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1. Background

Recent years, particularly the COVID-19 pandemic, can be considered a turning
point for pharmacovigilance and pharmacoepidemiology in terms of their role in drug
safety and drug utilisation monitoring in clinical practice [1]. Researchers operating in
the fields of pharmacovigilance and pharmacoepidemiology have extensive knowledge
about approved medications, many of which have been or are currently undergoing clinical
trials for repurposing. In this context, clinical pharmacologists’ knowledge can be used
and translated to optimise dosing and treatment regimens and to assess the relationship
between active compound exposure and adverse drug reactions (ADR) or adverse events
following immunisation (AEFI), with the crucial aims of optimising drugs or vaccines’
efficacy and ensuring patients’ safety.

2. Pharmacovigilance

Adverse drug reactions represent a relevant clinical issue, causing each year a signifi-
cant number of medical consultations, emergency department (ED) visits, and/or patients’
hospitalisations [2], including an increase in the length of patients’ hospital stay. ADRs
are considerable medical occurrence, not only from a clinical point of view, but they also
represent an economic burden, since they can be involved in the death of several thousand
patients each year, accounting up for a not negligible percentage of a hospital’s budget [3].
This scenario is even more complex if we consider that many ADRs are predictable and
therefore preventable.

Drug and vaccine safety surveillance is a continuous process, which includes all the
phases of the life cycle of a drug/vaccine. Additionally, also surveillance of the safety
of products belonging to complementary and alternative medicine (CAM), defined as
phytovigilance [4], contributes to guaranteeing the safety of patients.

During the drug development process, safety is investigated in different preclinical
and clinical phases. Although drug and vaccine safety evaluation is very rigorous and
highly regulated, randomised clinical trials (RCTs) have several limitations, which include
limited numbers of patients, strict eligibility criteria, and limited duration. These intrinsic
characteristics of RCTs make their results far from representing the real-world population,
thus not allowing an exhaustive assessment of the safety profile of drugs and vaccines.
Consequently, post-marketing surveillance, also known as pharmacovigilance (during
phase IV of drug development), plays a key role in better defining drugs’ and vaccines’

J. Clin. Med. 2022, 11, 3552. https://doi.org/10.3390/jcm11123552 https://www.mdpi.com/journal/jcm1



J. Clin. Med. 2022, 11, 3552

safety profiles in clinical practice, overcoming the gap of evidence derived from the pre-
marketing phases [5,6]. These aspects are even more relevant if we consider that most CAM
products (i.e., dietary supplements, herbal supplements, traditional Chinese medicine
products, homoeopathic products, etc.) are placed on the market without first being tested
on humans, even less in frailer subgroups [6].

In the last decades, spontaneous reporting of suspected ADRs, AEFIs, and adverse
events associated with CAM products, has represented the starting point and the milestone
to build the modern pharmacovigilance system which is currently operating, although
with differences between countries, all over the world under the coordination of the World
Health Organisation Uppsala Monitoring Centre. More recently, new methodological
approaches have become necessary in the field of pharmacovigilance, to try to overcome
the limits of spontaneous reporting, particularly the underreporting [2].

An important example is represented by active pharmacovigilance projects, aimed at
estimating the impact of ADRs, AEFIs, and adverse events associated with CAM products
through continuous pre-organized activities in specific clinical settings (i.e., ED, hospital
ward, nursing home, etc.) [2,5] or through the analysis of local or national administra-
tive healthcare databases (i.e., dispensed drugs, emergency department records, hospital
discharge records, exemption codes, etc.) [7].

In the frame of ED, active pharmacovigilance represents a valuable methodology,
allowing healthcare professionals and researchers to detect, collect and characterise the clin-
ical burden of ADRs [6], AEFIs [8], and adverse events associated with CAM products [9,10]
in outpatients. Furthermore, active pharmacovigilance may help to recognise risk factors
associated with adverse reactions among specific patient populations, such as the elderly
(age ≥ 65 years) [11], women [7], including those in pregnancy or breastfeeding [12,13],
children [14], subjects exposed to polypharmacy, or patients affected by substance use
disorder [15]. In this framework, an active pharmacovigilance approach can help to
early recognise and prevent adverse reactions, minimising their clinical, economic and
social impact.

In recent years, new technologies are also making an important contribution to active
pharmacovigilance. In particular, machine learning, deep learning, and natural language
processing approaches can be used to detect adverse reactions from unconventional data
sources, e.g., social media [16,17], and to discover safety signals, underlying some adverse
reactions not yet reported [18]. Moreover, safety data collected from healthcare social
networks and forums, general social networking, and search logs can be processed by big
data sentiment analysis algorithms to provide a more comprehensive picture of the public
opinion, experiences, and sentiments about drugs and vaccines [19], and can be used to
create effective public health campaigns on drugs/vaccines safety, diseases prevention or
to fight vaccine hesitancy [20].

3. Pharmacoepidemiology

Pharmacoepidemiology refers to the study of interactions between drugs, vaccines,
or CAM products and populations. In particular, it can be defined as the study of the
utilisation, therapeutic effects, and risks of different health products through several epi-
demiological approaches. Even though RCTs may be preferred for evaluating the efficacy
of a drug or a vaccine, the principal aim of the pharmacoepidemiological method is to
estimate drug or vaccine effect in real life (effectiveness), avoiding, as much as possible,
any modification caused by the study itself (i.e., presence of biases). From a practical
point of view, pharmacoepidemiology relates to descriptive methodologies (i.e., describing
the use of a drug in a specific demographic or clinical setting) [21], as well as to etiologic
methodologies (i.e., estimating the association between drug exposure and a specific clinical
outcome) [22]. Researchers operating in the field of pharmacovigilance, first the clinical
pharmacologist, can use pharmacoepidemiological studies to identify unexpected or rare
safety issues and detect changes in frequency of expected ADRs/AEFIs, making possible a
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continuous monitoring of the benefit risk ratio of a drug, vaccine or CAM product in the
real-world setting [5].

New evidence concerning drug safety obtained through pharmacoepidemiological
approaches is relevant for pharmaceutical industries because they can use this information
to submit amendments to the approved indications for their products. In fact, pharma-
coepidemiology allows industries to demonstrate the safety of their products, especially
compared to others (comparative observational studies). Furthermore, it is also funda-
mental for regulatory agencies, for physicians, and patients using health products. In
this context, there is a clear need for high-quality epidemiological research in the post-
marketing phase for the timely identification of any significant safety concerns that arise
when a drug, vaccine, or CAM product is used in the real-world “uncontrolled” setting.
All this is mandatory to protect the health and quality of life of patients.

Over the past decades, more data has become increasingly available due to the con-
stant growth of administrative healthcare databases, in particular those reporting data on
prescription drugs. This circumstance has enhanced the improvement of pharmacoepidemi-
ology, a dynamic research field that has undergone a more rapid development than many
other research areas of pharmacology and clinical pharmacology. Evidence proliferation in
modern society will continue, and population-based observational studies (i.e., cohort and
case control studies) aimed at assessing the effectiveness (defined as the extent to which a
drug achieves its intended effect in the usual clinical setting) and safety of drugs, vaccines,
and CAM products will be increasingly requested by industry, regulatory agencies, payers,
healthcare professionals, patients, and caregivers.

The availability of electronic healthcare databases will enable researchers operating in
the fields of pharmacovigilance and pharmacoepidemiology to identify a growing number
of cases in which effectiveness does not match efficacy. This will challenge the actions of
all concerned stakeholders. For these reasons, pharmacoepidemiological studies will also
be increasingly requested by reimbursement agencies and other payers to assess the value
of health products used in the general population. In conclusion, it is essential that the
increasing amount of data collected to monitor the utilisation, effectiveness, and safety
of new drugs, vaccines, and CAM products will be used to improve clinical decision-
making. In this complex scenario, the clinical pharmacologist will certainly have to play an
important role, in concert with the other actors involved in the post-marketing setting.

4. The Role of the Clinical Pharmacologist

In the real-world setting, there are two different actors in the issue of ADRs: the
healthcare professional (i.e., medical doctor, pharmacist, nurse, etc.) and the citizen/patient.
While they are directly involved, in cooperation with universities, regulatory authorities,
and drug manufacturers, the figure of the clinical pharmacologist (with a medicine or
pharmacy single-cycle degree background) has also a pivotal role in the management of
adverse reactions. However, his/her role is still often underestimated and underused [23].

Generally, the clinical pharmacologist has a dual background, in biomedical science
and in pharmacology. Furthermore, a clinical pharmacologist will often be trained in
biostatistics and pharmacoepidemiology. For example, in Italy, to become a clinical pharma-
cologist, a single-cycle master’s degree in healthcare (i.e., medicine or pharmacy), followed
by a doctorate and/or a specialisation in clinical pharmacology and toxicology is needed.
Clinical pharmacologists operate in universities, industry, regulatory authorities, and hos-
pitals. In fact, their activities comprehend teaching in biomedical schools, research in the
public or industry fields, regulatory affairs, and hospital activities.

In Italy, the main healthcare professionals that are involved in pharmacovigilance
are hospital pharmacists. However, while the hospital pharmacist is directly involved in
the management of pharmacovigilance report forms, including all activities related to the
proper functioning of the national pharmacovigilance system, clinical pharmacologists
have a unique insight into the possible mechanism of the putative adverse reaction, the
underlying or concomitant diseases, and the possibility of drug–drug, drug–CAM or
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drug–disease interactions [1,24]. Thus, more recently, hospital pharmacists have been
supported by one or more clinical pharmacologists, and their cooperation at both hospital
and territorial level enhance the knowledge of drug safety in the pre- and post-marketing
settings. Moreover, the clinical pharmacologist may enhance the quality of information
and may help in the interpretation of data collected during adverse events reporting. This
could be of utmost importance for modern projects of active pharmacovigilance when the
clinical pharmacologist can play the role of a trained monitor.

At the individual patient level, the clinical pharmacologist could be involved in the
resolution of several drug-related issues, which can vary from some advice regarding drug
administration, to the choice of a drug in specific population subgroups, such as pregnant
women. Indications in adverse reactions management can be based on literature evidence
or on knowledge of drugs’ pharmacokinetics and pharmacodynamics, or they may be part
of a more proactive approach. In proactive and preventive approaches, the clinical phar-
macologist could take part in the resolution/prevention of adverse reactions, cooperating
with other healthcare professionals to improve the appropriateness of use of drugs and
CAM products and to increase personalised medicine [25]. Moreover, new technologies for
adverse reactions monitoring could be improved by clinical pharmacologists’ knowledge.
These new applications and tools can be designed taking into account many aspects of
pharmacology, pharmacoepidemiology, and pharmacological use in real clinical practice in
which the clinical pharmacologist is an expert.

During the SARS-CoV-2 pandemic, great attention was paid to the risk associated with
the involuntary intoxication and to the need for correct information concerning the in-home
utilisation of several medical and non-medicinal products (i.e., cleaners and disinfectants,
medical devices, etc.), thus representing a further field of action in which the clinical
pharmacologist can guarantee a fundamental contribution [26]. Actually, the role of clinical
pharmacologists, particularly those working in a poison control center, is valuable in the
identification and management of exposures and suspected intoxications in the general
population or in specific subgroups [27].

5. Future Perspectives

Real-world data are crucial to further establish the safety profile of pharmacological
treatments in the general population [28]. As a next step, real-world data from electronic
healthcare databases may be used in pharmacovigilance and pharmacoepidemiology to
monitor drug utilisation patterns, as well as the effectiveness and safety of drugs in large
populations. Big data and machine learning analysis technologies could be used to extract
and aggregate pharmacovigilance data from different and unrelated sources (i.e., health
insurance companies, academic institutions, healthcare systems, etc.) and associate relevant
information on drug safety using artificial intelligence tools [29]. All these approaches will
be particularly useful in the near future for the monitoring of COVID-19 vaccines’ safety.
Moreover, among new technologies, gamification is another promising technology with
several potential uses in drug safety. Gamification applications transfer gaming dynamics
to the “serious context” of pharmacological therapies, for example, to educate health
professionals [30] and patients [31] on the correct management of chronic diseases or to
improve adherence to drug treatments thus reducing adverse events [32]. In this context,
“digital therapeutics” (algorithms and software) can represent an innovative approach
through which the clinical pharmacologist can improve the management and safety of
pharmacological and/or integrative treatments [33].

As the amount of data available from randomised controlled trials and pharmacoepi-
demiological studies will increase over the coming years, the characteristics of adverse
events related to medicines, vaccines or CAMs will become clearer and the central role
of the clinical pharmacologist should become even more relevant. Managing adverse
events should be a routine activity for clinical pharmacologists. This management takes
advantage of all the skills of the clinical pharmacologist to explore individual cases and
the mechanisms of adverse events. With their knowledge in pharmacovigilance and
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pharmacoepidemiology, clinical pharmacologists may play a key role by bringing vari-
ous healthcare professionals together in a proactive discussion/collaboration aimed at
improving the safety of pharmacological and/or integrative treatments in clinical practice.
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Abstract: The aim of the present study is to describe pharmacological characteristics of drug-related
allergies and anaphylaxis leading to the emergency department (ED). An 8-year post hoc analysis on
the MEREAFaPS Study database was performed (2012–2019). Subjects who experienced drug-related
hypersensitivity leading to an ED visit were selected. Logistic regression analyses were used to
estimate the reporting odds ratios (RORs) of drug-related allergies and anaphylaxis adjusting for
sex, age classes, and ethnicity. In addition, a systematic review of observational studies evaluating
drug-related hypersensitivity reactions leading to ED visits in outpatients was performed. Out
of 94,073 ED visits, 14.4% cases were drug-related allergies and 0.6% were anaphylaxis. Females
accounted for 56%. Multivariate logistic regression showed a higher risk of drug-related allergy
among males and all age classes < 65 years, while a higher risk of anaphylaxis was observed for
females (ROR 1.20 [1.01–1.42]) and adults (ROR 2.63 [2.21–3.14]). The systematic review included
37 studies. ED visits related to allergy and anaphylaxis ranged from 0.004% to 88%, and drug-related
allergies and anaphylaxis ranged from 0.007% to 88%. Both in our analysis and in primary studies,
antibacterials, analgesics, and radiocontrast agents were identified as the most common triggers
of hypersensitivity.

Keywords: hypersensitivity; drug allergy; anaphylaxis; emergency department; hospitalization;
pharmacovigilance

1. Introduction

Drug-related hypersensitivity reactions are a group of adverse drug events (ADEs) that
are generally unexpected (Type B reactions—Bizarre) [1] and characterized by symptoms or
signs initiated by exposure to a drug at dosages that are usually tolerated [2]. Following the
definition proposed by the “International Consensus on Drug Allergy”, hypersensitivity
ADEs, which occur in the first few hours after drug administration, are usually character-
ized by urticaria, angioedema, rhino-conjunctivitis, bronchospasm, and, in the most serious
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cases, also anaphylaxis [3]. Anaphylaxis is defined as a clinically relevant, generalized, or
systemic hypersensitivity ADE that can be life-threatening or fatal [3].

Although the diagnosis of the causative agent can be very difficult, pharmacological
treatments are among the leading causes of allergy and anaphylaxis-related deaths in adult
individuals and hypersensitivity ADEs remain a serious public health concern both in
outpatient and inpatient settings worldwide, due to their high morbidity, mortality, and
socioeconomic burden [4].

From an epidemiological point of view, drug-related allergies and anaphylaxis are
most frequently triggered by analgesics, antibiotics, biologics, chemotherapeutics, con-
trast media, nonsteroidal anti-inflammatory drugs (NSAIDs), and proton pump inhibitors,
again with age and geographical variations worldwide [4]. Among drug-related anaphy-
laxis, new triggers have been identified. These include biologics containing α-gal (i.e.,
cetuximab), small molecules, or novel chemotherapeutics like olaparib [5]. Disinfectants
such as chlorhexidine [6], or drug ingredients such as polyethyleneglycol [7], or recently
methylcellulose [8], have also been identified as novel substances inducing anaphylaxis.
The global incidence of anaphylaxis was estimated to be between 50 and 112 events per
100,000 person per year, with an estimated lifetime prevalence of 0.3–5.1%, depending on
the definitions used, study methodology applied, and geographical areas investigated [4,9].
Despite an increasing trend for emergency department (ED) visit and/or hospitalization
due to anaphylaxis, its mortality was estimated at 0.05–0.51 per million people/year [4,10].

