Submitted 31 October 2022
Accepted 23 February 2023
Published 28 June 2023

Corresponding author
Sylvi Irawati, syl@staff.ubaya.ac.id

Academic editor
Sonia Oliveira

Additional Information and
Declarations can be found on
page 10

DOI 10.7717/peer;j.15072

© Copyright
2023 Rahmadani et al.

Distributed under
Creative Commons CC-BY 4.0

OPEN ACCESS

Potential drug-drug interactions and
their associated factors in hospitalized
COVID-19 patients with comorbidities

Imanda Dyah Rahmadani'?, Sylvi Irawati’*, Yosi Irawati Wibowo™* and
Adji Prayitno Setiadi™*

! Fakultas Farmasi, Universitas Surabaya, Surabaya, Indonesia
? Department of Pharmacy, Hospital of Muhammadiyah Lamongan, Lamongan, Indonesia

* Department of Clinical and Community Pharmacy, Faculty of Pharmacy, Universitas Surabaya, Surabaya,
Indonesia

* Center for Medicines Information and Pharmaceutical Care (CMIPC; Pusat Informasi Obat dan Layanan
Kefarmasian (PIOLK)), Faculty of Pharmacy, Universitas Surabaya, Surabaya, Indonesia

ABSTRACT

Background. Hospitalized COVID-19 patients with comorbidities receive more
complex drug therapy. This increases the probability of potential drug-drug interactions
(pDDIs). Studies on pDDIs in hospitalized patients with COVID-19 in countries with
limited resources like Indonesia during the later period of the disease are still limited.
This study aims to identify the pattern of pDDIs in hospitalized COVID-19 patients
with comorbidities and their associated factors, especially in the second wave of the
disease in Indonesia.

Methods. This study was a longitudinal-retrospective study observing hospitalized
COVID-19 patients with comorbidities using medical record data in June—August
2021 at a public hospital in a region in Indonesia. pDDIs were identified using
the Lexicomp® database. Data were descriptively analyzed. Factors associated with
important pDDIs were analyzed in multivariate logistic regression model.

Results. A total of 258 patients with a mean age of 56.99 = 11.94 years met the inclusion
criteria. Diabetes mellitus was the most common comorbidity experienced by 58.14%
of the patients. More than 70% of the patients had one comorbidity and the average
number of administered drugs was 9.55 £ 2.71 items per patient. Type D pDDIs,
which required modification of therapeutic regimens, amounted to 21.55% of the total
interactions. Only the number of drugs was significantly and independently associated
with type D pDDIs (adjusted odds ratio 1.47 [1.23-1.75], p < 0.01).

Conclusion. The drugs involved in the pDDIs of hospitalized COVID-19 patients
with comorbidities may differ depending on the disease periods, hospital settings, or
countries. This study was small, single center, and of short duration. However, it may
give a glimpse of important pDDIs during the delta variant of COVID-19 in a similar
limited-resource setting. Further studies are needed to confirm the clinical significance
of these pDDIs.
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INTRODUCTION

Treatment options for the coronavirus disease (COVID-19) are evolving as new evidence
emerges. In December 2020, five organizations of different medical professionals in
Indonesia published a new guideline for the management of COVID-19. The selection
of pharmacological management for COVID-19 is based on the level of severity of the
disease i.e., asymptomatic, mild, moderate, severe, and critical. The more severe the case
of COVID-19, the more complex the pharmacological therapy (Burhan et al., 2021). One
of factors associated with having more severe conditions of COVID-19 is the presence of
one or more comorbidities (Li et al., 2021; Bajgain et al., 2021).

Patients hospitalized with COVID-19 are often present with one or more comorbidities
(Bajgain et al., 2021), thus increasing the number of drugs taken and the therapy
complexity. The more drugs taken by a patient, the greater the likelihood of adverse
drug reaction occuring. Adverse drug reactions can result from potential drug-drug
interactions (pDDIs) when the effect of one drug is modified by the presence of another
(Krska & Cox, 2019; Baxter, Preston & Stockley, 2013).

Studies on pDDIs in hospitalized COVID-19 patients with or without comorbidities have
been conducted in several countries including Iran, Italy, and Spain. Atleast one pDDIs may
affect more than 60% to 90% of all hospitalized patients with COVID-19 (Cantudo-Cuenca
et al., 2021; Cattaneo et al., 2020; Larasati, Nisa & Yumna, 2021; Martinez-Lépez-de Castro
et al., 2020). Tools to assess pDDIs may vary across studies thus affecting how pDDIs are
categorized (Cantudo-Cuenca et al., 2021; Cattaneo et al., 2020; Larasati, Nisa ¢& Yumna,
2021). There are various factors that can influence the occurrence of pDDIs, including
age, number of drugs, using drugs with a narrow therapeutic index, the presence of
comorbidities, receiving treatment at an intensive care unit (ICU), and length of stay
(Cantudo-Cuenca et al., 2021; Larasati, Nisa ¢& Yumna, 2021; Mahboobipour & Baniasadi,
2020).

Research on drug interactions among hospitalized COVID-19 patients in Indonesia is
still limited, including those conducted by Larasati, Nisa ¢» Yumna (2021) at a hospital
in West Java and by Yuniar Ramadhiani et al. (2021) at a hospital in Palembang, South
Sumatra. Both studies were conducted during different periods of COVID-19, one was in
August-December 2020 (Larasati, Nisa ¢ Yumna, 2021) and the other was in April-June
2021 (Yuniar Ramadhiani et al., 2021). The pattern of drugs used for COVID-19 were
different between the earlier and the later period of the disease following new guidelines
and related-studies (Cantudo-Cuenca et al., 2021; Cattaneo et al., 2020; Larasati, Nisa ¢
Yumna, 2021; Martinez-Lopez-de Castro et al., 2020; Mahboobipour ¢ Baniasadi, 2020;
Yuniar Ramadhiani et al., 2021). Our study aims to identify the pattern of pDDIs in
hospitalized COVID-19 patients with comorbidities and the associated factors, especially
in the second wave of the disease in Indonesia.

METHODS

This was a longitudinal retrospective study conducted at a private hospital in the city
of Lamongan, East Java, Indonesia. The hospital is one of the two largest hospitals in
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the city where patients with COVID-19 were mainly refered to. The study was approved
by the Ethics Committee of the University of Surabaya (No. 38/KE/IV/2022) and the
Health Research Ethics Committee of the Hospital of Muhammadiyah Lamongan (No.
0350/KET/I11.6.AU/F/2022). The Health Research Ethics Committee waived the need for
consent for this study.

Sample recruitment

We recruited patients aged > 17 years who were admitted at the hospital from June 1st
until August 31st 2021, diagnosed with COVID-19, presenting with multiple comorbidities,
concomitantly prescribed with two or more medications, and hospitalized for more than
24 hours. Only patients with complete medical-record data were analysed for pDDIs.

