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Abstract

The coronavirus disease 19 (COVID-19) infection requires major efforts in healthcare systems, due to the high risk
of mortality, particularly in subjects with significant comorbidity (>2 pathologies) and polypharmacy (>5 drugs).
The treatment of COVID-19 needs a careful evaluation, to reduce the risk of potentially adverse drug reactions. The
aim of the study was to examine the use of computerized prescription support in the management and treatment of the
COVID-19 infection. We evaluated n.33 patients (51% females) admitted to the west COVID Low-Medium Intensity
of Care of Sant’Andrea Hospital during the period March—April 2020 and n.42 subjects (50% females) admitted to
the Internal Medicine ward (as control group), by INTERCheck® and Drug-PIN®. The comorbidity (n. patholo-
gies), polypharmacy (n. drugs), and total INTERCheck score in COVID-19 patients and controls were, respectively
(mean + standard deviation): 5.8 £3.8, 7.9+4.5, and 9.2+ 7.1 and 6.8 £2.6, 8.0+ 2.6, and 4.9 + 3.8 (statistically
significant for comorbidity p < 0.01 and INTERCheck score p <0.01). The correlation between the scores obtained by
the INTERCheck and Drug-PIN software was statistically significant, either at admission (p <0.0000001) or during
hospitalization (p < 0.00000001). Both the computerized prescription support systems, INTERCheck® and Drug-PIN®,
are useful to better characterize the patients and to ameliorate the drugs prescriptions in COVID-19 infection, with
particular attention to the elderly population.
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Introduction The elderly population is particularly vulnerable, due to

the presence of comorbidity (two or more pathologies) and

The coronavirus disease 19 (COVID-19) infection has
required major efforts in healthcare systems, mainly to
protect elderly subjects at high risk of mortality [1, 2].
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polypharmacy (five or more drugs, the most commonly
reported definition of polypharmacy) [3, 4]. Recent exper-
imental therapies for the treatment of COVID-19 need a
careful evaluation, to reduce the risk of potentially adverse
drug reactions (ADRs) [5-7]. In a case—control study con-
ducted in a Brazilian hospital from March to April 2020,
the presence of any adverse drugs reaction involved about
half group of the hospitalized patients with COVID-19 [8].
Adherence to the local/national/international guidelines
and training programs to enhance the skill of healthcare
professionals has been suggested, in order to reduce the
risk of ADRs [9, 10].

The aim of the study was to evaluate the use of com-
puterized prescription support in the management of the
complex comorbidity and polypharmacy in COVID-19
infection.
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Materials and Methods

The study was conducted as a case—control observational
study, in which the exposed subjects are not randomized
(the sample size calculation was not suitable). The inclu-
sion/exclusion criteria for the case/control group were
the presence/absence of COVID-19 infection. Thirty-
three patients (mean + standard deviation, m+ SD, age
72 + 17 years, range 35-97; 51% females) were consecu-
tively admitted to the west COVID Low-Medium Intensity
of Care of Sant’Andrea Hospital on March—April 2020,
with infection of COVID-19, as an unselected sample.
After an informed consent, every subject underwent a
complete clinical assessment, including the evaluation of
the polypathology (by the means of the Cumulative Illness
Rating Scale, with the Severity Index and Comorbidity
Index, -SI and -CI) [11], pharmacological history (drug
number and dosage), hemodynamic parameters (systolic
and diastolic blood pressure, heart rate, electrocardiogra-
phy with QTc interval measurements), and blood chem-
istry tests (with estimation of glomerular filtration rate
using the Chronic Kidney Disease Epidemiology Collabo-
ration equation) [12]. According to our local guideline
and ethical committee (DS n.48, 23rd of March, 2020;
Prot. n. 52 SA_2020, CE 5773_2020) [13, 14], we used
the computerized prescription support systems to examine
the drug-drug interactions and physiological suitability in
polypharmacy [15]. The drug-drug interaction risk was
analyzed using the INTERCheck® software and the Drug-
PIN® (Personalized Interactions Network) tool. By using
the INTERCheck® computerized support, the potential
DDIs according to their clinical relevance are divided in
contraindicated (class D, drug combinations that should
be avoided); major (C, drug combinations that need close
monitoring for potentially serious clinical consequences);
moderate (B, drug combinations requiring dose adjust-
ment); and minor (A, drug combinations with no known
clinical relevance) [16]. The INTERCheck® total score
was the sum of all obtained interactions.

The Drug-PIN® software analyzed the whole therapy
of each patient after inclusion of available data (current
drugs, morbidities, age, gender, habits, laboratory data,
and eventually genetic data), calculating the risk score for
the current therapy and considering physiological suit-
ability in polypharmacy (like kidney and liver function
in general as well as metabolic compatibility of drugs
among each other). The Drug-PIN® software permits a
fine-tuning of the therapy, selecting drugs in the ranked list
of alternative medications to achieve the optimal therapy
[17-20, 21].

Forty-two patients (m+ SD age 81 + 8 years, range
68-101; 50% females), consecutively admitted in the same
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period to the Internal Medicine ward (without COVID-19
infection), were considered as control group.

The statistical analyses were performed using Primer
of Biostatistics (version 7, SE Glantz, 2011). The one-way
analysis of variance (ANOVA) was used to compare data
(age, comorbidity, CIRS-SI and -CI scores, number of drugs,
QTc intervals, CKD-EPI rates, INTERCheck total scores)
between the groups (cases and controls). The z-test was used
to compare the proportion of the mortality (cases and con-
trols). The association between the two variables (INTER-
Check® software and the Drug-PIN®) was assessed using
by simple linear regression models. A value p <0.05 was
considered statistically significant.