Taking into consideration the last update of the World Allergy Organization Anaphy-
laxis Guidance [4], major limitations of epidemiological studies regarding drug-related
allergies and anaphylaxis reside in the lack of risk factors/triggers characterization and
lack of information on large prospective population-based studies. Moreover, most studies
do not differentiate between drug-related hypersensitivity ADEs and other kinds of ADEs,
and the diagnosis of hypersensitivity ADEs is mostly based on a suspected clinical history
or self-reporting [11].

In this context, pharmacovigilance studies, performed with an “active” approach by
trained healthcare professionals, can provide detailed information about hypersensitivity
ADEs and their diagnosis, especially when these studies are performed in a hospital setting
(i.e., ED) [12–16]. This way, “active” pharmacovigilance studies may represent one of the
best epidemiological strategies to fill the above-mentioned major limitations.

The aim of the present study was to describe pharmacological characteristics of drug-
related allergies and anaphylaxis leading to ED in Italy, estimating their risk considering
subjects’ demographic and clinical characteristics and the most frequently reported sus-
pected drug classes. Furthermore, to complete the evidence obtained with our post hoc
analysis, a systematic review of observational studies on drug-related hypersensitivity
ADEs leading to ED visit and/or hospitalization was performed.

2. Materials and Methods

2.1. Post Hoc Analysis

This is an 8-year post hoc analysis performed on the MEREAFaPS Study database [15].
A retrospective observational study was conducted by reviewing all drug-related allergies
and anaphylaxis observed in the database between 1 January 2012 and 30 November 2019.
Following the Italian Pharmacovigilance legislation, the MEREAFaPS Study, which was
conducted in Italy since 2006 and ended in November 2020, collected all ADEs through an
ad hoc ADE report form in more than 90 EDs belonging to general hospitals distributed in
the national territory in five Italian Regions: Lombardy and Piedmont (north), Tuscany and
Emilia-Romagna (centre), and Campania (south). As already stated, the EDs involved in the
MEREAFaPS Study allowed good and widespread coverage of the ED Italian population.

For the present analysis, all ADE report forms of drug-related allergy and anaphylaxis
were identified with a definite list of MedDRA terms (Supplementary Table S1). Subjects
who experienced one or more hypersensitivity reactions (allergies and/or anaphylaxis)
leading to ED visit were selected, retrieving the following data: demographic informa-
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tion (age, gender, ethnic group); suspected drugs; description of the ADE according to
diagnosis and symptoms, codified as detailed by MedDRA dictionary and organized by
System Organ Class (SOC) [17]. If present in the MEREAFaPS Study database, the ADE’s
outcome “hospitalization”, ADE’s management (i.e., adrenaline use), and the triage colour
codes were also recorded. In Italy, the triage codes are divided into four categories and
are identified with colours, as follows [18]: (1) “red code” (very critical, life threat, top
priority, immediate treatment access); (2) “yellow code” (on average critical, presence of
evolutionary risk, possibly life-threatening); (3) “green code” (not very critical, absence of
evolutionary risks, deferred services); (4) “white code” (non-critical, non-urgent patients).
Anatomical Therapeutic Chemical (ATC) classification system was used to classify sus-
pected drugs [12]. For the pharmacologic subgroup of antibiotics, the 3rd level of ATC class
was considered, whereas the 5th level of ATC class was considered for NSAIDs, radiology
contrast agents, analgesics, and antineoplastic agents.

Data were summarized using descriptive statistics. Categorical data were reported as
frequencies and percentages, while continuous data were reported as median values with
the related interquartile ranges (IQRs). Age classes were defined as follows: newborns (from
0 to 1 years); children (from 2 to 11 years); adolescents (from 12 to 17 years); adults (from
18 to 65 years); and elderly (older than 65 years). For each drug class, univariate logistic
regression was used to calculate the reporting odds ratios (RORs) of drug-related allergy
and anaphylaxis with 95% confidence intervals (CIs) compared to subjects who experienced
non-allergy ADEs. Multivariate logistic regression was performed and adjusted for sex, age
classes, and ethnicity. All results were statistically significant at p < 0.05. Data management
and statistical analysis were carried out using STATA 16.1.

The coordinating centre of Lombardy Region (Vimercate, Italy) approved the MEREAFaPS
Study in 2006, and the local institutional ethics committee (ASST Monza Ethic Committee)
approved the MEREAFaPS Study (Notification number 3724—6 May 2021) according to the
legal requirements concerning observational studies [12–16]. Due to the retrospective nature of
the present analysis and data anonymization, patient’s consent to participate was not required.

2.2. Systematic Review

This is a systematic review conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses [19]. A literature search was performed in PubMed
and Embase (last search performed on 25 March 2022). The PubMed search strategy was
adapted to the syntax and subject headings of Embase. Records were retrieved on the same
day from all sources and the search strategy was updated toward the end of the review,
after being validated to ensure it retrieved a high proportion of eligible studies.

We considered for inclusion observational studies, either prospective or retrospective
performed in EDs and specifically concerning outpatients, published in English. Random-
ized clinical trials, reviews and meta-analyses, letters to the editor, case reports, case series,
and expert opinions were excluded. We included only articles focusing on drug-related hy-
persensitivity, anaphylactic reactions, and allergies in outpatients. Moreover, we excluded
articles focusing on specific syndromes, such as Steven Johnson and toxic epidermal necrol-
ysis. Two review authors (NL and SP) have independently screened the extracted records
and identified the studies for inclusion by screening titles and abstracts yielded by search,
eliminating those deemed irrelevant. Full-text articles were retrieved for all references that
at least one of two review authors identified for potential inclusion. We selected studies for
inclusion based on review of full-text articles. Any discrepancy between the findings of
two review authors was resolved through discussion with a third expert (GC).

Data were independently extracted from each article by two authors (SP and GC)
using a data collection form. Extracted data included the name of the study authors, year of
publication, the country in which participants were recruited, the period of observation, and
study design. For each included study, researchers retrieved information regarding: (a) the
type of health facility (i.e., community hospitals, tertiary centres, university hospitals);
(b) patients’ selection criteria, age, and sex (percentage of females); (c) number of patients
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analysed in the study, the percentage of ED visits for allergy or anaphylaxis and the number
of those related to drugs; (d) number of hospitalization events for drug-related allergy or
anaphylaxis; (e) percentage of each causative drug class (if available). Authors of primary
studies were contacted to retrieve missing data and/or for additional information. Studies
with missing data for two or more of the abovementioned criteria were excluded.

Two review authors (NL and SP) independently assessed the included studies for
bias, following the Joanna Briggs Institute Critical Appraisal Checklist for analytical cross-
sectional study (last amended in 2017) [20]. For each domain in the tool, a judgment
as to the possible risk of bias was made from the information reported in the body of
papers. The judgements were made independently by two review authors (NL and SP);
disagreements were resolved first by discussion and then by consulting a third author (GC).
A graphic representation of potential bias was created using the software RevMan 5.4.1
(https://training.cochrane.org/, accessed on 25 March 2022).

3. Results

3.1. Post Hoc Analysis

During the study period (2012–2019), out of 94,073 ED visits, 13,532 (14.4%) cases were
drug-related allergies, while 548 (0.6%) were anaphylactic events. Females accounted for
56.16%. The mean age was 46 and 55 years for patients who experienced allergies and
anaphylaxis, respectively. Overall, 2105 (15.6% out of 13,532) subjects who experienced a
drug-related allergy and 371 (67.7% out of 548) subjects who experienced anaphylaxis were
hospitalized (Table 1).

As for drug-related allergies, the majority of subjects were female (59.2%), with a mean
age of 46.3 ± 22.9 years, and Caucasian (81.72%). The most frequently reported triage colour
codes were “green” (46.1%) and “yellow” (17.6%). Multivariate logistic regression showed
that females (ROR 0.88 [0.84–0.91]) and subjects aged > 65 years (ROR 0.28 [0.27–0.29]) were
at lower risk of drug-related allergies compared to males and other age classes, respectively.
On the contrary, a higher risk of drug-related allergy was observed among all age classes
< 65 years, in particular in children (age 2–11 years: ROR 2.97 [2.74–3.22]) and in adults
(age 18–65 years: ROR 2.48 [2.39–2.58]). “Green” (ROR 1.29 [1.24–1.34]) and “white” (ROR
1.25 [1.15–1.37]) triage colour codes were significantly assigned to subjects experiencing an
allergy compared to other triage codes.

Considering anaphylaxis, the majority of subjects were female (52.4%), with a mean
age of 55.7 ± 17.7 years, and Caucasian (82.3%). The most frequently reported triage colour
codes were “yellow” (33.4%) and “red” (23.5%). Considering anaphylaxis, children (ROR
0.21 [0.07–0.67]) and elderly (ROR 0.45 [0.37–0.53]) were at lower risk of this acute event,
while a higher risk was observed for females (ROR 1.20 [1.01–1.42]) and adults (ROR 2.63
[2.21–3.14]). “Red” (ROR 10.68 [8.69–13.13]) and “yellow” (ROR 2.00 [1.68–2.39]) triage
colour codes were significantly assigned to subjects experiencing anaphylaxis compared to
other triage codes. Subjects who experienced anaphylaxis were statistically associated with
a higher risk of hospitalization (ROR 5.62 [4.66–6.79]).

The majority of cases of anaphylaxis were treated with hydration, parenteral steroids,
and antihistamines (data not shown). Overall, 58.94% of anaphylaxis (323 out of 548 cases)
also reported adrenaline use during ED management (Table 2).

Suspected drug classes and active principles associated with anaphylaxis are reported
in Table 3. In our sample, antibacterials for systemic use (ROR 8.75 [7.47–10.25]), NSAIDs
(ROR 2.18 [1.71–2.78]), and radiology contrast agents (ROR 11.52 [8.33–15.92]) were sig-
nificantly associated with a higher risk of anaphylaxis. Among antibacterials, the risk of
anaphylaxis was significantly higher for pen, mainly represented by amoxicillin/clavulanate,
and cephalosporins, particularly ceftriaxone. Among NSAIDs, the risk of anaphylaxis was
significantly higher for dexibuprofen, followed by flurbiprofen, diclofenac, and ketorolac,
while among radiology contrast agents, the risk of anaphylaxis was significantly higher for
ioprimide, followed by ibitridol, iopamidol, and iomeprol. All other most frequently reported
active principles involved in cases of anaphylaxis are depicted in Supplementary Table S2.
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Table 2. Variation of adrenaline use in the management of drug-related anaphylaxis events over the
study period.

Year
Allergy Events

N = 13,532
Anaphylaxis Events

N = 548
Adrenaline Use
N = 323 (% Row)

2012 1610 59 37 (62.71)
2013 2552 108 61 (56.48)
2014 2737 101 50 (49.50)
2015 1609 52 36 (69.23)
2016 804 36 19 (52.78)
2017 1206 65 41 (63.08)
2018 1838 64 45 (70.31)
2019 1176 63 34 (53.97)

The percentage of adrenaline use refers only to anaphylaxis cases. Overall, 58.94% of anaphylaxis (323 out of 548
cases) reported adrenaline use during ED management.

Table 3. Suspected drug classes associated with anaphylaxis.

Anaphylaxis
N = 608 (%)

Non-Allergy
N = 104,366 (%)

Unadjusted ROR
(95% CI)

Adjusted ROR
(95% CI)

Antibacterials 327 (53.78) 10,744 (10.29) 9.99 (8.51–11.75) 8.75 (7.47–10.25)

Penicillins 218 (66.67) 5503 (51.22) 9.91 (8.37–11.73) 8.98 (7.57–10.65)
Cephalosporins 69 (21.10) 1291 (12.02) 10.09 (7.80–13.05) 10.75 (8.32–13.88)
Fluoroquinolones 28 (8.56) 1881 (17.51) 2.60 (1.77–3.80) 2.30 (1.57–3.38)
Macrolides 6 (1.83) 1155 (10.75) 0.88 (0.39–1.97) 0.75 (0.34–1.68)
Glycopeptides 5 (1.53) 347 (3.23) 2.45 (1.01–5.96) 2.28 (0.94–5.53)
Sulfamet./Trimetop. 1 (0.31) 337 (3.14) 0.50 (0.07–3.58) 0.42 (0.06–2.99)

NSAIDs 78 (12.83) 4980 (4.77) 2.88 (2.27–3.66) 2.18 (1.71–2.78)

Diclofenac 32 (41.03) 1058 (21.24) 5.33 (3.71–7.65) 4.45 (3.11–6.39)
Ketoprofen 24 (30.77) 1727 (34.68) 2.40 (1.59–3.62) 1.65 (1.08–2.52)
Ketorolac 5 (6.41) 291 (5.84) 2.91 (1.20–7.08) 2.26 (0.93–5.49)
Flurbiprofen 4 (5.13) 101 (2.03) 6.72 (2.47–18.31) 5.21 (1.91–14.25)
Indomethacin 3 (3.85) 191 (3.84) 2.66 (0.85–8.34) 2.09 (0.66–6.60)
Nimesulide 2 (2.56) 581 (11.67) 0.58 (0.14–2.33) 0.43 (0.11–1.74)
Etoricoxib 2 (2.56) 234 (4.70) 1.44 (0.36–5.82) 1.30 (0.32–5.26)
Dexibuprofen 2 (2.56) 39 (0.78) 8.68 (2.09–36.02) 7.88 (1.90–32.68)

Radiology contrast agents 42 (6.92) 554 (0.53) 13.73 (9.92–19.00) 11.52 (8.33–15.92)

Iomeprol 16 (38.10) 201 (36.28) 13.83 (8.26–23.17) 11.52 (6.89–19.25)
Iopromide 12 (28.57) 88 (15.88) 25.56 (12.81–43.33) 20.26 (11.04–37.19)
Iobitridol 4 (9.52) 40 (7.22) 17.06 (6.08–47.84) 14.96 (5.41–41.41)
Iodixanol 3 (7.14) 52 (9.39) 9.82 (3.06–31.54) 8.62 (2.70–27.53)
Iopamidol 3 (7.14) 36 (6.50) 14.91 (4.36–46.22) 13.40 (4.05–44.40)
Other contrast agents 4 (9.52) 68 (12.27) 10.03 (3.65–27.59) 7.44 (2.71–20.47)

Analgesic drugs 32 (5.26) 11,131 (10.67) 0.46 (0.33–0.66) 0.47 (0.33–0.67)

Paracetamol * 15 (46.88) 2152 (19.33) 1.19 (0.71–1.98) 1.02 (0.61–1.71)
Acetylsalicylic acid 11 (34.38) 5589 (50.21) 0.32 (0.18–0.58) 0.38 (0.21–0.68)
Tramadol 2 (6.25) 859 (7.72) 0.39 (0.10–1.58) 0.34 (0.09–1.39)
Pethidine 2 (6.25) 12 (0.11) 28.34 (6.33–126.95) 22.99 (4.92–107.37)
Other analgesics 2 (6.25) 254 (2.28) 1.34 (0.33–5.38) 1.44 (0.36–5.86)

Antineoplastic drugs 23 (3.78) 7887 (7.56) 0.47 (0.31–0.72) 0.41 (0.27–0.63)

Paclitaxel 7 (30.43) 645 (8.18) 1.85 (0.87–3.91) 1.56 (0.73–3.30)
Oxaliplatin 5 (21.74) 486 (6.16) 1.75 (0.72–4.24) 1.53 (0.63–3.72)
Cetuximab 2 (8.70) 101 (1.28) 3.36 (0.83–13.67) 3.35 (0.83–13.54)
Trastuzumab 2 (8.70) 166 (2.10) 2.05 (0.51–8.27) 1.78 (0.44–7.15)
Rituximab 2 (8.70) 546 (6.92) 0.62 (0.15–2.49) 0.59 (0.14–2.37)
Other antineoplas. drugs 5 (21.74) 1226 (15.54) 0.69 (0.28–1.66) 0.59 (0.25–1.43)

CI: confidence interval; NSAID: non-steroidal anti-inflammatory drug; ROR: reporting odds ratio. * Alone or in
combinations. The total number of suspected drugs involved in anaphylaxis and non-allergy events is bigger than
the number of cases because more than one suspected drug can be reported in a pharmacovigilance report form.
Logistic regression analyses were used to estimate the reporting odds ratios (RORs) with 95% confidence intervals
(CIs) of drug-related allergies and anaphylaxis adjusting for sex, age classes, and ethnicity.
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For all suspected drug classes, the most frequently reported drug-related hypersensi-
tivity reactions affected the skin and subcutaneous tissue (data not shown). In particular, we
observed several cases of urticaria, localized or general pruritus, erythema, and rash. These
dermatological manifestations showed a different degree of seriousness among patients.
Considering the most severe cases, these were represented by systemic reactions, including
respiratory distress and anaphylactic shock.