Data collection

Data on patients’ characteristic and medications were collected from medical and
pharmacy dispensing records. The types and mechanisms of pDDIs were assessed using the
Lexicomp® database (UpToDate Inc., 2022). The types of pDDIs were classified according
to Lexicomp® as follows: A (no interaction), B (no action needed), C (monitor therapy),
D (modify regimen), and X (avoid combination). Only pDDIs categorized as type D and
X were noted and considered for further analysis.

Data analysis

Data were analyzed using IBM SPSS Statistics version 25 for Windows (IBM Corp.,
Armonk, N.Y., USA). Categorical and continuous data were presented as percentages
and mean (= standard deviation, SD), respectively. Univariate analysis with chi-square
was used to test for any association between each patient factor (i.e., gender, age, length
of hospital stay, ICU admission, number of drugs, number of comorbidity, and type of
comorbidity - diabetes mellitus, hypertension, cardiovascular disease, kidney disease, or
other comorbidities) with pDDIs of type D/X. To explore the independent associations of
patient factors with pDDIs, a binary logistic regression was performed. All the independent
variables (i.e., patient factors) were entered into the model. A factor with p-value <0.05
indicates a statistically significant association, and the odds ratio (OR) with 95% confidence
intervals show a measure of association between the factor and type D/X pDDIs.

RESULTS

There were 307 patients diagnosed with COVID-19 and comorbidities admitted at the
hospital from June 1st until August 31st 2021. We included 258 patients who were >

17 years old, concomitantly prescribed with two or more drugs, and hospitalized for more
than 24 hours. The remaining patients were excluded due to a younger age (n=1), a
hospital stay of less than 24 hours (n =33), and incomplete medical records.

Patient characteristics

The patients’ characteristics are presented in Table 1. Overall, the majority of the patients
were women (53.1%) and middle aged (mean 56.99 % 11.94 years). Most of the patients
had one comorbidity (72.87%) with the most common being diabetes mellitus (58.14%).
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Table 1 Patients’ characteristics on admission.

Patients’ characteristics Total (N =258) Men (n=121) Women (n=137) p-Value
Frequency, n (%)
Age (in years)
17-39 18 (6.98) 5 (4.13) 13 (9.49) 0.199
40-59 125 (55.43) 58 (47.93) 67 (48.91)
>60 115 (44.57) 58 (47.93) 57 (41.61)
ICU admission 76 (29.46) 28 (23.14) 48 (35.04) 0.036'
Number of comorbidities
1 188 (72.87) 88 (72.73) 100 (72.99) 0.292
2 63 (24.42) 30 (24.79) 33 (24.09)
3 5(1.94) 1(0.83) 4(2.92)
4 2 (0.78) 2 (1.65) 0
Types of comorbidities
Diabetes mellitus 150 (58.14) 62 (51.2) 88 (64.2) 0.035
Hypertension 62 (24.03) 30 (24.8) 32 (23.4) 0.788
Cardiovascular disease 50 (19.38) 31 (25.6) 19 (13.9) 0.017
Kidney disease 42 (16.28) 26 (21.5) 16 (11.7) 0.033
Others " 33 (12.79) 10 (8.3) 23 (16.8) 0.041
Number of drugs
2-4 2(0.78) 1(1.65) 1(0.73) 0.719
>5 256 (99.22) 120 (99.17) 136 (99.27)
Prescribed with narrow therapeutic index drugs 14 (5.43) 6 (5.0) 8 (5.8) 0.755
Length of hospital stay (in days)
1-7 134 (51.94) 61 73 0.645
>7 124 (48.06) 60 64
Mean & SD Median (Q1, Q3)
Number of comorbidities 1.31 £ 0.034 1(1,2) 1(1,2) 0.973
Number of drugs 9.55 +2.71 9(8,11) 9(7.5,11) 0.286
Length of hospital stay (in days) 8.06 +4.49 7 (5,11) 7 (4,11) 0.329

Notes.

The p values that show a statistically significant difference between groups are presented in bold.

ICU, intensive care unit; Q1, quartile 1; Q3, quartile 3; SD, standard deviation.

Including chronic respiratory diseases, liver disease, disease involving immune mechanism, cancer, tuberculosis, Alzheimer, vertigo, epilepsy, or osteoarthritis.

*Statistically significant at p < 0.05.

Almost all patients received polypharmacy (>5 drugs, 99.22%). The mean number of drugs
received by the patients was 9.55 £ 2.71.

Medications during hospitalization
The following drugs were received by more than 60.0% of all of the included patients

during their hospital stay: methampyrone or metamizole (94.96%), N-acetylcysteine
(89.92%), pantoprazole (86.82%), azithromycin (72.48%), favipiravir (67.05%), and
vitamin C (60.85%). More than half of the patients were also on unfractionated heparin
(59.30%) and dexamethasone (55.81%). Diabetic patients were also treated with rapid-
acting insulin glulisine (25.58%), metformin (9.69%), and long-acting insulin glargine

(6.98%). Antihypertensive agents used were amlodipine (18.22%), furosemide (14.73%),
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and candesartan (8.14%). Aspirin and clopidogrel were used by 12.4% and 10.85% of the
patients, respectively.

Potential drug-drug interactions

In total, there were 1462 pDDIs from all of the drugs used by the patients. Of these
numbers, 21.55% were type D pDDIs with at least one interaction of this type affected
73.26% (189 of 258) of the patients. The most dominant pDDIs was type C, affected
68.88%. None of the pDDIs was rated as type X. The most common mechanisms of pDDIs
was a sinergistic effect of two drugs affecting coagulation system thus increased the risk of
bleeding. The levels of severity type D pDDIs were major (9.21%) and moderate (90,79%).
Both major and moderate type D pDDIs were mostly supported by fair documentation
(75.86% for major interactions and 66.43% for moderate interactions). Only 10.34%

of major interactions were supported by excellent documentation; these interactions
involved dexamethasone-atracurium and aspirin-warfarin. Similarly, the reliability of
documentation was excellent in 11.19% of all moderate pDDIs. Details on the drugs and
mechanisms involved in the type D pDDIs are presented in Table 2.

Factors associated with type D potential drug-drug interactions

In the univariate regression analysis, the number of drugs and length of stay were
significantly associated with the odds of having type D pDDIs (p < 0.01). However, in
the multivariate analysis, only number of drugs was found to be statistically significant
(adjusted odds ratio [aOR] 1.47 (95% CI [1.23-1.75], p < 0.01). Details of the analyses are
presented in Table 3.

DISCUSSION

In this study, 70% of hospitalized COVID-19 patients with comorbidities were exposed to
at least one type D pDDIs that required specific actions to minimize adverse effects (mean
1,67 & 1,18 interaction per patient). This type of interaction represented around 20% of
all types of pDDIs, with approximately 10% of those being major interactions, supported
by fair-to-moderate documentations. None of the pDDIs were rated as type X. For every
unit increase in number of drugs, the odds of the patients having at least one of type D
pDDIs increased by a factor of 1.5. This estimation was independent of other factors and
statistically significant.

