539 (1.42, 192.63) 0.025∗

Tacrolimus -1.387 0.608 0.503 (0.049, 5.219) 0.565

Aspirin 3.705 <0.001∗∗ 1.097 (1.001, 1.202) 0.047∗

Warfarin 4.276 <0.001∗∗ 1.206 (0.962, 1.512) 0.104

Clopidogrel 3.737 <0.001∗∗ 1.331 (1.145, 1.547) <0.001∗

Acetaminophen 3.431 <0.001∗∗ 1.205 (1.109, 1.308) <0.001∗

Diphenhydramine 3.333 <0.001∗∗ 1.114 (1.024, 1.213) 0.013∗

CSF 8.508 <0.001∗∗ 1.563 (1.078, 2.265) 0.018∗

Cephalosporins 0.455 0.010 1.067 (0.987, 1.154) 0.103

Macrolides 0.022 0.905 0.922 (0.847, 1.004) 0.063

Fluoroquinolones 4.031 <0.001∗∗ 1.110 (1.018, 1.210) 0.018∗

Lincosamides 1.933 <0.001∗∗ 1.056 (0.932, 1.195) 0.393

Glycopeptide 5.447 <0.001∗∗ 1.422 (1.292, 1.566) <0.001∗

Carbapenems 5.271 <0.001∗∗ 1.298 (1.174, 1.435) <0.001∗

Cotrimoxazol 3.481 <0.001∗∗ 0.937 (0.694, 1.264) 0.669

Heparin_group 3.209 <0.001∗∗ 1.033 (0.946, 1.128) 0.472

Hydroxychloroquine 0.933 <0.001∗∗ 0.850 (0.787, 0.918) <0.001∗

Positive mean differences indicate further risk for exposure positive (for age, age ≥ 50 was regarded). The regression model has been adjusted with age
interactions. NA: not applicable. ∗Significant at 0.05 (Wald test). ∗∗Significant at 0.001 (t-test, bonferroni correction).
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show a protecting effect). Our association rulemining showed
that its administration was correlated with sofosbuvir.
According to the controversies, we decided to design a practi-
cal model. Although based on this model, dexamethasone
showed a harmful effect (Table 5), its odds ratio was lower
than the odds ratio of ICU admission. Based on the results
of the RECOVERY collaborative group, only patients with
mechanical ventilation benefit from dexamethasone [20].

4.1.17. Hydrocortisone. In the cohort table, it was a risk factor
for death. Regression wise, there was no association with
death and LOS. Our association rule mining showed that
its administration was correlated with fluoroquinolone.
Marginal analysis did not show a protecting effect.

4.1.18. Budesonide. In the cohort table, it did not show a sig-
nificant association after bonferroni correction. Regression
wise, there was no association with death and LOS. Our asso-
ciation rule mining showed that its administration was corre-
lated with sofosbuvir and dexamethasone. Marginal analysis
did not show a protecting affect.

4.1.19. Prednisolone. In the cohort table, it was a risk factor
for death. Regression wise, there was no association with
LOS. According to our logistic regression, it was a risk factor
for death, but this association was removed after adjusting
the interactions of ICU admission. In a systematic review of
89 studies, administration of low-dose prednisolone had ben-
eficial impacts on COVID-19 [21]. However, it seems that its
administration without an indication other than COVID-19
may be harmful according to our results. Our association rule
mining showed that its administration was correlated with
death, glycopeptides, and carbapenems. It showed that its
administration was common in patients with underlying
infectious diseases.

4.1.20. Methylprednisolone. In the cohort table, it did not
show a significant association after bonferroni correction.
Regression wise, it was associated with increased LOS after

adjusting the interactions of age and ICU admission, but
there was no association with death. Our association rule
mining showed that its administration was correlated with
ribavirin and oseltamivir. Although our results could not
show a significant protecting effect on death, it seemed that
methylprednisolone pulse might be useful in critically ill
patients according to the literature [22, 23]. Marginal analysis
showed that it was protective in ICU admitted patients with
lower ages.

4.1.21. Infliximab. In the cohort table, it did not show a sig-
nificant association after bonferroni correction. Regression
wise, it was associated with increased LOS after adjusting
the interactions of age and ICU admission, but there was
no association with death. Our association rule mining
showed that it was in the cluster of immunosuppressive
agents (Figure 2, right cluster).

4.1.22. Mycophenolate. There was not enough observation to
judge. Our association rule mining showed that its adminis-
tration was correlated with tacrolimus.

4.1.23. IVIG. In the cohort table, it did not show a significant
association after bonferroni correction. Regression wise,
there was no association with death and LOS. A meta-
analysis of two studies with total of 383 critical COVID-19
patients showed that administration of high-dose IVIG in
first week of disease course especially in first 2 days was sig-
nificantly associated with lower mortality and hospital stay
rate [24]. Our association rule mining showed that it was in
the cluster of immunosuppressive agents (Figure 2, right
cluster).