3.2. Systematic Review

A total of 832 citations were identified through PubMed and Embase searching. After
removing duplicates, 745 citations were screened, of which 657 were excluded as they were
deemed irrelevant after title and abstract screening. Eighty-eight citations met inclusion
criteria for full-text review (Figure 1).

Figure 1. Flowchart depicting article selection.

After full-text review, 37 manuscripts were included in the systematic review (Table 4).
Most of the primary studies (57%) were performed in USA and/or Canada [21–41], followed
by 10 (27%) studies performed in Asia [42–51], 5 (13%) studies in Europe [52–56], and 1 (3%)
study in Australia [57]. Overall, 17 (46%) were multicentre studies, either retrospective or
retrospective/prospective [23–26,28–31,33–35,40–42,44,48,57].

Four (10%) studies did not specify whether they were multicentre or single centre
studies, while 16 studies were performed in a single ED [21,27,32,39,43,46,47,49–56]. Eight
(22%) studies were performed on electronic databases, selecting patients mainly using
the International Classification of Diseases (ICD-9 or ICD-10) codes [22–24,26,30,36,37,45].
Seven studies (19%) [30,33–35,40,56,57] focused on specific drug classes, in particular
antibiotics, psychiatric medications, antivirals, and NSAIDs. Twelve studies (32%) included
paediatric patients [23,24,26,28,34–36,40,41,43,45,55], and females accounted for 34.7% to
73% of selected participants. Overall, female was the most represented sex in the majority of
the included studies (24 studies out of 37). The number of included patients varied among
the studies, ranging from 21 to 10,848,695. ED visits related to allergy and anaphylaxis
accounted for a minimum of 0.004% to a maximum of 88%. According to the study design
and selection criteria, drug-related allergies and anaphylaxis ranged from 0.007% to 88%.
Eight studies (22%) [21,42,47,48,51,54–56] did not report the number of hospitalizations,
which varied from 1 to 22,646 patients. The most frequently reported causative drug classes
were antibiotics, analgesics and NSAIDs, radiology contrast agents, and anticancer agents.
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Quality assessment is depicted in Figure 2. Only 11 studies [23,28,29,31,37,42,45,46,51,55,57]
were at low risk of bias for all considered domains. Identification of confounding factors and
strategies to deal with them were unclear or at high risk of bias for most of the included studies.
In particular, several papers did not report any clear identification of variables for analysis
adjustment. Only one study [39] was judged at unclear risk of bias for incomplete description
of inclusion criteria, two studies [22,39] for the domain “Exposure measurement”, and only
one [40] for “outcome measurement”. Statistical analysis was properly performed in the majority
of studies.

Figure 2. Risk of bias graph assessment, performed according to Cochrane Collaboration’s risk of
bias tool [21–57].
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4. Discussion

The current study summarizes the up-to-date evidence on drug-related allergies and
anaphylaxis causing ED visit and hospitalization. Antibacterials for systemic use, NSAIDs,
and radiology contrast agents were the most reported drug classes associated with drug-
related hypersensitivity reactions.

Although our post hoc analysis showed that female was the sex most represented
in allergy events, women seem to be associated with a lower risk of drug-related allergy
but a higher risk of anaphylaxis, even if at the limit of statistical significance. Considering
drug-related allergy, this evidence is comparable with real-world data coming from obser-
vational studies, in which a higher risk of ADEs was usually observed in women [58,59].
Nevertheless, there are no conclusive data that drug-related allergies are more common in
females than in males [60]. In general, discrepancy exists regarding the sex difference in
allergy caused by different triggers, including pharmacological treatments, with females
reporting significantly more allergic reactions in questionnaire studies [61]. Moreover,
we also observed that women experienced anaphylaxis more frequently than men. This
evidence is comparable with hospital-based studies that suggested a female predominance
regarding drug-induced anaphylaxis or a history of immediate penicillin allergy [62,63].
Furthermore, some studies reported that females are twice as likely to have drug-induced
anaphylaxis than males [64]. However, the reasons for this sex discrepancy are still incom-
pletely understood [65].

Considering patients’ age, we observed that most drug-related allergies occurred
in adults (age 18–65 years). This result can be compared with the evidence published
in the literature where it is reported that drug-related allergies typically occur in young
and middle-aged adults [66]. In fact, with regards to children, it is well known that they
are less likely to be exposed repeatedly to medications, especially due to the absence or
lower incidence of comorbidities [59,66]. In our sample, drug-related anaphylaxis was
also reported more frequently by adults (age 18–65 years), an age group known to be
associated with these serious events, which occur mainly in subjects with a mean age of
around 58–60 years [67,68]. Of note, the mean age of patients experiencing an allergy or
anaphylaxis in our sample was even lower. Although age is consistently associated with
severity of anaphylaxis in many studies [64,69], we did not observe a higher risk of drug-
related allergy and anaphylaxis in elderly (>65 years). This may be due to the presence of a
relatively low number of elderly subjects who experienced an allergy or anaphylaxis as
the cause of ED visits and hospitalization in our sample. Moreover, we hypothesize that
the elderly included in our analysis may be represented by subjects mainly exposed to
long-term pharmacological treatments (i.e., chronic treatment), which can be considered to
be less associated with hypersensitivity reactions.

In Italy, triage assessment is made on a colour code basis, with highest priority given
to a red code, followed by yellow, green, and white [70]. Although triage is a very useful
tool for prioritizing patients upon their arrival to the ED, limited data relating to the
triage assessment colour code for drug-related hypersensitivity reactions are available [71].
Nevertheless, our analysis found that more serious events, in particular anaphylaxis, were
correctly coded and were mainly associated with “red” and “yellow” triage codes.

With respect to drug classes most frequently associated with anaphylaxis, striking
geographical differences exist and are likely caused by local prescription patterns and are
influenced by other less characterized factors, such as genetic differences [64]. Despite this,
as highlighted by the results of our systematic review, the findings of the active pharma-
covigilance study MEREAFaPS were in line with those of studies already published in
literature on this topic. Both in our post hoc analysis and in the studies included in the
systematic review, most cases of anaphylaxis were caused by the administration of antibac-
terials for systemic use, NSAIDs, and radiology contrast agents. In general, the best strategy
for drug-related hypersensitivity management is avoidance or discontinuation of the sus-
pected medication. Alternative medications with unrelated chemical structures should be
substituted, always considering the presence of drugs cross-reactivity [72]. Antibacteri-
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als for systemic use, in particular penicillins, are the most common triggers observed in
drug-related allergy, affecting approximately 10% of patients [73]. Another group of antibi-
otics frequently associated with hypersensitivity are cephalosporins, which are generally
causative of maculopapular rashes and drug fever, while urticaria and anaphylaxis are
uncommon [74]. Analgesics, in particular NSAIDs, can cause hypersensitivity reactions,
including exacerbations of underlying respiratory diseases, urticaria, angioedema, and
anaphylaxis [72]. Finally, radiology contrast agents are associated with both allergic and
pseudoallergic reactions. The incidence of these reactions, including anaphylaxis, appears
to be lower with non-ionic versus ionic agents. Drug-related hypersensitivity reactions to
radiology contrast agents can be prevented through pre-treatment regimens with corticos-
teroids and H1-antihistamines [72]. Intramuscular epinephrine (adrenaline) represents the
first-line treatment for anaphylaxis. However, even if its use remains suboptimal [4], in
our population epinephrine was used in a relatively high percentage of cases of anaphy-
laxis. After anaphylaxis occurrence, patients should be referred to a specialist to assess
the potential cause and to be educated on prevention of recurrences and self-management.
The limited availability of epinephrine auto-injectors remains a major problem worldwide,
especially in low- and middle-income countries [75].

Strengths and Limitations

Our study has some limitations. First, the retrospective nature of the study may have
led to an underestimation of allergic and anaphylactic ADEs, because ED physicians could
not report the reaction or could not recognize the allergic nature of the reaction. This possi-
bility has been evidenced by several studies, such those published by Sundquist et al. [76]
and Martelli et al. [77], who evidenced a reduced capacity to recognize anaphylaxis in
ED. Another cause of underestimation of anaphylaxis could be the death of serious cases
before their arrival in ED. However, considering that the ADEs were collected through a
national active pharmacovigilance initiative, the issue of underreporting, especially for
anaphylaxis, can be considered of relatively low relevance. Moreover, we did not evaluate
the effect of concomitant medications and comorbidities on hypersensitivity reactions and
the seriousness of each drug-related allergy. It should be of great importance to have
information on concomitant medications since they may potentiate anaphylaxis symptoms
or reduce the efficacy of its treatment [78,79]. Even some comorbidities, such as respiratory
and cardiovascular diseases, have been associated with poorer prognosis as they may
lead to insufficient compensatory mechanisms to endure anaphylaxis complications [80].
Furthermore, we cannot exclude a partial lack of additional data mainly due to the specific
condition of each ED (i.e., lack of time, general conditions of patients, and other emer-
gencies). Our analysis is based on ADE reports that are affected by limits that include
inaccurate and incomplete information on patients (i.e., sex, age, ethnicity, triage colour
code), also mainly related to lack of clinical data in the ED electronic sources. Finally, we
cannot have data on the recurrence of anaphylaxis, which involves 3% of patients within
one year [37].

Despite these shortcomings, our study overcomes the limitations listed by the World
Allergy Organization Anaphylaxis Guidance [4]. As for lack of large prospective population-
based studies, this is the first nationwide multicentre study investigating allergic ADEs as
the cause of ED visits in Italy. Our analysis included five Italian Regions located in northern,
central, and southern Italy, allowing us to reach an estimated coverage of over 45% of
the Italian population (more than 28 million inhabitants) [15]. Few multicentre studies
examined such a large population with an active pharmacovigilance approach in ED. Most
studies were carried out in single hospitals, involving few EDs, and larger studies have
usually been performed on administrative databases (i.e., insurance claims), using ICD-9
and ICD-10 codes [22–24,26,30,36,37,45]. The use of ICD codes in observational studies may
have been associated with a misclassification of patients, with the possible introduction of a
selection bias. Moreover, these codes cover anaphylaxis definition as reported by Regateiro
et al. [64] only partially. On the contrary, the use of MedDRA standardized medical
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terminology in our study allowed us to reach a proper differentiation between drug-related
hypersensitivity ADEs and other kinds of ADEs, with a certainty of the diagnosis. In
fact, each ADE and diagnosis in pharmacovigilance report forms were identified and
then coded by trained monitors, and additional information was requested to ensure the
greatest correspondence between what occurred and what was entered in the database, thus
minimizing the misclassification and the selection bias in this post hoc analysis. Moreover,
while several studies concerning allergies and anaphylaxis did not always report risk factors
and triggers [22,24,27,31,32,36,37,43,45], the use of the ATC classification system allowed
us to record all active principles causative of the hypersensitivity event with certainty.

5. Conclusions

In conclusion, drug-related hypersensitivity reactions represent a relevant clinical
issue worldwide. Despite the large number of available marketed medications, pharma-
cological triggers associated with hypersensitivity are mostly well-known drug classes.
Both our post hoc analysis and the systematic review confirmed the association between
allergy and anaphylaxis and antibiotics for systemic use, NSAIDs, and radiology contrast
agents, especially in women and adults. This information should always be taken into
consideration by general practitioners, patients and their caregivers, and ED healthcare
professionals, to both minimize the occurrence of drug-related hypersensitivity reactions
and improve their management.
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Abstract: Background: Medication Regimen Complexity (MRC) refers to the combination of medica-
tion classes, dosages, and frequencies. The objective of this study was to examine the relationship
between the scores of different MRC tools and the clinical outcomes. Methods: We conducted a
retrospective cohort study at Roger William Medical Center, Providence, Rhode Island, which in-
cluded 317 adult patients admitted to the intensive care unit (ICU) between 1 February 2020 and
30 August 2020. MRC was assessed using the MRC Index (MRCI) and MRC for the Intensive Care
Unit (MRC-ICU). A multivariable logistic regression model was used to identify associations among
MRC scores, clinical outcomes, and a logistic classifier to predict clinical outcomes. Results: Higher
MRC scores were associated with increased mortality, a longer ICU length of stay (LOS), and the need
for mechanical ventilation (MV). MRC-ICU scores at 24 h were significantly (p < 0.001) associated
with increased ICU mortality, LOS, and MV, with ORs of 1.12 (95% CI: 1.06–1.19), 1.17 (1.1–1.24),
and 1.21 (1.14–1.29), respectively. Mortality prediction was similar using both scoring tools (AUC:
0.88 [0.75–0.97] vs. 0.88 [0.76–0.97]. The model with 15 medication classes outperformed others in
predicting the ICU LOS and the need for MV with AUCs of 0.82 (0.71–0.93) and 0.87 (0.77–0.96),
respectively. Conclusion: Our results demonstrated that both MRC scores were associated with
poorer clinical outcomes. The incorporation of MRC scores in real-time therapeutic decision making
can aid clinicians to prescribe safer alternatives.

Keywords: critical care; outcomes; patient safety; medication therapy management; electronic
health records

1. Introduction

Medication Regimen Complexity (MRC) refers to multiple features of a patient’s med-
ication drug regimen rather than an absolute number of medications consumed per day [1].
MRC incorporates features such as the number of agents, dosages, administration time
intervals, and additional instructions (i.e., take on an empty stomach) [2–4]. An increase in
MRC burden has been associated with poorer medication noncompliance and caregiver
quality of life measures, as well as an increase in healthcare resource utilization [5–9]. Criti-
cal illness has been referred to as a subset of hospitalized individuals who are commonly
afflicted with severe respiratory, cardiovascular, or neurological impairment, reflected in
abnormal physiological observations. These patients are at a significant risk of higher MRC
due to the severity of illness, the management of multiple chronic conditions, and the
complex pharmacotherapies prescribed. It has been estimated that a critically ill adult may
receive up to 13 medications per day and the chances of experiencing an adverse drug
event are greater than 25% [10–12]. Therefore, examining only the quantity of medications
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administered may not accurately describe the complex and intricate nature of critical care
medication therapy [13].

Numerous methods have been used to quantify the complexity of medication use. Yet,
the most commonly utilized and validated objective scoring tool is the 65-item, weighted
MRC Index (MRCI), which has been developed for outpatient use only [14–18]. The
MRCI has been used to evaluate conditions such as neurological impairment in children
and hypertension, diabetes, chronic obstructive pulmonary disease, and chronic kidney
disease in adults [19–24]. The MRC for the intensive care unit (ICU) scoring tool has
been developed and intended for use in critically ill patients [25,26]. MRC-ICU is the first
validated quantitative weighted scoring tool intended to predict clinical events such as
mortality [27,28]. A recent study demonstrates that the prediction of patient outcomes
can be improved by incorporating the MRC-ICU score into the previously established
severity-of-disease classification system Acute Physiology and Chronic Health Evaluation
(APACHE II) scoring tool [29].

MRC scoring tools have the potential to aid in the identification of which patients may
benefit from subsequent interventions (i.e., comprehensive medication review) [23,24]. In
the critical care setting, the tool can further support the need for clinical pharmaceutical
expertise and workload assignment to address the complex pharmacotherapeutic needs of
the patient. However, the utilization of these tools has been limited due to the narrowly
defined scope of the MRCI tool and the lack of substantial validation. To date, no studies
have assessed the association between these two MRC scoring tools and clinical outcomes
within the critical care setting.