The pattern of type D pDDIs in this study was different to that of a similar study involving
260 patients conducted by Mahboobipour et al. in Iran during an earlier period of COVID-
19 transmission (March 2020). While we did not identify type X pDDIs, Mahboobipour et
al. found type D/X pDDlIs affected a smaller portion of patients in the period of March 2020
than did type D pDDIs in the period of June to August 2021 in our study (38% vs 70%).
Type D/X pDDIs also represented a smaller portion of all types of pDDIs compared to our
study (18% vs 20%) (Mahboobipour ¢» Baniasadi, 2020). Another small study involving 107
patients conducted in a hospital in Indonesia during the period of August —December 2020
found a small portion of type X pDDIs (Larasati, Nisa ¢» Yumna, 2021). These differences
in pDDIs profile to our study can be caused by different drugs used during those two
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Table2 Type D pDDIs identified in hospitalized COVID-19 patients with comorbidities.

Pairs of medications Mechanisms of the pDDIs Severity Reliability 1 (%)
heparin + metamizole Enhanced anticoagulant effect of heparin Moderate  Fair 141 (54.65)
furosemide + metamizole Diminished diuretic effect of furosemide, and enhanced Moderate Excellent 32 (12.40)
nephrotoxic effect of metamizole
aspirin + metamizole Enhanced adverse/ toxic effect of salicylates, i.e., risk of Moderate  Good 29 (11.24)
bleeding
enoxaparin + metamizole Enhanced anticoagulant effect of enoxaparin Moderate  Fair 19 (7.36)
heparin + clopidogrel Enhanced anticoagulant effect of heparin Moderate  Good 14 (5.43)
heparin + aspirin Enhanced anticoagulant effect of heparin Moderate  Good 12 (4.65)
enoxaparin + aspirin Enhanced anticoagulant effect of enoxaparin Moderate  Fair 9(3.49)
sucralfate + vitamin D3 Increased serum concentrations of sucralfate (specifically Moderate Fair 8 (3.10)
aluminum)
heparin + sertraline Enhanced anticoagulant effect of heparin Moderate ~ Good 5(1.94)
enoxaparin + clopidogrel Enhanced anticoagulant effect of enoxaparin Moderate  Fair 5(1.94)
azithromycin + chlorpromazine ~ Enhanced the QTc-prolonging effect Major Fair 4 (1.55)
aspirin + ticagrelor Enhanced antiplatelet effect of ticagrelor Major Fair 2(0.78)
codeine + diazepam Enhanced CNS depressant effect of codeine Major Fair 2(0.78)
fluoxetine + metamizole Enhanced the antiplatelet effect of metamizole and Major Good 2(0.78)
diminished therapeutic effect of fluoxetine
metamizole + warfarin Enhanced anticoagulant effect of warfarin Moderate  Fair 2(0.78)
midazolam + morphine Enhanced CNS depressant effect of morphine Major Fair 2(0.78)
clopidogrel + morphine Diminished antiplatelet effect of clopidogrel and decrease Major Fair 2(0.78)
serum concentrations of clopidogrel
heparin + fluoxetine Enhanced anticoagulant effect of heparin Moderate ~ Good 2(0.78)
dexamethasone + atracurium Enhanced adverse neuromuscular effect of corticosteroids, ~ Major Excellent 2(0.78)
i.e., muscle weakness
azithromycin + domperidone Enhanced QTc-prolonging effect Moderate  Fair 1(0.39)
levofloxacin + chlorpromazine Enhanced QTc-prolonging effect Major Fair 1(0.39)
levofloxacin + domperidone Enhanced QTc-prolonging effect Moderate  Fair 1(0.39)
enoxaparin + sertraline Enhanced anticoagulant effect of enoxaparin Moderate  Fair 1(0.39)
enoxaparin + ticagrelor Enhanced anticoagulant effect of enoxaparin Moderate  Fair 1(0.39)
heparin + ketorolac Enhanced anticoagulant effect of heparin Moderate  Good 1(0.39)
heparin + piracetam Enhanced anticoagulant effect of heparin Moderate  Good 1(0.39)
acarbose + insulin glulisine Enhanced hypoglycemic effect of insulin Moderate  Fair 1(0.39)
acarbose + insulin glargine Enhanced hypoglycemic effect of insulin Moderate  Fair 1(0.39)
alprazolam + codeine Enhanced CNS depressant effect of codeine Major Fair 1(0.39)
amitriptyline + tramadol Enhanced CNS depressant effect of tramadol and Major Good 1(0.39)
serotonergic effect of amitriptyline
aripiprazol + phenytoin Decreased serum concentrations of aripiprazole Major Good 1(0.39)
aripiprazol + codeine Enhanced CNS depressant effect of codeine Major Fair 1(0.39)
aspirin + warfarin Enhanced anticoagulant effect of warfarin Major Excellent 1(0.39)

(continued on next page)
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Table 2 (continued)

Pairs of medications Mechanisms of the pDDIs Severity ~ Reliability 1 (%)

clobazam + codeine Enhanced CNS depressant effect of codeine Major Fair 1(0.39)
codeine + diphenhydramine Enhanced CNS depressant effect of codeine Major Fair 1(0.39)
codeine + chlorpheniramine maleat ~ Enhanced CNS depressant effect of codeine Major Fair 1(0.39)
codeine + trifluoperazine Enhanced CNS depressant effect of codeine Major Fair 1(0.39)
codeine + lorazepam Enhanced CNS depressant effect of codeine Major Fair 1(0.39)
dexamethasone + phenytoin Decreased serum concentrations of dexamethasone ~ Major Fair 1(0.39)
gabapentin + tramadol Enhanced CNS depressant effect of tramadol Major Fair 1(0.39)

Notes.

CNS, central nervous system; #, number of patients; pDDIs, potential drug-drug interactions; QTc, corrected QT interval.

Table 3 Factors associated with type D pDDIs.

Univariate analysis Multivariate analysis
OR (95% CI) p-value adjusted OR (95% CI) p-value

Sex

Men (versus women) 1.15 (0.66-2.01) 0.62 1.00 (0.53-1.91) 0.99
ICU admission 0.76 (0.42-1.38) 0.37 0.69 (0.33-1.42) 0.31
Types of comorbidities

Diabetes mellitus 0.878 (0.50—1.55) 0.65 0.10 (0.34-2.92) 0.99

Hypertension 1.68 (0.83-3.39) 0.15 1.31 (0.41-4.21) 0.66

Cardiovascular disease 0.91 (0.46-1.81) 0.78 0.51 (0.15-1.76) 0.29

Kidney disease 1.34 (0.60-2.97) 0.48 2.19 (0.63-7.63) 0.22
Age 1.01 (0.99-1.04) 0.27 1.02 (0.99-1.05) 0.20
Number of comorbidities 1.30 (0.75-2.25) 0.35 1.07 (0.35-3.29) 0.91
Number of drugs 1.50 (1.29-1.74) 0.00° 1.47 (1.23-1.75) 0.00'
Length of hospital stay 1.19 (1.09-1.29) 0.00° 1.07 (0.96-1.18) 0.22
Prescribed with narrow therapeutic index drugs 4,95 (0.64-38.57) 0.13 5.05 (0.58-43.94) 0.14

Notes.