Results

The patients with COVID-19 infection had a high comor-
bidity (>2 comorbidity in 91% of cases, 5.8 + 3.8 patholo-
gies per patient) and polypharmacy (>2 drugs in 91% of
cases, 7.9 +4.5 drugs per patient); 85% of the patients were
exposed to at least one potential DDI, and 73% were exposed
to at least one potentially severe DDI (mean severe DDI
class C+ D for patient=99/33 =3.0) that increased to 94%
during hospitalization and antiviral treatment, as evaluated
by INTERCheck. The control group (n.42) presented > 2
comorbidity in 71% of cases (6.8 +2.6 pathologies per
patient) and > 2 drugs in 100% of cases (8.0 +£2.6 drugs for
patient); 88% of the patients exposed to at least one potential
DDI (at least one potentially severe DDI in 64% of cases,
mean severe DDI class C+D for patient=99/33=1.9)
(Fig. 1). The differences of age, comorbidity, CIRS-SI and
-CI, glomerular filtration rate by CKD-EPI, INTERCheck
total score, and intra-hospital mortality between controls
and patients with COVID infection were statistically signifi-
cant (Fig. 1) (controls versus COVID patients age p <0.01,
comorbidity p <0.01, CIRS-SI p<0.001 and -CI p <0.01,
glomerular filtration rate p < 0.025, INTERCheck total score
p <0.01, and intra-hospital mortality p <0.01).

The correlation between the scores obtained by the
INTERCheck and Drug-PIN software was statistically
significant, either at admission or during hospitalization
(Fig. 2) (p <0.0000001 and p <0.00000001).

Discussion

Recent evidence in the literature described the clinical char-
acteristics of COVID-19 hospitalized patients (n.23, m=+SD
age 76.1 +14.4, 45.5% females) and their related ADRs
(evaluated by Drug Interaction Checker and IBM Microme-
dex®) of the COVID-19 Units of Careggi University Hos-
pital, Florence (Italy), between January and May 2020 [22].
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Fig. 1 Clinical features of 1000 7
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CIRS-CI N.drugs QTc¢ CKD-EPI INTERCheck Mortality %

tot.

the treatments for COVID-19 were all risk factors for drug-
drug interactions (DDIs).

Cattaneo D et al. [23] also presented the clinical features
of the patients (n.502, m+ SD age 61+ 16 years, range
15-99; 33% females) with COVID-19 infection hospital-
ized between February and April 2020 in the Department
of Infectious Diseases of Luigi Sacco Hospital (Milan,
Italy). The comorbidity (89% of patients with >2 comor-
bidity, mean per patient=1.7) and the polypharmacy (79%
of patients treated with > 2 drugs) were significant. Overall,
68% of the patients with COVID-19 infection were exposed
to at least one potential DDI, and 55% were exposed to at
least one potentially severe DDI (mean severe DDI class
C+ D for patient=1329/399 =3.3), as revealed by INTER-
Check [17, 23]. The proportion of patients experiencing
potentially severe DDIs increased to 80% during hospitali-
zation, mainly due to the antiviral treatment.

A high prevalence of ADRs among patients (n.188) with
COVID-19 (48.5% versus 28.8% in controls n.66, p=0.008)
was recently described in a Brazilian study [8]. They also
evaluated the ADRs and drug-drug interactions by the means
of IBM Micromedex ®, Up To Date electronic databases,
and the Credible Meds website (http://www.crediblemeds.
org, for the potential risk for QT interval prolongation) [8].

In our preliminary study, the control group presented
higher mean age and comorbidity (with higher CIRS-SI
and -CI) and decreased renal function (with reduced glo-
merular filtration rate by CKD-EPI equation), as previously
described [24]. Besides, the patients with COVID-19 infec-
tion presented a higher risk of polypharmacy (with higher
total INTERCheck score) and intra-hospital mortality. Both
the computerized prescription support systems described the
risk associated to the polypharmacy, as demonstrated by the
linear regression analysis.
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The severity of the COVID-19 infection has been recently
reported, describing cardiovascular disorders (like myocar-
ditis, pericarditis, and acute hearth failure), cytokine release
syndrome, central sympathetic hyperactivation (with Takot-
subo syndrome and atrial fibrillation), acute kidney or liver
injury, brain damage (acute confusion or delirium), in addi-
tion to the severe pulmonary insufficiency with involvement
of the coagulation pathway and superinfections [25-28].

Therefore, the mortality of COVID-19 patients is propor-
tionally higher with increasing age, especially in those with
pre-existing comorbidities. Our results about the mortality in
COVID-19 infection are consistent with the Chinese Center
for Disease Control and Prevention report on a large sample
(n.72314 cases) of COVID-19 infection in China, indicated
an overall case-fatality rate (CFR) of 2.3%, that increases
with age to 14.8% in patients > 80 years, up to 49.0% among
critical cases [29]. Preexisting comorbidity (such as car-
diovascular disease, diabetes, chronic respiratory disease,
hypertension, and cancer) significantly increased mortality.

In a systematic review and meta-analysis, older age was
found to be significantly associated with the COVID-19
disease severity, as well as male sex, comorbidity (41% of
cases, with RR 1.72 p <0.001), chronic kidney disease (RR
7.10 p<0.001), chronic obstructive pulmonary disease, dia-
betes, cardiovascular/cerebrovascular disease, and smoking
[30].

Conclusions

In conclusion, we found a high comorbidity (mean =+ stand-
ard deviation, 5.8 + 3.8 associated diseases) and polyp-
harmacy (m+SD, 7.9 +4.5 drugs) that were involved in
COVID-19 infection and related to the increased mortality.
Both the described computerized prescription support sys-
tems, INTERCheck® and Drug-PIN®, were useful to better
characterize the patients and to ameliorate the drug prescrip-
tions in COVID-19 infection, with particular attention to the
elderly population.
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