In this study, we created two custom MRC scoring algorithms and several statistical
and prediction models using the MRCI and MRC-ICU tools to investigate whether MRC
scores are important predictors of clinical outcomes (i.e., ICU mortality, length of stay
(LOS), and need for mechanical ventilation (MV)). We aimed to (1) examine how MRC
scores correlate with clinical characteristics, (2) test the hypothesis that higher MRC scores
are associated with poorer clinical outcomes, and (3) determine the utility of MRC scores as
predictors of clinical outcomes.

2. Methods

2.1. Study Design and Setting

This was a single-center, STROBE-compliant retrospective cohort study of 322 patients
enrolled into the ICU in a 220-bed community hospital in Providence, Rhode Island, USA,
between 1 February 2020 and 30 August 2020. Due to the retrospective nature of the data,
informed consent was not deemed necessary as all patient data were de-identified prior
to use. The study was granted exemption by the Human Research Review Committee
Roger Williams Medical Center (RWMC) Institutional Review Board (IRB: 00000058) and
University of Rhode Island Institutional Review Board (IRB: 00000559). The data were
curated and reviewed for accuracy by the RWMC data-extraction team.

2.2. Participants

All adults admitted to the ICU with general admission criteria were included in
this study.

2.3. Inclusion and Exclusion Criteria

The patients were included if the following conditions were met: ≥18 years of age and
admission to the ICU > 24 h. A total of 317 patients were included in the final analysis, five
of whom were excluded due to extensive LOS (>40 days) and missing laboratory values.

2.4. Variables

Demographics, vital signs, laboratories, medication classes, and MV data were col-
lected for each patient from the electronic health records (EHR) (Tables S1 and S2).
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2.5. Data Sources
MRC Scoring Tools

MRC can be defined by the number of drugs and their dosing frequency. Two med-
ication scoring indexes, the MRCI and MRC-ICU, have been developed for outpatient
and critical care use, respectively. The total MRCI score is the weighted sum of 3 sections
(dosage form, dosing frequency, and additional administration information), in which a
higher score reflects a higher MRC burden. In computing the MRCI, both scheduled and
‘as needed’ medications and supplements are considered (see supplementary material).
Despite the established use of the MRCI tool in the outpatient setting, we aimed to explore
its utility in the ICU setting in this study [8].

Conversely, MRC-ICU is a 39-item, weighted, critically ill medication scoring tool
comprising specific agents and classes (i.e., vancomycin—3 point; continuous intravenous
saline—1 point) [26,30]. The MRC-ICU scoring calculation and individually assigned
medication weights are provided in the supplementary material. The score has undergone
validation testing for both internal and external validity [26,30]. Although an MRC-ICU
score can be determined at any time during ICU admission, daily historical evaluation at
24 h intervals is most commonly utilized and was applied to our study. These two scores
were calculated using custom codes for each patient at 24 and 48 h intervals.

2.6. Definitions

We defined cutoff values for both MRC scores based upon their distribution 24 h
after ICU admission. We chose the median values as cutoff values, as there are no stan-
dardized cutoff values available for critically ill patients. The ‘high’ MRCI scoring cohort
and the ‘high’ MRC-ICU cohort were defined as having cutoff scores of >63 and >6, re-
spectively. Three clinical outcomes were measured: mortality, LOS, and need for MV
for the ICU setting. We created a binary variable for LOS = 0 when LOS was < 48 h
and LOS = 1 when LOS > 48 h. The need for MV was defined using a binary variable
after 48 h of ICU admission (MV = 0, not mechanically ventilated; MV = 1, mechanically
ventilated). Hemodynamic instability was defined as a hypotension (i.e., systolic blood
pressure < 100 mmHg), mean arterial pressure < 65 mmHg, or an abnormal heart rate (i.e.,
arrhythmia or heart rate < 60 bpm or > 100 bpm).

2.7. Statistical Analysis

Descriptive statistics were used to describe the study population where continu-
ous values were represented using means and interquartile ranges (IQRs). Categorical
variables were described using frequencies and proportions. We conducted a descrip-
tive analysis comparing survivor and non-survivor and low- and high-MRC-scoring
groups using Student’s t, chi-squared (χ2), or Fisher’s exact tests to examine the rela-
tionships between clinical characteristics and the respective cohorts. Physiological and
clinical characteristics were compared among the survivor and non-survivor cohorts. To
account for the severity of illness, we included the following scoring tools: Simplified
Acute Physiology Score (SAPS II), APACHE II, and Charlson comorbidity index (CCI).
The MRCI and MRC-ICU were analyzed for mortality, need for MV, and SARS-CoV-2
(COVID-19) infection using the Wilcoxon signed-rank test. Four multivariable logistic
regression models were utilized to identify the predictors of clinical outcomes (i.e., mor-
tality, LOS, and need for MV) using severity scores, MRCI, MRC-ICU, and all the vari-
ables. The four models were: Model I—demographics, APACHE II, SAPS II, CCI, and
15 drug classes; Model II—demographics, MRCI_24 h, MRCI_48 h, CCI, and drug classes;
Model III—demographics, MRC-ICU_24 h, MRC-ICU_48 h, CCI, and drug classes; and
Model IV—all variables (see Table S3). In the LOS models, we excluded MRCI and MRC-
ICU values at 48 h, as our threshold for binary values was 48 h after ICU admission.
Significant predictors (p < 0.05) were selected for each model using a stepwise forward
selection method. To further assess variable selection, we used an L1 penalization technique
(LASSO). LASSO allows a more restrictive parameter selection to be performed that is
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minimally influenced by multicollinearity. The demographic variables included were age,
sex, height, weight, body mass index (BMI), and race. Odds Ratios (OR) were calculated
for each outcome of interest. All analyses were conducted using R, Version 4.0.0 (R Project
for Statistical Computing), and the glm, glmnet, and ggplot2 R packages were used [31–33].

2.8. Prediction Model Development

To test the prediction ability of MRC scores for mortality, LOS, and need for MV, seven
logistic classifier models were constructed without any variable selection (see Table S3).
A ‘no imputation’ approach was used when preparing the data for the prediction model.
We assessed correlated variables using the Pearson correlation coefficient. The SAPS II
severity score was used in the prediction models due to a high correlation within the
APACHE II classification system (Figure S1). The best fit models were selected using
the best Akaike information criterion (AIC) measurement through an interactive process
during cross-validation. We included all the predictor variables in each prediction model
setup for exploring their individual role explicitly. Model performance was assessed
via the area under the receiver operating characteristic (ROC) curve (AUC). An AUC of
at least 0.7 was regarded as acceptable. We applied a ‘leave-one-out’ cross-validation
method with 10,000 repetitions, and the AUC was selected as an overall performance
measure. Additionally, sensitivity and specificity analyses were included for the three
outcomes. Lastly, all prediction models recorded variable importance rankings for each
clinical outcome.

3. Results

3.1. Demographic and Clinical Characteristics

Of the 317 patients included in the analysis, most were male (175 patients (55.2%));
and White (205 patients (65%)), with a median (interquartile range (IQR)) age of 62 (51–75)
years. A total of 77% patients survived; 51% had an LOS > 48 h; and 31% required MV. Vital
signs, serum electrolytes, and blood-cell values were similar among the survivor and non-
survivor cohorts. Conversely, serum blood urea nitrogen (BUN) and creatinine values were
significantly worse in the non-survivor cohort (25.7 mg/dL and 1.5 mg/dL vs. 38.7 mg/dL
and 1.8 mg/dL), respectively. Non-survivors had a significantly longer duration on MV
(147.2 h vs. 34.6 h) and a prolonged LOS (191.4 h vs. 87.4 h) than the survivor cohort.
There was a high prevalence among both cohorts of acute respiratory failure with hypoxia
(125 (39.4%)), COVID infection (52 (16.4%)), lactic acidosis (101 (31.9%)), kidney failure
(96 (30.3%)), and acute myocardial infarction (78 (24.6%)) (Table 1).

Table 1. Demographic and clinical characteristics between survivor and non-survivor cohorts.

Characteristics
Survivors
(n = 243)

Non-Survivors
(n = 74)

p-Value

Demographics
Age, median (IQR), y 60.8 (48–73.5) 65.8 (58–76) 0.81
Sex, No. (%)

Male 134 (55) 41 (55) >0.99
Race, No. (%)

White 163 (67) 42 (57) 0.14
Black 19 (8) 7 (9) 0.83
Hispanic 25 (10) 12 (16) 0.24
Asian 4 (2) 0 (0) 0.61

BMI, median (IQR) 29 (23–32) 28.5 (23–31.8) 0.44
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Table 1. Cont.

Characteristics
Survivors
(n = 243)

Non-Survivors
(n = 74)

p-Value

Vital Signs
Systolic blood pressure (mm Hg) 122.8 (108–133.7) 107.1 (96.1–118.4) 0.22
Diastolic blood pressure (mm Hg) 71.6 (62.3–80.4) 64.2 (55.4–71.6) 0.38
Mean arterial pressure (mm Hg) 88.7 (77.7–97.5) 78.5 (69.4–86.4) 0.22
Heart rate (beats/min) 88.7 (78–99.1) 99.4 (86.2–113.5) 0.82
Respiratory rate (breaths/min) 19.2 (16–21) 25.2 (21.4–28) 0.09
Temperature (◦C) 98.2 (97.7–98.7) 97.8 (96.8–99.2) 0.74
SaO2 (mm Hg) 96.7 (95.1–98.7) 93.9 (92.5–97) 0.77

Serum Laboratory Values
Sodium (mEq/L) 136.3 (134–139) 138.1 (134.6–143) 0.58
Potassium (mEq/L) 4 (3.6–4.4) 4.4 (3.9–4.9) 0.16
Chloride (mg/dL) 103.9 (101–108) 102.7 (98–108.5) 0.35
Carbon dioxide (mEq/L) 23.6 (21–26) 20.7 (14.2–25.9) 0.96
BUN (mg/dL) 25.7 (12–30) 38.7 (21.2–50) 0.03
SCr (mg/dL) 1.5 (0.7–1.4) 1.8 (0.9–2.5) 0.05
Glucose (mg/dL) 168.5 (110.5–198) 219.5 (124–251.2) 0.30
Calcium (mg/dL) 8.2 (7.7–8.7) 8.1 (7.2–8.5) 0.21
Magnesium (mg/dL) 1.9 (1.6–2.1) 2.3 (1.9–2.5) 0.12
Phosphate (mg/dL) 3.5 (2.8–4) 6.1 (3.8–7.6) 0.26
White blood cell (×103/mL) 11 (7.2–13.8) 15.6 (8.4–19.4) 0.51
Hemoglobin (g/dL) 10.2 (8.6–11.8) 9.7 (8.1–11.6) 0.31
Hematocrit (%) 31.8 (27.6–36.2) 31.4 (24.9–36) 0.35
Platelets (×103/mL) 211.3 (143–268) 215.5 (128.5–271.8) 0.57
Lactate (U/L) 3 (1.4–3.3) 8.2 (3.1–13.5) 0.41
PT (s) 17.6 (11.5–16.1) 19.9 (13.3–27.8) 0.56
INR 1.7 (1.1–1.6) 2 (1.3–2.8) 0.56
Albumin (g/L) 3.1 (2.8–3.5) 2.8 (2.3–3.2) 0.71
Total bilirubin (mg/dL) 1.3 (0.5–1.2) 2.5 (0.5–1.2) 0.87
Urine Output every 6 h (mL/h) 60.4 (7–96.5) 56.5 (10.3–58.4) 0.49
eGFR (mL/min/1.73 m2) 71.2 (42–99.2) 50.3 (26.8–70.5) 0.11

Durations
Time on mechanical ventilation (h) 34.6 (0–0) 147.2 (4–197.5) 0.08
ICU length of stay (h) 87.4 (21–86) 191.4 (22–282.5) 0.08

Scoring Assessment on ICU admission
APACHE II 17 (13–20) 27.1 (21–32) 0.01
SAPS II 12.5 (5–18) 27.5 (18.2–35) 0.039

MRCI 62.9 (34–84) 81.1 (43–104.5) 0.339
MRC-ICU 6 (3–8) 8.6 (4–12) 0.107

GCS at admission 13.1 (12–15) 7.2 (3–11) 0.351
Lactic acidosis (E87.2) 62 (26) 39 (53) <0.001
Hypokalemia (E87.6) 83 (34) 19 (26) 0.22
Kidney failure (N17.9) 63 (26) 33 (45) 0.004
Hypo-osmolality hyponatremia (E87.1) 63 (26) 26 (35) 0.16
Was not resuscitated (Z66) 35 (14) 51 (69) <0.001
Acute myocardial infarction (I21.A) 52 (21) 26 (35) 0.025
Unspecified sepsis (A41.9) 53 (22) 23 (31) 0.14

BUN, blood urea nitrogen; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; PT, prothrombin time;
APACHE II, Acute Physiology and Chronic Health Evaluation II; SAPS II, Simplified Acute Physiology Score
II; MRCI, Medication Regimen Complexity Index; MRC-ICU, Medication Regimen Complexity in the Intensive
Care Unit.

3.2. Clinical Characteristics between MRC Cohorts
3.2.1. Low- and High-MRC Cohorts

Among the higher-MRCI-scoring group, lower vital-sign values (systolic blood pres-
sure, diastolic blood pressure, mean arterial pressure) were found to be significant (p < 0.01).
Serum laboratory indices including phosphate, lactate, and albumin varied significantly
among the MRCI cohorts. Higher MRCI scores were correlated with increased patient
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acuity when compared with lower-MRCI-scoring groups. Comorbidities such as hypo-
osmolality, acute myocardial infarction, and unspecified sepsis were significant among
both MRCI and MRC-ICU cohorts (Tables S4 and S5).

3.2.2. Survivor and Non-Survivor Cohorts

When compared with the non-survivor cohort, the survivor cohort had significantly
lower APACHE II and SAPS II scores and a trend towards lower MRCI and MRC-ICU
scores. In the COVID-19-infected cohort, APACHE II and SAPS II had significantly lower
median values than in the non-COVID-infected group. Further, MRCI and MRC-ICU
scores were significantly higher in the mechanically ventilated cohort (Figure 1). When
analyzing age distribution by decade of life among different comorbidity severity indexes
(i.e., Charlson, APACHE II, SAPS II) patients older than sixty years of age were associated
with the highest severity index scores (Figure S2).

Figure 1. Comparisons among the severity score and MRC scores. Comparison of the severity-
of-illness scores Acute Physiology and Chronic Health Evaluation (APACHE II), Simplified Acute
Physiology Score (SAPS) II, Medication Regimen Complexity Index (MRCI), and Medication Regimen
Complexity for the Intensive Care Unit (MRC-ICU) between survivors and non-survivors.

3.3. Medication Use

The top five medication classes prescribed among the high-scoring MRC cohorts
(MRCI and MRC-ICU) were intravenous fluids (normal saline, 36% and 35%), gastrointesti-
nal agents (pantoprazole, 29% and 32%), analgesics (acetaminophen, 26% and 26%), elec-
trolytes (potassium chloride, 24% and 26%), and anti-infectives (piperacillin/tazobactam,
23%, and vancomycin, 27%). When incorporating the severity-of-illness scoring tools
(APACHE II and SAPS II) with MRCI and MRC-ICU scores, patients with higher MRC
scores (i.e., >63 MRCI and >6 MRC-ICU) were associated with increased mortality (14%
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and 15%), a longer LOS (i.e., >48 h; 30% and 34%), and an increased need for MV (24% and
28%), respectively (Figure S3).