The estimates that are statistically significant are presented in bold.

ICU, intensive care unit
*Statistically significant at p <0.05.

periods. In the early days of COVID-19 transmission, drugs that have higher risk of type
X pDDIs such as chloroquine, hydroxychloroquine, remdesivir, ritonavir/lopinavir, or
tocilizumab were used (Larasati, Nisa & Yumna, 2021; Martinez-Lopez-de Castro et al.,
2020; Mahboobipour ¢ Baniasadi, 2020). During the period of July—August 2021, our
hospital no longer used chloroquine or hydroxychloroquine as a COVID-19 therapy.
Other antivirals such as lopinavir/ritonavir had never been prescribed for COVID-19 cases
at our hospital.

The proportion of women involved in this study is greater than men. Several studies
have shown that the majority of COVID-19 patients are men (Cantudo-Cuenca et al., 2021;
Larasati, Nisa & Yumna, 2021; Mahboobipour ¢ Baniasadi, 2020). While women have
higher macrophage and neutrophil activity than men, the concentration of angiotensin
converting enzyme 2 (ACE 2) receptor, which is the entry point for COVID-19 causing
virus, is higher in male kidneys than in females; hence, men have a greater risk for
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COVID-19 transmission (Kopel et al., 2020). In the study conducted by Gunadi et al.

in COVID-19 patients, infections with the delta variant were dominated by women,
whereas infections with the non-delta variant were dominated by men. However, there
was no significant relationship between sex and risk of COVID-19 infection (Gunadi et
al., 2021). The higher percentage of women than men in our study could also have been
influenced by the comorbidities, of which diabetes mellitus was dominant. Women have
a higher risk of developing diabetes mellitus than men, which is mostly due to hormonal
biological factors related to the metabolic system (Eling et al., 2018). In our study, more
women presented with diabetes mellitus compared to men, whereas, more men presented
with cardiovascular disease and kidney disease than women. However, both number of
comorbidities and number of drugs did not statistically different between men and women.
In the multivariate analysis, only the number of drugs was significantly associated with
type D pDDIs in our study.

Around 50% of the patients involved in our study had to stay in hospital for 1 to 7
days. The time span of data collection in this study coincided with the occurrence of the
second wave of COVID-19 in Indonesia, during when the delta variant was dominant. In
another study in Indonesia during August-December 2020, more than 95% of patients
had a length of stay of 6 days (Larasati, Nisa ¢ Yumna, 2021). One of several factors
significantly associated with longer hospitalization was disease severity (Wang et al., 2022).
In our study, however, the severity of COVID-19 was not recorded in the medical records.
Another approach that has been taken to estimate the disease severity was by counting the
number of patients who needed intensive treatment in the ICU. As many as 29.46% of all
patients observed in this study were admitted to the ICU during hospitalization. Treatment
in the ICU can be an indicator of the severity of COVID-19, but it is also necessary to
consider that the data collected in our study were from the period of July—August 2021,
which corresponded to the second wave of COVID-19 in Indonesia, when there was a surge
of the number of patients admitted to the hospital, while the ICU capacity was limited.

Diabetes mellitus was the most common comorbidity found in the patients included
in this study. Patients with diabetes mellitus have decreased phagocytic cell function, high
levels of the proprotein convertase furin, and increased expressions of ACE-2 receptor.
Furin facilitates the activation of the SARS-CoV-2 S (spike) protein that attaches to
the ACE-2 receptor, thereby allowing the virus to enter the host cell. In patients with
diabetes mellitus, there are also impaired T-cell function and increased concentrations of
interleukin-6. The second most common comorbidity was hypertension. In hypertensive
patients, there is upregulated formation of ACE-2 (Ejaz et al., 2020). The third most
common type of comorbidity was cardiovascular disease. Cardiovascular disease, in this
study, did not include hypertension, but including any of the following: ischemic heart
disease, cerebrovascular accident, or other diagnosed cardiovascular-related disease. The
types of comorbidities found in our study are in agreement with previous studies with
though slightly different rankings and also not including obesity (Larasati, Nisa ¢» Yumna,
2021; Djaharuddin et al., 2021). The relationship between cardiovascular disease and
COVID-19 is not known with certainty, but is thought to involve high expressions of
ACE-2 receptors on heart muscle cells and decreased immune system (Ejaz et al., 2020).
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Our study did not find an association between diabetes mellitus and type D pDDIs. This is
in line with the similar study from Iran. Despite a significant association between diabetes
mellitus and pDDIs in univariate analysis, there was no significant association between
those variables in multivariate analysis (Mahboobipour ¢ Baniasadi, 2020). The lack of
significant association might be caused by the lack of interactions between antidiabetic
medicines and medicines for COVID-19.

The types of comorbidities most commonly found in this study support the pattern
of pDDIs identified in the patients. In this study, drugs affecting coagulation system,
which are often used in treating cardiovascular disease, were also the most common drugs
involved in type D pDDIs. More than 50% of pDDIs observed in this study involved a
combination of heparin and metamizole which was categorized as a moderate interaction
with a fair reliability of documentation. This type of interaction would increase the risk
of bleeding in patients. However, due to the nature of our data collection, we were not
able to ascertain whether the interaction resulted in actual bleeding. There are limited
studies on metamizole, including heparin-metamizole interaction. Although metamizole
is still largely used in Asian countries, including Indonesia, this medicine has been long
withdrawn from the market in the United States and other European countries (Andrade
et al., 2016). In vivo, 1 g of metamizole given intravenously had an antiplatelet effect via
blockade of type TXA2 cyclooxygenase-1. However, the effect was short-lasting (Papp et
al., 2014). While there is a need to monitor the effect of this type of pDDIs, more studies
on the clinical significance of this particular interaction are needed.

Similar to previous studies, the patients in our study received more than five drugs
per patient on average. It has been known that multidrug treatment is one of the risk
factors of DDIs and adverse drug reactions (Krska ¢» Cox, 2019; Baxter, Preston ¢ Stockley,
2013). However, the magnitude of the risk might be different in different subgroups of
population, including in patients with COVID-19. In our study, the number of drugs was
independently and significantly associated with type D pDDIs. The results showed that
adding one item of drug was associated with a 1.5 times higher risk of type D pDDIs. This
result is in line with previous study involving 205 COVID-19 patients during the period
of March 1Ist to April 30th 2020 in a tertiary hospital in Spain. The study showed that
the number of drugs prescribed was associated with real DDIs (adjusted OR 1.42, 95%
CI [1.12-1.81]) (Cantudo-Cuenca et al., 2021). The small study from Iran showed that
ischemic heart disease and ICU admission were also factors associated with type D pDDls.
However, this study did not include the number of drugs in its analyses (Mahboobipour
¢ Baniasadi, 2020). The small study conducted in a hospital in Indonesia also showed a
significant correlation between two variables, i.e., number of drugs and comorbidities, and
the occurrence of all types of pDDIs (Larasati, Nisa ¢ Yumna, 2021). Based on studies we
traced for comparison, it seems that studies on pDDIs in COVID-19 patients in larger
setting are still limited.