4.1.24. Vitamin C. In the cohort table, it did not show a sig-
nificant association after bonferroni correction. Regression
wise, there was no association with death but an increased
in LOS was seen. Vitamin C has potentially antiviral effects
through producing free radicals and rising antiviral cyto-
kines; however, putting study design problems aside, not
enough evidence for routine use of vitamin C in COVID-19
patients was found [25, 26]. Our association rule mining
showed that its administration was usually along with favi-
piravir, interferon, and acetaminophen.

4.1.25. Azathioprine. There was not enough observation to
judge.

4.1.26. Ciclosporin. There was not enough observation to
judge.

4.1.27. Tacrolimus. There was not enough observation to
judge.

4.1.28. CSF. There was not enough observation to judge.

4.1.29. Hydroxychloroquine. The most controversial drug of
this study was hydroxychloroquine. In the cohort table, no
significant result was seen. In logistic regression, it showed
protecting effect before adjusting the interactions. Marginal
analysis showed a protecting effect on death for ages upper
than about 50, and a protecting effect on LOS for ages lower
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Figure 10: Association of hydroxychloroquine with LOS based on
age and ICU admission (from Poisson regression of Table 4).
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than about 40. Nevertheless, literature did not support our
results [27, 28]. In addition, the results of the RECOVERY
collaborative group did not support a protecting effect for
hydroxychloroquine [29]. According to the controversies,
we decided to design a practical model. Using this drug in
patients with diabetes or underlying cardiovascular or infec-
tious diseases is not recommended. Its drug interactions
about increasing QT interval should be regarded. However,
its administration to other hospitalized patients may be help-
ful according to our results.

4.1.30. Aspirin. In the cohort table, it was a risk factor for
death. Regression wise, there was no association with death
but an increase in LOS was seen. Our association rule mining
showed that its administration was correlated with clopido-
grel showing cardiovascular disease in such patients.

4.1.31. Warfarin. In the cohort table, it did not show a signif-
icant association after bonferroni correction. Regression
wise, there was no association with death and LOS . Our asso-
ciation rule mining showed that it was in the cluster of
immunosuppressive agents (Figure 2, right cluster).

4.1.32. Clopidogrel. Our association rule mining showed that
its administration was correlated with aspirin showing car-
diovascular disease in such patients.

4.1.33. Heparins. In the cohort table, it was a risk factor for
death. Regression wise, there was no association with death
and LOS. In a systematic review of 11 studies, administration
preventive doses of anticoagulants, including low-molecular
weight heparins or unfractionated heparin were indicated
to all hospitalized patients with COVID-19 and had benefi-
cial impacts on them [30]. Although we did not find a bene-
ficial effect, it may be necessary for prevention of pulmonary
thromboembolism.

4.1.34. Acetaminophen. In the cohort table, it was a risk factor
for death. Regression wise, there was no association with
death but an increase in LOS was seen. Our association rule
mining showed that its administration was correlated with
interferon, vitamin C, and favipiravir.

4.1.35. Diphenhydramine. In the cohort table, it was a risk
factor for death. Regression wise, there was no association
with death but an increase in LOS was seen. Our association
rule mining showed that its administration was correlated
with lopinavir/ritonavir, glucocorticoids, LOS, and ICU.

4.2. Limitations. It was a primary report of a complex dataset.
Therefore, this article did not have an enough space for sub-
group and more specific analyses. In addition, in a data min-
ing study, the patients, the exposures, and the interventions
are not based on the design of the researcher but all of them
are based on the existed indications. In the case of ours, many
drugs were not clinical trial administration but they were
used for underlying indications of the patients. In other
words, we had a bias called selection by indication (selection
bias confounded by indication). This bias resulted that some
simple drugs showed protecting association due to adminis-
tration to simple cases, and some more specific drugs showed

risk association due to administration to complex cases.
Regression modeling could help us to overcome these limita-
tions. Nevertheless, our models were complex with some nui-
sance making covariates. However, the stepwise method
showed similar results (tables not shown). Being retrospec-
tive was another limitation in our study. Prospective studies
and well-designed clinical trials should be performed regard-
ing the effective covariates and interactions such as ICU
admission and underlying diseases.

5. Conclusions

As a data mining study, it was not conclusive whether the
protecting or risk associations were due to causation or they
were confounded by bias in case selection for each drug. We
could not reach a model for exact prediction of the outcome.
Association of hydroxychloroquine with COVID-19 out-
come was controversial. Although hydroxychloroquine
showed a protecting effect in our regression modeling of all
the drugs, this association did not remain after adjusting
the interactions. It seems that the associations of hydroxy-
chloroquine and other drugs are correlated with some
known and unknown interactions. Administration cortico-
steroids should be based on the conditions of each case. Pro-
tective effects of cephalosporins was another notable finding.
The data of this study was for the time when using remdesi-
vir was not common and available in our country and also
we had extra ICU mortality in the mentioned period of time.
As a preliminary report, the results of this study should be
used for hypothesis creation for clinical trials or hypothesis
creation for more specific data mining studies. The approach
and methodology of this study is suggested to be used for
other diseases and health issues.
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