3.4. Associations between MRC Scores and Clinical Outcomes

At admission, SAPS II was significant for all three outcomes: mortality (OR: 1.12
(1.07–1.18)), LOS (OR: 1.04 (1.0–1.11)), and need for MV (OR: 1.17 (1.13–1.21)) (Table 2),
respectively. When only incorporating MRCI scores into the model (Model II), the MRCI
score at 24 h was a significant predictor but showed slight associations with all outcomes
with ORs of 1.01 (95% CI: 1.0–1.02), 1.01 (1.0–1.02), and 1.01 (1.01–1.02) for mortality, LOS,
and need of MV, respectively. Further, MRCI scores at 48 h were found to be significant risk
factors but weakly associated with mortality and need for MV (Table 2). MRC-ICU scores
at 24 h (Model III) were significant risk factors in all outcomes in Model III with ORs of 1.12
(95% CI: 1.06–1.19), 1.17 (1.1–1.24), and 1.21 (1.14–1.29) for mortality, LOS, and need of MV,
respectively. Notably, in Model III, Hispanic ethnicity was significantly (p-value < 0.001)
associated with mortality 6.44 (3.45–12.41) and need for MV (2.21 (1.29–3.85) with ORs
6.44 (3.45–12.41) and 2.21 (1.29–3.85), respectively. Complimentary results from the LASSO
model confirmed the risk-factor selection trends (Table S6). The use of vasopressors was
found to be a significant risk factor for all clinical outcomes in Model IV. When evaluating
morality, the use of paralytic agents was significant (OR: 3.38 (1.09–11.11)). The use of
anti-infectives, anticoagulants, and cardiovascular agents was significantly associated with
a prolonged LOS. Lastly, the use of analgesics, sedatives, psychiatric, cardiovascular, and
pulmonary agents was a significant risk factor for the need of MV.

Table 2. Four logistic regression models for three clinical outcomes: mortality, length of ICU stay
(LOS), and need for mechanical ventilation (MV). List of selected variables using stepwise selection
method for the four logistic regression models and their associations with mortality, LOS, and need
for MV.

Selected Features
Mortality

OR (95% CI)
p-Value

Length of ICU
Stay

OR (95% CI)
p-Value

Mechanical
Ventilation

OR (95% CI)
p-Value

Model I

Age 1.02 (1.0–1.05) 0.12 1.02 (1.0–1.03) 0.05 - -

Body mass index (BMI) - - 1.02 (1.0–1.05) 0.11 -

White - - 0.59 (0.35–0.98) - - -

Hispanic 6.11 (2.84–13.85) <0.001 - - - -

SAPS II at admission 1.12 (1.07–1.18) 0.001 1.04 (1–1.11) <0.001 1.17 (1.13–1.21) <0.001

APACHE II at admission 1.13 (1.05–1.21) 0.002 0.92 (0.88–0.98) 0.15 - -

CCI - - 1.13 (1.0–1.32) 0.14 - -

Model II

Age 1.03 (1.02–1.05) <0.001 1.01 (1.0–1.03) 0.09 - -

Height - - 1.14 (1.01–1.35) 0.11 1.02 (1.04–1.46) 0.03

Weight - - 0.95 (0.89–1.01) 0.09 0.95 (0.89–1.01) 0.1

Body mass index (BMI) - - 1.17 (1.0–1.41) 0.06 1.18 (1.0–1.42) 0.07

White - - 0.56 (0.33–0.93) 0.03 - -

Hispanic 5.74 (3.15- 10.79) <0.001 - - 1.84 (1.11–3.07) 0.02

MRCI score at 24 h 1.01 (1–1.02) 0.003 1.01 (1.0–1.02) <0.001 1.01 (1.01–1.02) <0.001

MRCI score at 48 h 1.01 (1–1.02) 0.004 - 1.01 (1.0–1.02) 0.03

CCI - - 1.13 (1.0–1.32) 0.13 - -
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Table 2. Cont.

Selected Features
Mortality

OR (95% CI)
p-Value

Length of ICU
Stay

OR (95% CI)
p-Value

Mechanical
Ventilation

OR (95% CI)
p-Value

Model III

Age 1.03 (1.02–1.05) <0.001 1.01 (1.0–1.03) 0.1 - -

White - - 0.59 (0.35–0.99) 0.04 - -

Hispanic 6.44 (3.45–12.41) <0.001 - - 2.21 (1.29–3.85) 0.004

MRC-ICU at 24 h 1.12 (1.06–1.19) <0.001 1.17 (1.1–1.24) <0.001 1.21 (1.14–1.29) <0.001

MRC-ICU at 48 h 1.1 (1.04–1.17) 0.002 1.05 (1.0–1.11) 0.7 1.11 (1.05–1.18) 0.001

CCI - - 1.14 (1.0–1.34) 0.1 0.84 (0.65–1.07) 0.155

Model IV

Age 1.04 (1.01- 1.08) 0.017 - - - -

Hispanic 6.23 (2.55- 16.41) 0.001 - - - -

SAPS II at admission 1.09 (1.04–1.15) 0.001 1.04 (1–1.08) 0.072 1.17 (1.11–1.23) <0.001

APACHE II at admission 1.14 (1.05–1.23) 0.002 0.94 (0.89–1) 0.038 - -

MRCI at 24 h - - 0.99 (0.98–1) 0.134 0.97 (0.95–0.99) 0.001

MRC-ICU at 24 h - - 1.1 (1–1.22) 0.05 1.3 (1.13–1.51) <0.001

CCI 0.79 (0.6–1.03) 0.093 - - 0.77 (0.58–1) 0.052

Anti-infectives - - 2.27 (1.15–4.57) 0.019 - -

Anticoagulants 0.38 (0.1–1.42) 0.139 2.26 (1.02–5.29) 0.05 - -

Psychiatric agents - - 1.8 (0.96–3.36) 0.065 2.52 (1.01–6.64) 0.05

Pulmonary agents - - - - 3.14 (1.34–7.66) 0.01

Cardiovascular agents - - 2.81 (1.46–5.53) 0.002 0.4 (0.15–0.98) 0.05

Diuretics - - 3.35 (1.74–6.62) <0.001 - -

Analgesics sedatives - - - - 6.96 (1.73–36.07) 0.012

Vasopressors 5.55 (2.12–15.26) 0.001 3.49 (1.63–7.75) 0.002 5.75 (2.4–14.48) <0.001

Paralytic agents 3.38 (1.09–11.11) 0.039 - - - -

Vitamins - - 1.63 (0.88–3.03) 0.122 0.25 (0.09–0.62) 0.004

Others 2.54 (1.08–6.15) 0.034 - - - -

The final models of logistic regression are reported using Odds Ratios (ORs) and 95% confidence intervals of
risk factors for logistic regression. If the variable was not selected, the cell was marked with ‘-’. Bold ORs for
logistic regression were significant. Model I: Demographics, Acute Physiology and Chronic Health Evaluation
(APACHE II), Simplified Acute Physiology Score (SAPS II), Charlson comorbidity index (CCI), and drug classes.
Model II: Demographics, Medication Regimen Complexity Index (MRCI_24 h), MRCI_48 h, CCI, and drug
classes. Model III: Demographics, Medication Regimen Complexity in Intensive Care Unit (MRC-ICU_24 h),
MRC-ICU_48 h, CCI, and drug classes. Model IV: all variables.

3.5. Role of MRC Scores in the Prediction of Clinical Outcomes

The Admission Model was found to be the best model (AUC: 0.88 (95% CI: 0.77–0.97))
to predict mortality (Table 3). However, models MRCI and SAPS II (AUC: 0.88 [0.75–0.97])
and MRC-ICU and SAPS (AUC: 0.88 [0.76–0.97]) performed similarly (Figure 2). In the
MRCI and SAPS II Model, MRCI scores at 24 and 48 h were identified as the top variables
of importance when predicting mortality (Figure 3). Further, vasopressors were the most
important variable to predict mortality within the Medication Model. When predicting the
LOS, the Medication Model (AUC: 0.82 [0.71–0.93]) outperformed all other models. Vaso-
pressors and psychiatric agents were among the top five important variables to predict the
LOS. Further, MRC scores at 24 h and 48 h were selected in the top 10 variable importance
list for models including MRC scores (i.e., MRCI and SAPS II, and MRC-ICU and SAPS II).
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Table 3. Comparison of the prediction models. Prediction evaluation for ICU mortality, LOS, and need
for mechanical ventilation. (The best 3 prediction results are noted in bold font, and demographic
variables are included in each of the models).

AIC AUC Sensitivity Specificity

ICU Mortality

Admission Model 222.007 (217.45–222.15) 0.88 (0.77–0.97) 0.72 (0.60–0.82) 0.89 (0.85–0.92)

MRCI Model 313 (308–313) 0.73 (0.54–0.89) 0.73 (0.60–0.84) 0.89 (0.85–0.93)

MRCI and SAPS II Model 225 (220–225) 0.88 (0.75–0.97) 0.73 (0.63–0.83) 0.89 (0.84–0.93)

MRC-ICU Model 302 (297–302) 0.75 (0.57–0.89) 0.73 (0.62–0.83) 0.89 (0.85–0.92)

MRC-ICU and SAPS II Model 225 (221–225) 0.88 (0.76–0.97) 0.73 (0.62–0.84) 0.90 (0.85–0.94)

Medication Model 236 (232–236) 0.88 (0.78–0.96) 0.61 (0.48–0.73) 0.86 (0.82–0.90)

Full Model 226 (221–226) 0.88 (0.77–0.97) 0.73 (0.62–0.84) 0.89 (0.85–0.92)

Length of ICU Stay

Admission Model 422.74 (421–423) 0.68 (0.53–0.82) 0.63 (0.5–0.70) 0.62 (0.54–0.70)

MRCI Model 431 (429–431) 0.64 (0.48–0.78) 0.65 (0.58–0.71) 0.62 (0.55–0.71)

MRCI and SAPS II Model 421 (419–422) 0.69 (0.53–0.83) 0.64 (0.57–0.70) 0.62 (0.55–0.69)

MRC-ICU Model 404 (402–405) 0.70 (0.52–0.83) 0.64 (0.56–0.74) 0.61 (0.55–0.70)

MRC-ICU and SAPS II Model 401 (399–402) 0.71 (0.57–0.84) 0.63 (0.57–0.70) 0.62 (0.56–0.70)

Medication Model 323 (320–324) 0.82 (0.71–0.93) 0.75 (0.69–0.81) 0.74 (0.68–0.80)

Full Model 402 (399–403) 0.71 (0.56–0.84) 0.64 (0.58–0.71) 0.62 (0.54–0.70)

Need for Mechanical Ventilation

Admission Model 304.62 (300.23–305.0) 0.85 (0.72–0.95) 0.79 (0.70–0.86) 0.8 (0.75–0.85)

MRCI Model 408 (406–409) 0.65 (0.48–0.80) 0.79(0.69–0.86) 0.80 (0.75–0.85)

MRCI and SAPS II Model 308 (304–308) 0.84 (0.73–0.94) 0.77 (0.69–0.86) 0.80 (0.75–0.85)

MRC-ICU Model 365 (362–366) 0.75 (0.62–0.873) 0.78 (0.69–0.86) 0.80 (0.76–0.84)

MRC-ICU and SAPS II Model 290 (286–291) 0.87 (0.77–0.96) 0.78 (0.71–0.86) 0.80 (0.75–0.86)

Medication Model 273 (269–274) 0.86 (0.75–0.96) 0.8 (0.71–0.88) 0.81 (0.76–0.86)

Full Model 286 (281–286) 0.87 (0.77–0.96) 0.78 (0.70–0.86) 0.80 (0.76–0.85)

Abbreviations: Akaike information criterion (AIC), receiver operating characteristic curve (AUC). AUC is pre-
sented as a median value and 95% CI.

When predicting the need for MV, MRC-ICU and SAPS II (AUC: 0.87 [0.77–0.96])
outperformed all other models. SAPS II and MRC-ICU at 24 and 48 h were among the top
important variables to predict the need for MV. Lastly, vasopressors and pulmonary agents
were among the top five medication classes identified when predicting the need for MV.
Hispanic ethnicity was found to be one of the top important variables in the MRCI and
MRC-ICU models for predicting mortality and need for MV (Figure 3).
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Figure 2. Performance of the prediction models for predicting the clinical outcomes. Receiver
operating characteristic curves (AUCs) for (A) ICU mortality, (B) ICU length of stay, and (C) need for
mechanical ventilation.
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Figure 3. Variable importance of the prediction models. Top 10 variables of importance were ranked
for 7 prediction models: ICU mortality (left panel), length of ICU stay (middle panel), and need for
mechanical ventilation (right panel).
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4. Discussion

4.1. Clinical Characteristics between MRC and Survivor Cohorts

We found that both MRC scores varied widely within the cohort. The regression
analysis confirmed that MRCI and MRC-ICU scores at 24 h were significantly associated
with all outcomes: mortality, LOS, and need for MV. Secondly, higher MRC scores were
associated with hemodynamic instability and higher APACHE II scores. Survivors had sig-
nificantly lower MRCI, MRC-ICU, APACHE II, and SAPS II scores. Thirdly, the MRC-ICU
and SAPS II Model improved the prediction of all three outcomes. Historically, the utility
of MRC scores and their relationships with clinical outcomes in the critical care setting
have not been fully established. Previous studies have suggested inconsistent findings
when investigating the MRCI score with medication nonadherence and hospitalization
in the outpatient settings [34–36]. In the ICU, MRC-ICU scoring has been correlated with
mortality, but it has not been explored for the LOS nor the need for MV. This study explored
the relationship between MRC-ICU scores and all three clinical outcomes. Although it did
not meet statistical significance, our study suggested that non-survivors had poorer renal
function, increased time on MV, and an extended ICU LOS [37–39]. Lastly, these findings
suggest that MRC scores should be further investigated to determine their association with
the LOS. Importantly, our findings have several real-world implications for the identifi-
cation, clinical management, and potentially prevention of poorer clinical outcomes in
critically ill adults with the highest MRC scores.

4.2. Associations between MRC Scores and Clinical Outcomes

Our results clearly demonstrated that both MRC scores at 24 h were associated with
mortality, suggesting they could be considered for incorporation into current practice
(Table 2). It is plausible to mention that MRC-ICU scores at 24 h showed slightly higher
association with all three clinical outcomes than MRCI scores at 24 h. Moreover, the
previously published ML model has demonstrated that MRC-ICU scores are associated
with ICU mortality [29]. Historically, MRC has been shown to be a better risk factor of
mortality than polypharmacy alone [35]. Interestingly, we found that Hispanic ethnicity
was one of the top 10 important variables identified for predicting mortality, LOS, and need
for MV. Historically, racial inequalities in critical illnesses and outcomes have been well
described [40]. For example, African American patients have the highest disease burden
requiring intensive care treatments and are more likely to die from sepsis. During the
COVID-19 pandemic, Hispanic patients have been found to have higher ICU utilization
and mortality than non-Hispanic patients [41].

4.3. Medication Use as Predictor of Clinical Outcomes

The use of vasopressors was a significant predictor in all clinical outcome models. In
practice, the use of vasopressors is indicated in patients with poorer health conditions, such
as decompensated heart failure and shock [42,43]. The frequent diagnosis of ICU-related
delirium has been a known contributing factor to the ICU LOS among other undesirable
outcomes [44–46]. Historically, numerous medications have been used to minimize the
duration of delirium, yet studies to identify a safe and effective agent are lacking. Our
findings of current psychiatric medications potentially contributing to an increase in time
on MV suggest the continued need to identify an agent to minimize the incidence and
duration of ICU delirium leading to extended time on MV and LOS.

The association of pulmonary and paralytic agent use with mortality and the need for
MV was anticipated in our findings as these therapeutic classes are commonly associated
with high-acuity diseases such as acute respiratory distress syndrome (ARDS) and acute
brain injury [47,48]. Therefore, our study supports the inclusion of medication-class usage
to predict critically ill outcomes. Most notably, the lack of medication-use evaluation
into the existing severity-of-illness scoring tools (i.e., SAPS II and APACHE II) is a major
shortcoming for their prediction accuracy. MRC scores may provide valuable information
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to bedside clinicians, including critical care pharmacists, who have been recognized as
essential members of the interdisciplinary care team by major societal organizations [49,50].