The inclusion of only type D/X pDDIs in our study was based on the higher risk of these
types of interactions to the patients. Type D/X pDDIs need to be intervened or avoided
that it also requires more consideration from healthcare professionals. By identifying these
types of pDDIs and their associated factors we would be able to develop a strategy to
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prevent pDDIs which pose the most risk for the patients. Although the strategy may not
encompass all spectrum of risk, this prioritization is important in a setting where resources
are limited.

In this study, the use of Lexicomp®to assess pDDIs was based on several consideration
such as availability, easy-to-use, up-to-date evidence for interactions, frequently used
in studies on DDIs, and supporting research. Two studies concluded that Lexicomp®
and Micromedex showed the best performance to analyze pDDIs (Patel ¢ Beckett, 2016;
Kheshti, Aalipour ¢ Namazi, 2016). However, a certain medicine such as metamizole,
which is commonly used in Indonesia, is only available in Lexicomp®database. Despite
these benefits, there are two complementary medicines that are not listed in the Lexicomp®
database, namely Curcuma, which contains Curcuma xanthorrhiza extract, and plasmin,
which contains Lumbricus rubellus extract. However, these drugs were little prescribed to
the patients.

There are several limitations of our study. Factor such as obesity could not be observed
due to its unavailability in patients’ medical records. Despite obesity is common in patients
with COVID-19, its association to pDDIs has not been found significant (Mahboobipour ¢
Baniasadi, 2020). Our study was based on a small number of patients with short duration
of recruitment and in a single clinical setting. However, the study might give an impression
on important types of pDDIs occurred in a hospital in a developing country like Indonesia
where resources, including medicines, were limited especially during the delta variant of
COVID-19. Another limitation is we were not able to follow the clinical consequence of
type D pDDIs due to difficulties in conducting the research prospectively and in using an
adverse-effect reporting system during the period of COVID-19 with delta variant. During
this period, the hospital was overwhelmed that it became challenging to identify, prevent,
record, and manage important types of pDDIs.

CONCLUSIONS

The drugs involved in pDDIs in hospitalized COVID-19 patients with comorbidities may
differ between earlier and later periods of the disease, and when comparing different
hospital settings, or countries. Safer drugs seem to be used in the later period of the
disease, thus avoiding the riskier type of pDDIs, although the variant of SARS-CoV-2 is
more infectious or harmful. The number of drugs is still the main factor independently
associated with an important type of pDDIs. This study is small, single center, and of short
period thus the results might be different than in large multicenter settings. However,
the study gives a glimpse of type D pDDIs observed during the period of delta variant of
COVID-19 in a similar limited-resource setting. The clinical significance of these pDDIs
needs further studies.

ACKNOWLEDGEMENTS

The authors would like to thank Muhammadiyah Lamongan Hospital for all supports
while conducting the data collection.

Rahmadani et al. (2023), PeerJ, DOI 10.7717/peerj.15072 10/14


https://peerj.com
http://dx.doi.org/10.7717/peerj.15072

Peer

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the Ministry of Education, Culture, Research, and Technology

of the Republic of Indonesia (No. 048/SP-Lit/LPPM-01/KemendikbudRistek/Mono/FF/V/2022).
The funders had no role in study design, data collection and analysis, decision to publish,

or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

The Ministry of Education, Culture, Research, and Technology of the Republic of Indonesia:
048/SP-Lit/LPPM-01/KemendikbudRistek/Mono/FF/V/2022.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Imanda Dyah Rahmadani conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

e Sylvi Irawati conceived and designed the experiments, analyzed the data, prepared figures
and/or tables, authored or reviewed drafts of the article, and approved the final draft.

e Yosi Irawati Wibowo conceived and designed the experiments, authored or reviewed
drafts of the article, and approved the final draft.

e Adji Prayitno Setiadi conceived and designed the experiments, authored or reviewed
drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Health Research Ethics Committee of the Hospital of Muhammadiyah Lamongan
and the Ethics Committee of the University of Surabaya granted Ethical approval to carry
out the study ((No. 0350/KET/II1.6.AU/F/2022 and No. 38/KE/IV/2022, respectively).

Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Health Research Ethics Committee of the Hospital of Muhammadiyah Lamongan
and the Ethics Committee of the University of Surabaya granted Ethical approval to carry
out the study ((No. 0350/KET/II1.6.AU/F/2022 and No. 38/KE/IV/2022, respectively).

Data Availability
The following information was supplied regarding data availability:
The raw data is available in the Supplemental File.

Rahmadani et al. (2023), PeerJ, DOI 10.7717/peerj.15072 1114


https://peerj.com
http://dx.doi.org/10.7717/peerj.15072#supplemental-information
http://dx.doi.org/10.7717/peerj.15072

Peer

Supplemental Information

Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.15072#supplemental-information.

REFERENCES

Andrade S, Bartels DB, Lange R, Sandford L, Gurwitz J. 2016. Safety of metamizole:

a systematic review of the literature. Journal of Clinical Pharmacy and Therapeutics
41(15):459-477 DOT 10.1111/jcpt.12422.

Bajgain KT, Badal S, Bajgain BB, Santana M]J. 2021. Prevalence of comorbidities among
individuals with COVID-19: a rapid review of current literature. American Journal of
Infection Control 2021:238-246 DOI 10.1016/j.2jic.2020.06.213.

Baxter K, Preston CL, Stockley IH. 2013. Stockley’s drug interactions. Tenth edition.
London: Pharmaceutical Press.

Burhan E, Susanto AD, Isbaniah F, Nasution SA, Ginanjar E, Pitoyo CW, Susilo A,
Firdaus I, Santoso A, Juzar DA, Arif SK, Wulung NGHL, Muchtar F, Pulungan
AB, Sjakti HA, Prawira Y, Putri ND (eds.) 2021. Pedoman tatalaksana COVID-

19. Perhimpunan Dokter Paru Indonesia (PDPI), Perhimpunan Dokter Spesialis
Kardiovaskular Indonesia (PERKI), Perhimpunan Dokter Spesialis Penyakit
Dalam Indonesia (PAPDI), Perhimpunan Dokter Anestesiologi dan Terapi Intensif
Indonesia (PERDATIN), Ikatan Dokter Anak Indonesia (IDAI) 2020. Available at
https://www.papdi.or.id/download/983-pedoman-tatalaksana- COVID- 19-edisi- 3-
desember-2020 (accessed on 10 June 2021).