4.4. Implications of These Findings

MRC scores can be calculated and incorporated into the EHR to readily identify
patients at higher risk. During the COVID-19 pandemic, it has become even more evident
that the healthcare system and, in particular, the access and utilization of critical care
resources have become profoundly strained [51]. The early identification of higher-risk
patients based upon MRC scores can aid in triaging limited ICU resources. Currently, there
is no standardized MRC method for presenting safety alerts pertaining to medication use
in the ICU. The development and integration of MRC scores into clinical decision support
tools can alert interdisciplinary care team members to review and modify the medication
regimen to ensure safer, patient-centered care [52–55]. This study corroborates the need of
standardizing MRC scores within the critically ill population. The strength of our study
findings is three-fold: (1) rigorous statistical investigation to identify the MRC score as a
predictor of clinical outcomes, (2) evaluating the accuracy of incorporating MRC scores to
predict clinical outcomes, and (3) investigating the utility and usability of MRC scores in
the critically ill population.

Despite finding an association between MRC scores and all three clinical outcomes in
our regression modeling exercise, neither score is without its unique limitations [6,56]. The
MRCI has been established and validated for use in the outpatient setting only, but it does
not incorporate influential critical care medications for ICU patients [7,8,18,56,57]. On the
contrary, MRC-ICU does include critical care medications, yet it does not incorporate the
complexities of the pharmacotherapeutic regimen, such as the medication combinations,
dosages, or frequencies. Further, neither previously established scores consider pre-existing
comorbidities or severity of critical illness, which are crucial when assessing critical care
outcomes. Our results suggest that the inclusion of MRC scores into standardized severity
index scoring tools (i.e., APACHE II, SAPS II) can improve the prediction of critical care
outcomes (MRCI and SAPS II, and MRC-ICU and SAPS II models). However, these MRC
scoring tools need to be further validated using a larger critically ill patient cohort to
compare against existing standardized mortality prediction tools. We propose adopting
MRC scores, pre-existing comorbidities, and severity of illness into future modeling to
improve the accuracy of prediction.

4.5. Limitations

Our study must be considered in the context of several limitations. First, the retro-
spective nature of the study design exposes the risk of missing data that can contribute to
confounding bias. For example, our findings suggest that psychiatric medications increase
time on MV. However, these results can be confounded by (a) the exclusion of the weights
in MRCI score calculation for important medications (i.e., vasopressors and anti-infectives),
(b) the exclusion of weights in MRC-ICU score calculation for over-the-counter medications,
(c) the exclusion of patient’s disease severity, and (d) the exclusion of multiple combinations
of regimens. Second, we were unable to measure the previous exposure of MRC prior to
ICU admission due to unconfirmed and varying pre-admission medication use. Third,
these results may have been subjected to residual biases and unmeasured confounders
due to the exclusion of commonly associated conditions (i.e., diabetes, hypertension, and
dyslipidemia) as contributing factors to MRC scores. Fourth, selection biases could have
occurred as general admission criteria applied to patient selection regardless of disease
severity and prior to healthcare resource utilization. The generalizability of these findings
is limited as they may not apply to patients with specific and life-threatening diseases such
as ARDS, decompensated heart failure, and sepsis. Lastly, both MRC scores at 24 and 48 h
can be indirectly related to the LOS, as a higher LOS may constitute higher MRC scores for
the patients who remained admitted to the ICU for more than 48 h. Further research is nec-
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essary to control for the identified biases through a multi-centered randomized controlled
trial among critically ill patients.

5. Conclusions

In this retrospective cohort study, our findings suggested that higher MRC scores
were associated with poorer clinical outcomes (i.e., ICU mortality, LOS, and need for MV).
Moreover, we found that MRC scores in conjunction with current severity-of-illness scores
(i.e., APACHE II and SAPS II) improved the accuracy of the prediction of clinical outcomes.
However, the future application of these findings needs to be validated using large EHR
datasets from a more diverse patient population. Lastly, adopting these tools into the daily
clinical practice could become the standard of care.
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Abstract: Aims: Evidence for drug–drug interactions (DDIs) that may cause age-dependent differ-
ences in the incidence and severity of adverse drug reactions (ADRs) in newborns is sparse. We
aimed to develop machine learning (ML) algorithms that predict DDI presence by integrating each
DDI, which is objectively evaluated with the scales in a risk matrix (probability + severity). Methods:
This double-center, prospective randomized cohort study included neonates admitted to the neonatal
intensive care unit in a tertiary referral hospital during the 17-month study period. Drugs were
classified by the Anatomical Therapeutic Chemical (ATC) classification and assessed for potential
and clinically relevant DDIs to risk analyses with the Drug Interaction Probability Scale (DIPS,
causal probability) and the Lexicomp® DDI (severity) database. Results: A total of 412 neonates
(median (interquartile range) gestational age of 37 (4) weeks) were included with 32,925 patient days,
131 different medications, and 11,908 medication orders. Overall, at least one potential DDI was
observed in 125 (30.4%) of the patients (2.6 potential DDI/patient). A total of 38 of these 125 pa-
tients had clinically relevant DDIs causing adverse drug reactions (2.0 clinical DDI/patient). The
vast majority of these DDIs (90.66%) were assessed to be at moderate risk. The performance of
the ML algorithms that predicts of the presence of relevant DDI was as follows: accuracy 0.944
(95% CI 0.888–0.972), sensitivity 0.892 (95% CI 0.769–0.962), F1 score 0.904, and AUC 0.929 (95% CI
0.874–0.983). Conclusions: In clinical practice, it is expected that optimization in treatment can be
achieved with the implementation of this high-performance web tool, created to predict DDIs before
they occur with a newborn-centered approach.

Keywords: drug–drug interactions; machine learning; neonatal intensive care unit; adverse drug reactions

1. Introduction

Undesirable effects that occur in a potential or clinically relevant way with the concur-
rent use of two or more drugs are drug–drug interaction (DDI) and adverse drug reactions
(ADR) [1]. In the broadest sense, a DDI occurs whenever one drug affects the pharmacoki-
netics (PK), pharmacodynamics (PD), efficacy, or toxicity of another drug depending on
various factors such as drug-related (such as the mechanism of action, route of administra-
tion, dose, dose interval, duration of treatment, dosing times) and patient-related (such as
diagnosis, polypharmacy, pharmacogenetics, length of hospital stays) [2–4] factors. DDIs
often lead to increased healthcare costs, morbidity, and mortality, originating from 2.5 to
4.4% of ADRs and 3 to 5% of all inpatient medication errors [5,6].
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Many DDIs in neonatal intensive care unit (NICU) patients can remain unrecognized
by considering these various factors as well as the workload of the health care professionals.
Neonates, particularly admitted to the NICU, have increased the severity of DDIs to result
in more common/severe ADR compared to other populations due to physiological/organ
immaturity, congenital diseases, birth-related complications, and significant differences
in PKs such as extravascular total body water, immature renal/hepatic functions, plasma
protein concentrations, blood–brain barrier permeability [7,8]. As a recent illustration of
this complexity of DDI in neonates, Salerno et al. explored the impact of co-administration
of fluconazole on sildenafil disposition, including the PD-relevant metabolite (N-desmethyl
sildenafil). Interestingly, the AUC fold change in adults (2.11-fold) was different in infants
(2.82-fold), necessitating a dose reduction of about 60% to attain similar exposure [9].

With the digitalization of health and medicine and the widespread use of electronic
health records (EHR), healthcare professionals have begun to adopt the latest methodologies
of artificial intelligence (AI). Machine learning (ML) algorithms, a subtype of AI, can act
as a kind of co-pilot and predict DDIs before they occur with a patient-centered approach.
Due to the lack of comprehensive experimental data for neonates, high study cost, and
long experimental duration, the use of computational prediction and DDIs assessment is
an encouraging strategy to improve precision medicine: recognize the cases at higher risk
to mitigate risks. [10].

Although software DDI checkers for adults are widely available, most have lim-
ited clinical utility, especially for neonates. In this context, it was aimed to develop
ML algorithms and web tool that predict high-performance DDI by integrating each
DDI, which is objectively evaluated with the scales in risk matrix (probability + sever-
ity) (http://www.softmed.hacettepe.edu.tr/NEO-DEER_Drug_Interaction/ (accessed on
7 August 2022)).

2. Methods

2.1. Study Design and Population

Newborns (postnatal age between 0 and 28 days), patients admitted to the NICU for
at least 24 h, and patients who received at least one systemic drug during their hospital
stay were included in this double-center and prospective randomized cohort study from
February 2020 to June 2021. The newborns with hepatic or renal impairment excluded in
the study. The Institutional Review Board of Hacettepe University ethical approved this
study and written informed consent was obtained from each parent/legal guardian of the
participant (decision no. 2020/11-21). This study registered with the ClinicalTrials.gov
(accessed on 7 August 2022) (NCT04899960).

2.2. Data Acquisition

Patients’ follow-up was performed daily to acquire the clinical status via a compre-
hensive assessment by the multidisciplinary team including physicians, nurses, and a
clinical pharmacist. Demographical, clinical, and drug administration data were obtained
from routine follow-up for each patient. International Classification of Diseases 10th Re-
vision (ICD-10) codes for diagnoses, Anatomical Therapeutic Chemical (ATC) codes for
categorization of drugs were used for all patients.

2.3. Causal Probability, Severity, a Risk Matrix Development of DDIs

Potential DDIs with all drugs prescribed simultaneously in each NICU patient until
discharge was prospectively determined using the Lexicomp® DDI database, clinical and
laboratory findings by the clinical pharmacist. The inhibitor/inductor and substrate (victim)
drugs, mechanism of DDIs, ADRs of clinically relevant DDIs, and duration of exposure
(days) were prospectively registered.

The Drug Interaction Probability Scale (DIPS) was used to determine the causal probabil-
ity for each potential DDI. The DIPS consists of 10 questions and each question is answered
as ‘Yes’, ‘No’ or ‘Unknown or Not Applicable (NA)’, DDIs are categorized as >8 points
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‘highly probable’, 5–8 points ‘probable’, 2–4 points ‘possible’, and <2 points ‘doubtful’ [11].
By consensus, all DDIs except the ‘doubtful’ were considered clinically significant (any
score ≥ 2). In this study, the probability categories were numbered between 1 (doubtful) to
4 (highly probable).

The Lexicomp® DDI database was used to determine the potential severity of each
DDI. According to the Lexicomp® database, DDIs are rated as X (avoid combination),
D (consider therapy modification), C (monitor therapy), B (no action needed), and A (no
known interaction) [12]. In this study, the severity categories obtained were numbered
between 1 (A = no known interaction) and 5 (X = avoid combination).

These categories are placed in rows (severity, 1–4) and columns (probability, 1–5) in the
risk matrix, which consists of risk scores obtained by multiplying severity and probability
values. In this risk matrix, the risk category was obtained for each DDI as low (white),
moderate (light gray), and high (dark gray) risk. This risk matrix created was approved by
the consensus of the clinicians involved in the study.

2.4. Establishment, Optimization, and Validation of Random Forest Model

Primarily, statistically significant correlations and differences were examined among
all general and prescription information (as input variables), and the presence of DDI(s)
during hospitalization (as output variables) by univariate analyses. Input variables that
were found to be significant according to univariate analysis were chosen as independent
variables (p < 0.05). Secondly, the data set containing the dependent and independent
variables was randomly divided into train sets (70%) for obtain models and test set (30%)
for obtaining model performance. Since the 10-fold cross-validation method separates
the train data into train and validation sets, a separate validation set was not used when
dividing the data set. Elastic net, random forest (RF), and support vector machine (SVM)
with different kernel functions were used to compare model performances. The highest
performance was provided by RF and the study was analyzed with RF. The accuracy,
sensitivity (recall), specificity, positive predictive value (precision-PPV), negative predictive
value (NPV), F1 score, and area under ROC curve (AUC) were used as performance
measures in classification models to compare the performance of the models. A high-
performance model requires these measurements of 0.70 and above.

Accuracy is the ratio of correctly classified samples to the total number of samples.
Sensitivity and specificity are the ability of a model to correctly identify positive and
negative samples, respectively. PPV is an indicator of how many of the samples classified
as positive by the model are actually positive. NPV is an indicator of how many of the
samples classified as negative by the model are actually negative. F1 score is harmonic
mean of precision and recall. Lastly, AUC is an indicator of how well the classes are
separated from each other according to the model obtained.

The model performances were compared after parameter optimization to avoid over-
fitting with the tuneLength argument in the Classification and Regression Training (caret)
package [13]. Variable importance plots were used in the study to show the importance
order of the variables used in the prediction models.

Finally, data were collected prospectively to examine the predictive validity of the ML-
based model in a different hospital (Erasmus Medical Centre Sophia Children’s Hospital)
and country (The Netherlands) by the same web tool user (clinical pharmacist) to ensure
quality standard.

2.5. Statistical Analysis

For predictive models based on ML, it is not possible to measure the effect size as
in hypothesis testing. Instead of calculating the sample size according to the effect size
of a certain power level, rules of thumb such as taking 10 or 20 times the number of
independent variables as the sample size can be applied. In this study, it was planned to
have a maximum of 20 independent variables in the final models, so the minimum sample
size was determined as 400 patients, with 20 observations per variable [14]. Continuous
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variables were defined as the mean (standard deviation, SD) and median (range). The
normality of continuous variables was tested using the Shapiro–Wilk test. Categorical
variables were defined as percentages and were compared using the χ2 test. Univariate
analysis was carried out in IBM SPSS Statistics Version 23 software. For all tests, p < 0.05 was
considered statistically significant. All ML analyses were performed, using the open-source
software R (version 3.6.3, http://www.rproject.org (accessed on 7 August 2022)). In terms
of reproducibility, the seed number was set at 1234. Caret [13] package was used as the
primary package for model training, 10-fold cross-validation, and variable importance.
pROC [15], precrec [16], and ggplot2 [17] R packages were used for obtaining the ROC
curve. The quantitative features were normalized before training the models.

3. Results

3.1. Clinical Characteristics

During the study period, 468 newborns were admitted to the 22-bed capacity NICU
in a tertiary referral hospital. Fifty-six patients were excluded because of non-survival
(n = 21, 4.5%) or not receiving any systemic drug (n = 35, 7.4%). Therefore, 412 patients
were included in the study: 232 (56.3%) were males, 177 (43%) were preterm births, and
172 (41.7%) were low birth weight (<2500 g). According to the numeric variables, the
median (IQR) postnatal age (PNA) was 1 (1) day and the median (IQR) length of hospital
stay (LOS) was 8 (11) days. General and postnatal information about patients is given in
Table 1.

Table 1. Data acquisition parameters of the study (N = 412).

Population Characteristics

Sex, Male, n (%) 232 (56.3%)

Sex ratio (male/female) 1.29

5 min APGAR score, median (IQR) 8 (2)

Gestational age (weeks), median (IQR) 37 (4)

Extremely preterm (<28 weeks), n (%) 7 (1.7%)

Very preterm (28 to 32 weeks), n (%) 52 (12.6%)

Moderate preterm (32 to 34 weeks), n (%) 16 (3.9%)

Late preterm (34 to 37 weeks), n (%) 102 (24.8%)

Term (>37 weeks), n (%) 235 (57%)

SGA at admission, n (%) 88 (21.4%)

Birth weight (g), mean (SD) 2631.1 (877.2)

Extremely low birth weight (<1000 g), n (%) 26 (6.3%)

Very low birth weight (1000 to 1500 g), n (%) 27 (6.6%)

Low birth weight (1500 to 2500 g), n (%) 119 (28.9%)

Normal birth weight (>2500 g), n (%) 240 (58.3%)

Multiple birth, n (%) 53 (12.9%)

Caesarean section, n (%) 337 (81.8%)

Diagnosis (ICD-10), n (%)

Complications of labor and delivery, n (%) 165 (40%)

Infectious diseases, n (%) 46 (11.2%)

Diseases of the respiratory system, n (%) 46 (11.2%)

Diseases of the circulatory system, n (%) 37 (9%)

Other disorders of fluid, electrolyte, and acid-base balance, n (%) 26 (6.3%)
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Table 1. Cont.

Population Characteristics

Diseases of the digestive system, n (%) 24 (5.8%)

Diseases of the nervous system, n (%) 20 (4.9%)

Neonatal jaundice, n (%) 19 (4.6%)

Congenital malformations, deformations and chromosomal abnormalities, n (%) 15 (3.6%)

Metabolic disorders, n (%) 9 (2.2%)

Neoplasms, n (%) 6 (1.4%)

Drugs (ATC) (N = 2280), n (%)

J. Anti-infectives for systemic use, n (%) 905 (39.69%)

A. Alimentary tract and metabolism, n (%) 591 (25.92%)

N. Nervous system, n (%) 229 (10.05%)

B. Blood and blood-forming organs, n (%) 175 (7.67%)

C. Cardiovascular system, n (%) 170 (7.46%)

R. Respiratory system, n (%) 81 (3.55%)

H. Systemic hormonal preparations, n (%) 70 (3.07%)

S. Sensory organs, n (%) 31 (1.36%)

M. Musculo-skeletal system, n (%) 11 (0.48%)

G. Genito-urinary system and sex hormones, n (%) 10 (0.44%)

L. Antineoplastic and immunomodulating agents, n (%) 7 (0.31%)
APGAR: Appearance, Pulse, Grimace, Activity, and Respiration, SGA: Small for gestational age, ICD: International
Classification of Diseases 10th Revision, ATC: Anatomical Therapeutic Chemical.

A total of 412 NICU patients (5.53 drugs/patient/day) to whom 2280 drugs were
prescribed in 32,925 patient days and 11,908 medication orders (28.9 order/patient) were
prescribed with the computerized physician order entry (CPOE) system were prospectively
examined from prescribing to the follow-up process. The median (range) values of the total
number of drugs and anti-infectives used during the hospitalization period were 3 (0–29)
and 2 (0–9) respectively. According to the ATC, the most frequently prescribed drugs in
these orders were anti-infective (38.82%), alimentary tract and metabolism (32.89%), and
nervous system (8.07%) drugs. In the study period, a total of 131 different drugs were
prescribed. The most commonly used of these agents were intravenous fluids (12.06%),
gentamicin (8.03%), and ampicillin (7.81%). The rate of anti-infectives among the total
number of drugs prescribed was 39.96% (Table S1).

3.2. Characteristics of Potential and Observed DDIs: Incidence and Severity

At least one potential DDI was observed in 125 (30.4%) of the patients included in the
study. The total number of potential DDIs detected was 328 (2.6 potential DDI/patient,
range 1–15). Of these patients, 66 (52.8%) had 1 DDI, 15 (12.0%) 2 DDIs, 19 (15.2%) 3 DDIs,
25 (20.0%) 4 or more DDIs.

Of 125 patients with potential DDIs, 38 (30.3%) had clinically relevant DDIs known to
cause ADR were identified. The total number of clinically relevant DDIs observed in these
38 patients was 75 (2.0 clinically relevant DDI/patient, range: 1–5) (Figure 1). The vast
majority (65/75, 99.6 %) of observed clinically relevant DDIs were found to be of moderate
risk. Low- and high-risk clinically relevant DDIs were seen in 3 and 4 patients, respectively.
According to the risk matrix, while the mean risk score is 10.3 in patients with potential
DDIs, this score increases to 21.1 in patients with only clinically relevant DDIs.
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Figure 1. Distribution of potential and clinically relevant DDIs.

The most common clinically relevant DDI observed in patients was between van-
comycin and amikacin (17.3%). As a result of this DDI, the mean creatinine was above the
upper level to the baseline on the 17th day of this combination. It was recognized that this
DDI was determined as a ‘possible’ probability and C (monitoring) severity level. As a
result, when the probability and severity data were placed in the risk matrix, it was seen
that the DDI was ‘moderate’ risk. DDIs with clinical findings identified as high risk were
amiodarone–flecainide, caffeine–adenosine, midazolam–fentanyl, and linezolid–salbutamol
(Table 2).

When the probability and severity analysis of all potential DDIs were evaluated
separately, ‘doubtful’ probability (77.44%) and moderate (C = monitor therapy) severity
(79.88%) of DDIs were most commonly observed in the risk matrix (Table 3).

3.3. Development and Optimization of a Model to Predict the Presence of Clinically Relevant DDI

The parameters that have the highest correlation with DDIs and are included in the
model were: the total number of anti-infectives, total number of drugs, nervous system
drugs, cardiovascular system drugs, respiratory system drugs, and anti-infectives. When
considering the importance of the parameters included in the model, it was seen that the
most effective variable in predicting the DDI is the total number of anti-infectives (Figure 2).
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Table 3. Distribution of potential drug–drug interactions detected by probability and severity.

P SEVERİTY
R
O

A (1)
n = 1 (0.30%)

B (2)
n = 24 (7.32%)

C (3)
n = 262 (79.88%)

D (4)
n = 40 (12.20%)

X (5)
n = 1 (0.30%)

B
A

Highly Probable (4)
n = 3 (0.91%) 4 8 12 16 20

B
I

Probable (3)
n = 16 (4.88%) 3 6 9 12 15

L
I

Possible (2)
n = 55 (16.77%) 2 4 6 8 10

T
Y

Doubtful (1)
n = 254 (77.44%) 1 2 3 4 5

1–4 points (low risk-white), 5–10 points (moderate risk-light gray), 12–20 points (high risk-dark gray).

Figure 2. Variable importance plot (%) used to predict the presence of clinically relevant DDI.

The obtained model showed very high performance in predicting the presence of
DDI. Performance measurements of the model were as follows: accuracy 0.944 (95% CI
0.888–0.972), sensitivity 0.892 (95% CI 0.769–0.962), selectivity 0.966 (95% CI 0.913–0.991),
PPV 0.917 (95% CI 0.812–0.966), NPV 0.955 (95% CI) 0.906–0.979), F1 score 0.904, and AUC
0.929 (95% CI 0.874–0.983). The high AUC indicates that the model predicting the presence
of DDI correctly classified 92.9% of the patients (Figure 3).

Data were collected prospectively to examine the predictive validity of the model.
In total, a sample of 51 NICU patients was reached and 15.7% (n = 8) had observed DDI.
The model correctly classified 92% of them. Sensitivity and NPV were obtained as 0.75.
Sensitivity and PPV were obtained as 0.92. Similar to the results of the test data set,
prospective data set results had high sensitivity and PPV.
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Figure 3. AUC-ROC curve showing the performance of the model predicting the presence of clinically
relevant DDI.

4. Discussion

This study confirmed that the presence of ADRs (causal probability, DIPS) and risk
category of each DDI (severity, Lexicomp® DDI database) varies between patients. Related
to this variability, it was shown that the presence of DDIs can be predicted in neonates by
using ML algorithms that show high prediction performance in such complex models.

It is estimated that >70% of neonates in the NICU are exposed to DDIs [18]. In our
study, a total of 328 potential DDIs were detected in 30.4% of the patients included. More
than half of the patients had only one potential DDI during hospitalization. In 30.3% of
these patients with potential DDIs, clinically relevant DDIs were determined by an objective
DIPS. Looking at the broader picture, a potential DDI was detected in approximately a
third of the patients included in the study, and a clinically relevant DDI was detected in
a third of these patients (9.2% of the study population). Similarly, Choi et al. identified
clinically relevant DDIs in 16 (10.1%) PICU patients [19]. When putting our observations
on DDI incidence (potential 30%, clinically relevant 9%) into perspective, other cohorts
reported potential DDI incidences of 70, 13.2, or 66.2% [7,20,21].

The DIPS and Lexicomp® database are mostly used in adults in clinical practices and
studies. Although there is limited research on the implementation of the DIPS [22,23]
and Lexicomp® DDI database [24] in children, there is no study for its implementation
in neonates in the current literature. To the best of our knowledge, this is the first study
to use these measurements in neonates. Related to the causal probability and severity of
each potential DDI detected with the risk analysis matrix (Table 3), 77.44% were ‘doubt-
ful’ according to the DIPS, and 79.88% were in ‘category C = monitor’ according to the
Lexicomp® database. In a study evaluating the prevalence of potential DDIs in the NICU,
61.4% of these were in category C [21]. In a single-center retrospective study evaluating
the causal probability of DDIs, it was determined that 54.5% of clinically relevant DDIs

53



J. Clin. Med. 2022, 11, 4715

were ‘probable’ [19]. In our study, clinically relevant DDIs were determined as ‘probable’
at a lower rate (31.57 %). Accordingly, it is understood that the vast majority of DDIs are
potentially ongoing, and monitoring is sufficient for these DDIs without the need for any
intervention such as drug change, dose change, or drug discontinuation.

While 29–50% of potential DDIs were classified as major in two studies conducted in
the NICU, only 12.5% of DDIs were classified in the D or X category in our study [7,25]. In
another study conducted in the NICU, 37.5% of potential DDIs were determined as severe
or contraindicated [20].

When the DDIs were examined on causal probability (DIPS), only three potential DDIs
were identified as ‘highly probable’. These DDIs were observed for amiodarone–flecainide
(day 3 of use), midazolam–fentanyl (day 3 of use), and ciprofloxacin–phenytoin (day 5 of
use) (Table 2). For a full overview of the ADRs observed, refer to Table 2.

In the literature, the use of CPOE itself has not been associated with a significant
decrease in the rate of DDIs [4]. Therefore, there is a need for further development of a
clinical decision support system (CDSS) with ML algorithms within CPOE systems. Most
of the alerts generated by the legacy CDSS were related to DDIs and dosages [26]. Al-
though there are theoretical and review ML studies on DDI extraction from the biomedical
literature [27], DrugBank and other databases [28,29], bioinformatics algorithms to predict
DDI [30], and clinical safety DDI information retrieval [31], there are no real-life studies
that reflect clinical practice in neonates.

In our study, due to the balanced distribution of the patients with and without the DDI,
the high-performance model that predicts whether a DDI will occur in a patient with ML
algorithms has been designed successfully. According to this model, the most important
variables used in the prediction were, respectively: the total number of anti-infective drugs;
the total number of drugs; and nervous system, endocrine system, cardiovascular system,
respiratory system, and anti-infective drugs (AUC: 0.929). Our study hereby confirms
previously reported cohorts, with polypharmacy as a risk factor for potential DDI in the
NICU (OR: 1.60; p < 0.01) and PICU (≥11 prescribed medicines; p < 0.001) [7,25]. Similar to
our study, polypharmacy (OR: 4.8) and respiratory system drugs (OR: 3.8) were the main
risk factors associated with an increased incidence of DDIs in children with respiratory
disorders [32].

According to a study in which the DIPS, which was also used in our study, was
used in cardiovascular diseases, the predictive ability of probability scores showed good
performance (AUC: 0.800, p < 0.001) [33]. In our study, the model predicting the presence
of DDIs with ML algorithms showed a higher predictive ability (AUC: 0.929). In a study
in which more than 74,000 DDIs from 572 different drugs in DrugBank (only theoretical
information) were converted into a prediction model using deep learning techniques
using protein binding, substrate, and enzyme, the accuracy and AUC were found to be,
respectively, 0.885 and 0.921 [28]. In our real-life study, solely based on clinical data of
newborns, accuracy and AUC values were higher (accuracy: 0.944, AUC: 0.929), although
the number of patients and DDIs were lower. There are no ML-based studies in the literature
that predict whether DDIs will occur during the period from hospitalization to discharge
using clinical data.

It is reasonable to suggest that such prediction models could be instrumental in the
evolution to precision medicine, with the identification of a subgroup of patients at high
risk of DDI, instead of the alert fatigue related to an overload of automated alerts [26].
The limited duration of the study, number of patients, and absence of patient and health
service (policy) heterogeneity due to the double-center study design are limitations. Due
to the limited number of patients in a prospective study design, other parameters (risk
category, ADRs, etc.) could not be included as output variables because it reduces the
model performance.
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5. Conclusions

To our knowledge, this is the first study in the literature to predict the presence of
DDI using risk analysis and ML algorithms. Clinically significant DDIs were predicted
with high performance according to risk analysis in neonates with PK and PD properties
quite different from the pediatric and adult population. In this context, it is important
to predict the likelihood of a DDI event as part of precision medicine and individualized
treatment regimens.
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Abstract: The Saudi Food and Drug Authority (SFDA) approved sodium-glucose cotransporter-2
(SGLT2) inhibitors in 2018. The efficacy and safety of empagliflozin (EMPA) have been confirmed in
the U.S., Europe, and Japan for patients with type 2 diabetes mellitus (T2DM); however, analogous
evidence is lacking for Saudi T2DM patients. Therefore, the current study aimed to assess the efficacy
and safety of EMPA in Saudi patients (n = 256) with T2DM. This is a 12-week prospective, open-
label, observational study. Adult Saudi patients with T2DM who had not been treated with EMPA
before enrolment were eligible. The exclusion criteria included T2DM patients less than 18 years
of age, adults with type one diabetes, pregnant women, paediatric population. The results related
to efficacy included a significant decrease in haemoglobin A1c (HbA1c) (adjusted mean difference
−0.93% [95% confidence interval (CI) −0.32, −1.54]), significant improvements in fasting plasma
glucose (FPG) (−2.28 mmol/L [95% CI −2.81, −1.75]), and a reduction in body weight (−0.874 kg
[95% CI −4.36, −6.10]) following the administration of 25 mg of EMPA once daily as an add-on to
ongoing antidiabetic therapy after 12 weeks. The primary safety endpoints were the change in the
mean blood pressure (BP) values, which indicated significantly reduced systolic and diastolic BP
(−3.85 mmHg [95% CI −6.81, −0.88] and −0.06 mmHg [95% CI −0.81, −0.88], respectively) and pulse
rate (−1.18 [95% CI −0.79, −3.15]). In addition, kidney function was improved, with a significant
reduction in the urine albumin/creatinine ratio (UACR) (−1.76 mg/g [95% CI −1.07, −34.25]) and a
significant increase in the estimated glomerular filtration rate (eGFR) (3.54 mL/min/1.73 m2 [95%
CI 2.78, 9.87]). Furthermore, EMPA reduced aminotransferases (ALT) in a pattern (reduction in
ALT > AST). The adjusted mean difference in the change in ALT was −2.36 U/L [95% CI −1.031,
−3.69], while it was −1.26 U/L [95% CI −0.3811, −2.357] for AST and −1.98 U/L [95% CI −0.44,
−3.49] for GGT. Moreover, in the EMPA group, serum high-density lipoprotein (HDL) significantly
increased (0.29 mmol/L [95% CI 0.74, 0.15]), whereas a nonsignificant increase was seen in low-
density lipoprotein (LDL) (0.01 mmol/L [95% CI 0.19, 0.18]) along with a significant reduction in
plasma triglyceride (TG) levels (−0.43 mmol/L [95% CI −0.31, −1.17]). Empagliflozin once daily is
an efficacious and tolerable strategy for treating Saudi patients with insufficiently controlled T2DM
as an add-on to ongoing antidiabetic therapy.

Keywords: empagliflozin; safety; efficacy; Saudi patients; type 2 diabetes mellitus
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1. Introduction

The growing burden of type 2 diabetes mellites (T2DM) is a crucial issue in health care
worldwide. T2DM continues to increase in prevalence and incidence and is a significant
cause of human suffering and death. Despite sizable investments in clinical care, research,
and public health interventions, there appears to be no signal of reduction in the rate of
disease increase [1]. According to the World Health Organisation (WHO), Saudi Arabia has
the second highest diabetes prevalence of all Middle Eastern countries (7th in the world),
with an estimated population of seven million individuals living with diabetes and more
than three million with prediabetes [2–4]. Moreover, by 2030, this number is expected to
more than double [5].

EMPA was approved by the U.S. Food and Drug Administration (FDA) in 2014 as
an adjunct to diet and exercise to improve glycaemic control in adults with T2DM [6].
EMPA is a selective sodium-glucose cotransporter 2 (SGLT2) inhibitor. It is characterised
by its unique mechanism as a hypoglycaemic agent. Specifically, it depends on enhancing
glycosuria away from insulin independence. This unique mechanism enables EMPA to
achieve controllable hypoglycaemic action [7]. Studies conducted in the USA, Canada,
UK, and Japan have recommended using EMPA alone or together with other anti-diabetic
agents as a cost-effective oral treatment for T2DM once daily [8]. Many clinical trials have
reported the antihyperglycemic effect of EMPA due to a reduction in haemoglobin A1c
(HbA1c) and fasting plasma glucose (FPG) levels [9–12]. In addition, EMPA is reported to
reduce body weight, waist circumference, and body fat index in patients with T2DM [13,14].