Cantudo-Cuenca MD, Gutiérres-Pizarraya A, Pinilla-Fernandez A, Contreras-Macias
E, Fernandez-Fuertes M, Enrique CM, Lao-Dominguez FA, Rincén P, Pineda JA,
Macias J, Morillo-Verdugo R. 2021. Drug-drug interactions between treatment spe-
cific pharmacotherapy and concomitant medication in patients with COVID-19 in
the first wave in Spain. Scientific Reports 11:12414 DOI 10.1038/s41598-021-91953-2.

Martinez-Lopez-de Castro N, Samartin-Ucha M, Paradela-Carreiro A, Pérez-Landeiro
A, Inaraja-Bobo MT, Alvarez Payero M, Castro-Nuiiez I, Garcia-Beloso N, Robles-
Torres D, Lopez-Lopez A, Gonzalez-Costas S, Leboreiro-Enriquez B, Otero-Millan
L, Romero-Ventosa EY, Casanova-Martinez C, Lorenzo-Lorenzo K, Regueira-
Arcay AM, Vazquez-Lépez C, Martinez-Reglero C, Pineiro Corrales G. 2020.
Real-world prevalence and consequences of potential drug-drug interaction in the
first-wave COVID-19 treatments. Journal of Clinical Pharmacy and Therapeutics
46:724-730 DOI 10.1111/jcpt.13337.

Cattaneo D, Pasina L, Maggioni AP, Giacomelli A, Oreni L, Covizzi A, Bradanini L,
Schiuma M, Antinori S, Ridolfo A, Gervasoni C. 2020. Drug-drug interactions
and prescription appropriateness in patients with COVID-19: a retrospective
analysis from a reference hospital in Northern Italy. Drugs Aging 37:925-933
DOI 10.1007/s40266-020-00812-8.

Rahmadani et al. (2023), PeerJ, DOI 10.7717/peerj.15072 12114


https://peerj.com
http://dx.doi.org/10.7717/peerj.15072#supplemental-information
http://dx.doi.org/10.7717/peerj.15072#supplemental-information
http://dx.doi.org/10.1111/jcpt.12422
http://dx.doi.org/10.1016/j.ajic.2020.06.213
https://www.papdi.or.id/download/983-pedoman-tatalaksana-COVID-19-edisi-3-desember-2020
https://www.papdi.or.id/download/983-pedoman-tatalaksana-COVID-19-edisi-3-desember-2020
http://dx.doi.org/10.1038/s41598-021-91953-2
http://dx.doi.org/10.1111/jcpt.13337
http://dx.doi.org/10.1007/s40266-020-00812-8
http://dx.doi.org/10.7717/peerj.15072

Peer

Djaharuddin I, Munawwarah S, Nurulita A, Ilyas M, Tabri NA, Lihawa N. 2021.
Comorbidities and mortality in COVID-19 patients. Gaceta Sanitaria 35(Suppl
2):S§530-S532 DOI 10.1016/j.gaceta.2021.10.085.

Ejaz H, Alsrhani A, Zafar A, Javed H, Kashaf J, Abdalla AE, Abosalif KOA, Ahmed
Z, Younas S. 2020. COVID-19 and comorbidities: deleterious impact on
infected patients. Journal of Infection and Public Health 13(12):1833-1839
DOI 10.1016/j.jiph.2020.07.014.

Eling D, Surkan PH, Enayati S, El-Khatib Z. 2018. Sex differences and risk factors
for diabetes mellitus: an international study from 193 countries. Global Health
14(1):1-7 DOI 10.1186/s12992-018-0437-7.

Gunadi , Hakim MS, Wibawa H, Marcellus, Setiawaty V, Slamet , Trisnawati I,
Supriyati E, El Khair R, Iskandar K, Afiahayati, Siswanto , Irene , Anggorowati
N, Daniwijaya EW, Nugrahaningsih DAA, Puspadewi Y, Puspitarani DA, Tania
I, Vujira KA, Ardlyamustaqim MB, Gabriela GC, Eryvinka LS, Nirmala BC,
Geometri ET, Darutama AA, Kuswandani AA, Lestari, Irianingsih SH, Khoiriyah
S, Lestari I, Ananda NR, Arguni E, Nuryastuti T, Wibawa T. 2021. Is the infection
of the SARS-CoV-2 delta variant associated with the outcomes of COVID-19
patients? Frontiers in Medicine 8:780611 DOT 10.3389/fmed.2021.780611.

Kheshti R, Aalipour M, Namazi S. 2016. A comparison of five common drug-drug
interaction software programs regarding accuracy and comprehensiveness. Journal
of Pharmacy Practice and Research 5:257-263 DOI 10.4103/2279-042X.192461.

KopelJ, Perisetti A, Roghani A, Aziz M, Gajendran M, Hermant G. 2020. Racial
and gender-based differences in COVID-19. Frontiers in Public Health 8:418
DOI 10.3389/fpubh.2020.00418.

Krska J, Cox AR. 2019. Adverse drug reactions. In: Clinical pharmacy and therapeutics.
Sixth edition. Oxford: Elsevier Limited.

Larasati AK, Nisa M, Yumna NF. 2021. Potential drug interactions analysis of COVID-
19 patients at hospital in West Java. Scientific Journal of Pharmacy 17(2):181-196
DOI 10.20885/jif.vol17.iss2.art8.

Li X, Zhong X, Wang Y, Zeng X, Luo T, Liu Q. 2021. Clinical determinants of the sever-
ity of COVID-19: a systematic review and meta-analysis. PLOS ONE 16(5):e0250602
DOI 10.1371/journal.pone.0250602.

Mahboobipour AA, Baniasadi S. 2020. Clinically important drug-drug interactions
in patients admitted to hospital with COVID-19: drug pairs, risk factors, and
management. Drug Metabolism and Personalized Therapy 36(1):9-16.

Papp J, Sandor B, Vamos Z, Botor D, Toth A, Rabai M, Kenyeres P, Cseplo P, Juricskay
I, Mezosi E, Koller A, Toth K. 2014. Antiplatelet effect of acetylsalicylic acid,
metamizole and their combination—in vitro and in vivo comparisons. Clinical
Hemorheology and Microcirculation 56(1):1-12 DOI 10.3233/CH-2012-1636.

Patel RI, Beckett RD. 2016. Evaluation of resources for analyzing drug interactions. Jour-
nal of the Medical Library Association 104(4):290-295 DOI 10.3163/1536-5050.104.4.007.

WangZ, LiuY, WeiL, JiJS, LiuY, Liu R, Zha Y, Chang X, Zhang L, Liu Q, Zhang Y,
ZengJ, Dong T, Xu X, Zhou L, He ], Deng Y, Zhong B, Wu X. 2022. What are the

Rahmadani et al. (2023), PeerJ, DOI 10.7717/peerj.15072 13114


https://peerj.com
http://dx.doi.org/10.1016/j.gaceta.2021.10.085
http://dx.doi.org/10.1016/j.jiph.2020.07.014
http://dx.doi.org/10.1186/s12992-018-0437-7
http://dx.doi.org/10.3389/fmed.2021.780611
http://dx.doi.org/10.4103/2279-042X.192461
http://dx.doi.org/10.3389/fpubh.2020.00418
http://dx.doi.org/10.20885/jif.vol17.iss2.art8
http://dx.doi.org/10.1371/journal.pone.0250602
http://dx.doi.org/10.3233/CH-2012-1636
http://dx.doi.org/10.3163/1536-5050.104.4.007
http://dx.doi.org/10.7717/peerj.15072

Peer

risk factors of hospital length of stay in the novel coronavirus pneumonia (COVID-
19) patients? A survival analysis in southwest China. PLOS ONE 17(1):e0261216
DOI 10.1371/journal.pone.0261216.

Yuniar Ramadhiani AR, Asyifa D, Putri WKA, Apriliana WS. 2021. Potensi interaksi
obat pada pasien COVID-19 dengan komorbid di Bangsal Ogan RSUP Dr. Moham-
mad Hoesin Palembang periode April-Juni 2021. Majalah Farmaseutik 18(1):43-50.

Rahmadani et al. (2023), PeerJ, DOI 10.7717/peerj.15072 1414


https://peerj.com
http://dx.doi.org/10.1371/journal.pone.0261216
http://dx.doi.org/10.7717/peerj.15072

JOURNALS v PUBLISH v COMMUNITIES v LOGIN q

Search articles “\ ¢ PeerJ

Life & Environment

B Download Factsheet @ Submission Guidelines Get Content Alerts n Submit Article

The open access journal for life and environment



JOURNAL FACTSHEE

““\
N

—

T

The Journal of Life and Environmental Sciences

The peer-reviewed & Open Access journal publishing primary

research and reviews in biology, life sciences, environmental

sciences, and medicine.

Reputation

Publishing high-quality research
From the world’s top institutions
Professional & experienced team

More than 125 years publishing
experience

Industry-leading service
95% of authors recommend us

Institutional publishing
148 institutions signed up

Audience

Widely read and cited
500,000 monthly views?,
56,000 content alert subscribers

Regular press coverage
In top outlets across US, EU & world

Comprehensively indexed
Web of Science, MEDLINE, JCR,
PubMed, Scopus, Google Scholar, ++

Peer review

Robust, Developmental review
1 editor, 2+ reviewers

Excellent review quality
Above average quality and depth

Signed reviews (optional)
Opt-in to fair and transparent science

Editors & Advisors
1,933 Editors and Advisors

@ Mina J. Bissell
Lawrence Berkeley Nat. Lab
@ John Gurdon

University of Cambridge
e Dorothy Bishop

University of Oxford

G Mario R. Capecchi
University of Utah

Publishing Made Easy

Relaxed reference formatting
Clarity is the only requirement

Press release & sharing tools
Maximize readership of your work

Great looking articles
Fully typeset article proofs

Straightforward submission
Easy to use, fast and loved by
authors

Peer.

Life & Environment

Years publishing
Subjects

Articles published
Monthly views
Publication speed
Impact Factor
Scimago Ranking
SNIP

Citescore

* All journals

10

125
15,694
500,000*
30 days’
3.06
0.695
0.894
5.1

T Median days to 1st decision

peerj.com/life-environment



https://peerj.com/life-environment
https://peerj.com/search/?q=&t=&type=editor&subject=&journal=peerj
https://peerj.com/search/?q=&t=&type=editor&subject=&journal=peerj
https://peerj.com/benefits/#reputation
https://peerj.com/benefits/peer-review-timeline
https://peerj.com/benefits/#excellent-publishing-tools
https://peerj.com/benefits/#broad-audience
https://peerj.com/life-environment

T Sy ot N YIVIEIN = o P e~ n 'S
PeerJ JOURNALS v PUBLISH v COMMUNITIES W LOGIN \ Y

""""" = T Tt e e

Medicine
e PeerdJ - Medicine articles
e PeerJ - Biology & Life science articles
Sorted by citationse PeerdJ - General bio (stats, legal, policy, edu)
e Publication date e

o Citations e Peerd Computer Science
e Downloads °
o Pageviews e Peerd Preprints

Login to save + alerts

June 6, 2023

Reliability of sonographic measurements of the ulnar collateral ligament: a
multi-rater prospective study

Shawn D. Felton, Arie J. Van Duijn, Mitchell L. Cordova

https://doi.org/10.7717/peerj.15418 PubMed 37304881

June 6, 2023
Fasudil may alleviate alcohol-induced astrocyte damage by modifying_lipid
metabolism, as determined by metabonomics analysis

Huiying Zhao, Xintong Li, Yongqi Zheng, Xiaofeng Zhu, Xunzhong Qi, Xinyan Huang, Shunjie Bai, Chengji Wu,
Guangtao Sun

https://doi.org/10.7717/peerj.15494 PubMed 37304877

June 15, 2023

Psychological changes in athletes infected with Omicron after return to
training: fatigue, sleep, and mood

Chenhao Tan, Jinhao Wang, Guohuan Cao, Yelei He, Jun Yin, Yudan Chu, Zhizhong Geng, Longji Li, Jun Qiu
https://doi.org/10.7717/peerj.15580 PubMed 37337583

June 27, 2023
Assessment of health promotion behavior and associated factors among_the
northern Saudi adolescent population: a cross-sectional study

Thamer Alshami M. Alruwaili, Saad Abdullah K. Alshehri, Ashokkumar Thirunavukkarasu, Mohamed Shawky
Elfarargy, Khalid Tariq Alanazi, Khalid Muharib R. Alruwaili, Yousef Salman Abdullah Alanezi, Abdulelah Abdulhadi
Alruwaili

https://doi.org/10.7717/peerj.15567 PubMed 37397023

June 28, 2023



y —~ o P e~ n 'S
H v CUNMUNITIES Vv LUGIN A

Peer JOURNALS v

https://doi.org/10.7717/peerj.15564 PubMed 37397014

T
c
vy}
-
[9))

June 6, 2023

Influence of geographic origin and tissue type on the medicinal chemical
compounds of Semiliquidambar cathayensis

Xiaoming Tian, Hao Lv, Guangfeng Xiang, Jing Peng, Gaofei Li, Yan He, Fan Zhang, Cun Mou
https://doi.org/10.7717/peer].15484 PubMed 37304883

June 28, 2023

Potential drug-drug_interactions and their associated factors in hospitalized
COVID-19 patients with comorbidities

Imanda Dyah Rahmadani, Sylvi Irawati, Yosi Irawati Wibowo, Adji Prayitno Setiadi
https://doi.org/10.7717/peerj.15072 PubMed 37397011

June 12, 2023

Analysis of brain activation and wave frequencies during a sentence
completion task: a paradigm used with EEG in aphasic participants
Claudia Lima, Jeferson Andris Lopes, Victor Souza, Sarah Barros, Ingrid Winkler, Valter Senna
https://doi.org/10.7717/peerj.15518 PubMed 37334126

June 13, 2023

Collateral damage: has the COVID-19 pandemic more strongly impacted
medical research than other scientific areas?

Alejandro Farji-Brener, Sabrina Amador-Vargas

https://doi.org/10.7717/peerj.15436 PubMed 37334115

» < Previous
o1
2
3
o Next —
Archives - Medicine

2023

e December
¢ November
e October

e September
e August



SIR

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

by Google

Ad options | Send feedback




Peerd &

COUNTRY SUBJECT AREA AND CATEGORY PUBLISHER H-INDEX
United States Agricultural and Biological Sciences PeerJ Inc.
Agricultural and Biological Sciences

{miscellanecus)

Biochemistry, Genetics and Molecular
Blology
Biochemistry, Genetics and Malecular
Biology (miscellaneous)

Medicine
Medicine (miscellaneous)

Neuroscience
Meuroscience (miscellaneous)

Google

Send feedback

PUBLICATION TYPE ISSN COVERAGE INFORMATION

Joumals 21678359 2013-2022 Homepage
How to publish in this journal

editor@peerj.com

SCOPE

PeerJ, the journal, is now divided into separate Sections by field. Section Editors have oversight of their section to ensure the journal maintains a fair peer review process and the highest
standards of scientific practice in their fields. Within each Section, the Academic Editors regularly identify and highlight the most important new PeerJ publications in their field. Aquatic
Biology Biochemistry, Biophysics and Molecular Biology Biodiversity and Conservation Bioinformatics and Genomics Brain and Cognition Ecology Envi | Science Microbiology
Paleontology and Evelutionary Science Plant Biclogy Zoological Science.

O Join the conversation about this journal

Quartiles



FIND SIMILAR JOURNALS @

PLoS ONE Diversity

76%

®sm Mo
1.25
1
0.75
0.s
2014 2016 2018 2020 W22
® Total Cites @ Self Cites Mo
a0k
20k
a
2013 205 2017 2019 2021
@ % International Collaboration = |
EL]
32
28
2013 2015 m7 2019 2021
Peer) +~— Show this widget in
your own website
Q'] wm Just copy the code below
(misceflaneous) and paste within your htm!
Dt (e de
code:
SR 2022
07 <a href="https: /www.scm,

powaded by $2IMagajr com

Scientific Reports

70% 68%

® Total Documents )
4%
2
o
203 205 07 2019 am
@ Extemnal Cites per Doc @ Cites per Doz W
4
2 /
0
2013 M5 207 2019 2021
@ Citable documents @ Non citable documents YR 75
8k
&
0
203 205 27 2019 2021
G sCimago Graphica
Explore, visually
communicate and make
sense of data with our
new data visualization
tool.

Metrics based on Scopus® data as of April 2023

HAA

11 menths ago

Is it free to publish articles in this journal ?

= 1Eply

Melanie Ortiz

=
@ 1 months ago
Dear HAA,

Thank you for contacting us.

® Cited d

8k

4k

3

Genetics and Molecular
Biology

67%

Citations per document

35

28

21

0.7

2013

ms

Molecular Biology Reports

64%

207 209

@ Cites / Doc. (4 years)
@ Cites / Doc. (3 years)
@ Cites / Doc. (2 years)

® Uncited o

2015 2017 2019

We suggest you visit the journal's homepage or contact the joumal's editorial staff , so

they could inform you mare deeply.
Best Regards, SCImago Team

JUAN

1 year ago

‘What is the Quartile rank of BIDINFORMATICS AND GENOMICS: hitps://peerj.com/sections

!

Ies-genormi

= 1eply

X B

202

20



[ sCimagoTeam |
@ Melanie Ortiz oo oo
Dear Juan,
Thank you for contacting us. The SJR and Quartiles are associated to thejournal’s ISSN. If
the section you menticned is part of the same journal, it inherits all the scientometric
indicators of the journal to which it belongs,
Best Regards, SCImago Team

s ago

o Megersa Abdisa Debelo
how can i publish paper in the area of nanotechnology? please!

= reply
[ scimago Team ]
@ Melanie Ortiz =~ -0 o0
Dear Megersa,
Thank you for contacting us.

We suggest you use the Journal Rankings’ Search Tool shown on our website, as the
journals can be filtered by Subject Area/ Category:
https:{/www.scimagojr.com/journalrank php

Best Regards, SClmago Team

o HubngNgs o 0

What is different between Peerd - Life

Melanie Ortiz

Dear Huéng,
Thank you for contacting us. Could you please expand a little bit on your comment?
Best Regards, SCImago Team

o Hilal Altudal Duru o

Is PeerJ Sci-e indexed and Q17 And s Peerd life and enviroment different PeerJd? There are lots of
journal in PeerdJ. I did not exactly sure which one is Sci.| send PeerJ life and enviroment. But i have

some hesitate.
Thank you so much.
= renly
= [ scimagoTeam |
@ Melanie Ortiz === oo
Dear Hilal,
‘Thank you for contacting us.
SJRis a portal with s ic indi of j s indexed in Elsevier/Scopus.

Unfortunately, we cannot help you with your request referring to the index status. We

suggest you consult Scopus database (see the current status of the journal) or the
database for further inf ion

Best Regards, SClmago Team

ago

° sebastian amaya

The Journal Peer. Physical Chemistry, does not appears in scimago?. its ok or is info any other
classification? or it is into the PeerJ general classification?

= reply
[ sCimagoTean |
@ Melanie Ortiz o0 o0
Dear Sehastian,
Thank you for contacting us. Apparently, only these two PeerJ journals are indexed in
Scopus:

PeerJ ISSN 2167-8359 https//www.scopus.comy/sourceid/21100239256
PeerJ Computer Science ISSN:2376-5992 https:/'www.scopus_comy/sourceid
/21100830173



We suggest you contact Scopus support for further details here:
hitps: /service. elsevier. com/app/answers/detail/a_id/14883/kw/scimago/supporthub
/scopus/

Best Regards, SCimago Team

Mahadi L " in g -
3 years

Is PeerJ Preprints same as PeerJ?

Patricia Romano |

Melanie Ortiz =~ o000 000

Dear Mahadimenakbar,

Thank you for contacting us. It seems that PeerJ Preprints and PeerJ have different ISSN
numbers,

Best Regards, SCimago Team

‘What is the meaning of (miscellanecus) related to the subject area? For example, which is the

difference between Medicine or Medicine {miscellaneous) as a subject area?

&

o Manar Nabolsi

Melanie Ortiz =~ 0

Dear Patricia,

Thank you for contacting us. The word “Misc.” indicates the differente between the
Subject Area and Subject Category, as it is associated to the most general Category of an

Area with the same name.

Best Regards, SCimago Team

What is the Quartile rank of Peerj Medicine
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Dear Manar, thank you very much for your request. You can consult that information in
SJR website, Best Regards, SCimago Team

RCAFTCHA

[



The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a
specific journal. The purpose is to have a forum in which general doubts about the processes of publication in the
journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.
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