In 2016, the U.S. FDA approved EMPA to reduce the risk of cardiovascular death in
adult patients with T2DM and cardiovascular disease. Many studies have documented
the relative reductions in the risk of cardiovascular death and hospitalisation with EMPA
versus placebo [7,15–18]. In addition, EMPA causes significant natriuresis [19], rapid
reductions in pulmonary artery pressure, and reduced LV volumes in patients with heart
failure and reduced ejection fraction (HFrEF) [20–22]. The cellular mechanism by which
EMPA improves cardiovascular outcomes is its ability to stimulate erythropoiesis via an
early increase in erythropoietin production in people with T2DM [23]. Early administration
of EMPA may attenuate changes in extracellular water and intracellular water (ICW) in
patients with acute myocardial infarction [24].

EMPA slows the progressive decline in kidney function in patients with HFrEF, with
or without diabetes [25,26]. The short- and long-term benefits of EMPA on urinary albumin
excretion have also been shown [27]. In addition, the haemodynamic effects of EMPA
associated with lower glomerular pressure may contribute to the long-term preservation of
renal function. [28]. Furthermore, EMPA improved glycaemic control in renal transplant re-
cipients with post-transplantation diabetes mellitus (PTDM) compared with a placebo [29].
Sattar et al. proved that EMPA reduces liver enzymes ALT and AST in patients with
T2DM in a pattern consistent with a reduction in liver fat, particularly when ALT levels are
high [30–32].

Several studies have reported the safety and efficacy of EMPA for T2DM [11,33–35].
EMPA was the first in class to not only demonstrate safe SGLT2 inhibition but also cardio-
and reno-protective effects in an adequately powered cardiovascular outcome trial [36].
However, EMPA was associated with an increased risk of hypoglycaemia and genital and
urinary tract infections [37].

The Saudi Food and Drug Authority (SFDA) approved SGLT2 inhibitors in 2018 [38].
The current SFDA-approved drugs in this class include canagliflozin, dapagliflozin, and
EMPA. Based on the literature, the efficacy and safety of empagliflozin have been confirmed
in the U.S., Europe, and Japan for patients with T2DM; however, analogous evidence
is lacking for Saudi T2DM patients. Therefore, we assessed the efficacy and safety of
empagliflozin as an add-on to ongoing antidiabetic therapy in Saudi adult patients with
T2DM in the Armed Forces Hospital, Southern Region between June and December 2021.
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2. Materials and Methods

2.1. Study Design and Patients

This was a prospective, open-label, observational clinical study conducted at the
Endocrine and Diabetes Centre of the Armed Forces Hospital, Southern Region (Saudi
Arabia) between June and December 2021. The study protocol was approved by the
Armed Forces Hospital, Southern Region Research Ethics Committee (Number: AFH-
SRMREC/2021/PHARMACY/503). All participants provided signed and dated informed
consent prior to screening.

Saudi adult participants aged ≥18 to <80 years were screened to determine whether
they met the inclusion criteria: Adult Saudi patients with T2DM in the Endocrine and
Diabetes Centre of the Armed Forces Hospital, Southern Region in Saudi Arabia. Patients
who had not been treated with EMPA before enrolment were eligible. The exclusion criteria
included T2DM patients less than 18 years of age, adults with type one diabetes, and
pregnant women. The study population had no cardiovascular or renal disease.

This study was designed to assess the safety and efficacy of EMPA in Saudi adult
patients with T2DM. Efficacy and safety analyses were based on a comparison between vari-
ables before treatment (baseline group) and in the patients treated with EMPA (25 mg/once
daily) for 12 weeks (EMPA group). Efficacy measurements included changes from base-
line in HbA1c levels, fasting plasma glucose (FPG) and body weight at week 12. Safety
assessments included changes in BP (SBP and DBP), pulse rate, kidney markers (urine
albumin/creatinine ratio (UACR) and estimated glomerular filtration rate (eGFR)), liver
markers (AST, ALT, and GGT), and serum lipids (LDL-c, HDL-c, and TG) at week 12 [39].

2.2. Patient Demographics at Baseline

Sample size calculations were based on a previous study of empagliflozin with insulin,
which suggested that empagliflozin would result in an HbA1c reduction of ~0.5% versus
placebo after 12 weeks of treatment, and a standard deviation (SD) of 1.0% [33]. The sample
size was 256 patients (113 males and 234 females) with the following characteristics: mean
age 58.9 years; males 58.2 and females 59.4. Of 256 patients, 234 (91%) had been diagnosed
with T2DM longer than five years, and 22 (9%) had been diagnosed for one to five years.
Participating patients had insufficient glycaemic control at baseline, with HbA1c levels
≥7% in 251 patients (97.6%). Further, 167 patients (65%) had HbA1c levels ≥9 despite
receiving insulin (156, 64%) or OHA (93, 36%) (Table 1).

Table 1. Patient demographics.

Patient Demographics

Sample volume, n 256

Age (years), mean (SD) 58.9 (10.75)

Sex Males, n 113

Females, n 143

Male age, mean (SD) 58.2 (11.88)

Female age, mean (SD) 59.4 (9.76)

Duration since Diagnosis of T2DM, (years)

Mean (SD) 16.7 (8.47)

<1, n (%) 0

1 to 5 22 (9%)

>5 234 (91%)

DM Treatment before Empagliflozin

Insulin + OHA (metformin) 156 (64%)

OHA (metformin) 93 (36%)
SD: Standard deviation, T2DM: Type 2 diabetes mellitus, DM: Diabetes mellitus, OHA: Orally administered
antihyperglycemic.
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2.3. Data Analysis

SPSS (Version 27.0, IBM, Armonk, NY, USA) was employed for statistical analysis
using the t-test for two independent samples to determine the rate of change in the means
of the two samples, standard deviations, and the level of confidence, which is estimated
at 0.05.

Confidence domain: If the level of significance required by researchers is 5%, then the
confidence level should be 95%. Thus, the confidence interval contains the possible values
of the statistical parameter, which, when subjected to a statistical test using the same sample,
will not be rejected. The level of statistical significance for all samples studied was less than
5%, which means that all rates of change in the mean were within the confidence range.

3. Results

3.1. Efficacy

The primary efficacy endpoints were changes in HbA1c, FPG, and body weight from
baseline at week 12 (EMPA group). The mean value of HbA1c decreased from 9.77 ± 1.76 to
8.85 ±4.83 with a change of −0.93 (−0.32, −1.54) at a rate of (−0.106) within the confidence
interval estimated CI at 95%. In addition, 181 participants (72%) experienced a reduction
in HbA1c ≥ 0.5% from baseline. Further, the number of participants with HbA1c ≥ 9%
decreased from 167 (65%) to 77 (30%), corresponding to an increase in the proportion of
individuals with HbA1c levels ≥8% to <9%, ≥7% to <8%, and <7.0% of (80 to 82), (4 to 76),
and (5 to 21), respectively. For participants on insulin and OHA (metformin) therapies (156,
64%), there was a reduction in mean HbA1c % from 9.94 ± 1.84 to 8.66 ±1.47, a change of
−1.28 (−1.03, −1.53) at a rate −0.147, accompanied by a reduction in insulin units from
9.94 ± 1.84 to 8.67 ± 1.47 (change −1.27). Meanwhile, for those on OHA only, the reduction
in HBA1c % was from 9.46 ± 1.56 to 8.31 ± 1.26 with a change of −1.11 (−0.799, −1.42).

The mean value of FPG reduced from 11.22 ± 4.79 to 8.95 ±3.37, a change of −2.28
(−2.81, −1.75) at a rate of (−0.25) and a 95% CI. A total of 63 participants had FPG levels
<7.8 at baseline increased to 115 at week 12. Individuals with FPG levels from 7.8 to <11.0
(80 to 86), while the number with FPG levels ≥11 decreased from 113 to 55. Mean body
weight decreased from 89.99 ± 18.09 to 88.03 ± 18.47 with a change of −0.874 (−4.36,
−6.10) at a rate of −0.02 (Tables 2 and 3 and Figure 1).
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Figure 1. Change from baseline in HbA1c%, FPG mmol/L, and body weight kg at week 12 (t-test).

60



J. Clin. Med. 2022, 11, 4769

Table 2. Efficacy and Safety Parameters at baseline and week 12.

Baseline Group Empagliflozin Group Change
AmountMean (SD) Mean (SD)

Efficacy:

Haemoglobin A1c HbA1c, (%) 9.77 ± 1.76 8.85 ± 4.83 −0.92

Participants treated with Insulin + OHA, HbA1c, (%) 9.94 ± 1.84 8.66 ± 1.47 −1.27

Participants treated with 9.46 ± 1.56 8.31 ± 1.26 −1.15OHA, HbA1c, (%)

Fasting Plasma Glucose FPG, mmol/L 11.27 ± 4.79 8.95 ± 3.37 −2.32

Body weight, kg 89.99 ± 18.09 88.03 ± 18.47 −1.96

Safety:

Systolic Blood Pressure SBP, mmHg 142.6 ± 19.45 138.8 ± 20.23 −3.8

Diastolic Blood Pressure DBP, mmHg 79.6 ± 20.32 79.4 ± 21.14 −0.2

Pulse Rate, (bpm) 85.98 ± 11.33 84.80 ± 13.52 −1.18

Kidney Function Status

Urine Albumin/Creatinine Ratio UACR (mg/g) 20.39 ± 43.72 17.12 ± 40.05 −3.27

eGFR, mL/min/1.73 m2 51.12 ± 120.45 72.51 ± 22.80 21.39

Liver Function Status

Aspartate aminotransferase AST, U/L 22.92 ± 8.10 21.65 ± 6.38 −1.26

Alanine aminotransferase ALT, U/L 25.96 ± 8.09 23.91 ± 11.71 −0.70

A gamma-glutamyl transferase (GGT), U/L 30.29 ± 25.15 27.12 ± 18.32 −4.31

LDL- cholesterol, mmol/L 2.543 ± 0.93 2.544 ± 1.50 0.0009

HDL- cholesterol, mmol/L 1.69 ± 3.59 1.98 ± 0.22 0.29

Triglycerides TG, mmol/L 2.11 ± 5.90 1.66 ± 0.20 −0.45

HbA1c: haemoglobin A1c (glycosylated haemoglobin), FPG: fasting plasma glucose, SD: standard deviation,
OHA: Orally administered antihyperglycemic, eGFR: Estimated glomerular filtration rate, LDL: Low-density
lipoprotein, HDL: High-density lipoprotein, AST: Aspartate aminotransferase, ALT: Alanine transaminase and
TG: Triglycerides. A comparison between Empagliflozin-treated group at week 12 with the same group at bassline.
Data are n (%) or mean (SD).

Table 3. Change in Efficacy and Safety Parameters at week 12.

Baseline Start Treatment
Empagliflozin

Change from Baseline
at Week 12

Rate of
Change

Efficacy variables
Mean change in HbA1c −0.93 (−0.32, −1.54) −0.106from baseline, % (95% CI)

Mean ± SD −0.93 ± 4.93
<7.0% 5 (0.02) 21 (0.08) 0.76

≥7% to <8% 4 (0.016) 76 (0.30) 0.95
≥8% to <9% 80 (0.31) 82 (0.32) 0.02

≥9% 167 (0.65) 77 (0.30) −0.54

Decrease in HbA1c (%) in participants:
≥ 0.5%, n, (%) 181(0.71)

Treated with insulin + OHA, HbA1c, (%) −1.28(−1.03, −1.53) −0.147
Treated with OHA, HbA1c (%) −1.11(−0.799, −1.42) −0.139

Decrease in insulin units in participants treated with insulin + OHA 9.94 ± 1.84 8.67 ± 1.47 −1.27

Mean change in FPG −2.28 (−2.81, −1.75) −0.25from baseline (95% CI)
Mean ± SD −2.27 ± 4.22
<7.8, n, (%) 63 (0.25) 115 (0.45) 0.83
7.8 to <11.0 80 (0.32) 86 (0.34) 0.08

≥11 113 (0.44) 55 (0.21) −0.51

Mean change in body weight −0.874 (−4.36, −6.10) −0.02from baseline (95% CI)
Mean ± SD −1.96 ± 11.98
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Table 3. Cont.

Baseline Start Treatment
Empagliflozin

Change from Baseline
at Week 12

Rate of
Change

Safety variables
Mean change in SBP −3.85 (−6.81, −0.88) −0.03from baseline, % (95% CI)

Mean ± SD −3.82 ± 23.4

Mean change in DBP −0.06 (−0.81, −0.88) −0.001from baseline, % (95% CI)
Mean ± SD −0.05 ± 0.28

Mean change in pulse rate −1.18 (−0.79, −3.15) −0.01from baseline (95% CI)
Mean ± SD −1.18 ± 15.46

Kidney Function Status
Mean change in Urine Albumin/ −0.067Creatinine Ratio UACR (mg/g) −1.76 (−1.07, −34.25)

Mean ± SD −1.76 ± 103.5
<30, n, (%) 126 (0.50) 177(0.70) 0.4

30 to <300 n, (%) 51(0.21) 67 (0.27) 0.31
≥300, n, (%) 75 (0.29) 8 (0.03) −0.89

Mean change in body eGFR 3.54 (2.78, 9.87) −0.418from baseline, kg (95% CI)
Mean ± SD 3.54 ± 45.98
≥90, n, (%) 49 (0.19) 55 (0.21) 0.02
60 to < 90 120 (0.47) 116 (0.45) −0.018
30 to < 60 87 (0.34) 84 (0.33) −0.016

Liver Function Status
Mean change in AST −1.26 (−0.3011, −2.227) −0.058from baseline (95% CI)

Mean ± SD −1.263 ± 7.72

Mean change in ALT −2.36 (−1.031, −3.69) −0.029from baseline (95% CI)
Mean ± SD −2.36 ± 10.75

Mean change in GGT −4.31 (−2.33, −6.28) −0.159from baseline (95% CI)
Mean ± SD −4.31 ± 15.66

Mean change in LDL 0.005 (0.192, 0.18) 0.0004from baseline (95% CI)
Mean ± SD 0.005 ± 1.46

Mean change in HDL 0.29 (0.74, 0.15) 0.171from baseline, kg (95% CI)
Mean ± SD 0.293 ± 3.61

Mean change in TG −0.43 (−0.31, −1.17) −0.271from baseline (95% CI)
Mean ± SD −0.45 ± 5.98

A comparison between EMPA treated group at week 12 with the same group at baseline. Data are n (%) or
mean (SD).

3.2. Safety

Safety endpoints included changes in SBP, pulse rate, and kidney and liver function
status at week 12. SBP decreased from 142.6 ± 19.45 to 138.8 ± 20.23, a change of −3.85
(−6.81, −0.88) at a rate of −0.03. There was a slight reduction in DBP from 79.6 ± 20.32
to 79.4 ± 21.14, a change of −0.06 (−0.81, −0.88) at a rate of −0.001. Moreover, there was
a reduction in pulse rate from 85.98 ± 11.33 to 84.80 ± 13.52, a change of −1.18 (−0.79,
−3.15) at a rate of −0.01 (Tables 2 and 3 and Figure 2).

It is apparent from Tables 2 and 3 that kidney function status improved, with a
reduction in UACR from 20.39 ± 43.72 to 17.12 ± 40.05 at week 12, a change of −1.76 (−1.07,
−34.25) at a rate of −0.067. The number of participants with UACR levels ≥300 decreased
from 75 to 8, accompanied by an increase in the number of patients with UACR levels
of 30 to <300 and <30 (from 51 to 67 and 126 to 177 patients, respectively). Furthermore,
estimated eGFR also increased from 51.12 ± 120.45 to 72.51 ± 22.80, a change of 3.54 (2.78,
9.87) at a rate of 0.418. The number of participants with normal eGFR (≥90) increased from
49 to 55, along with a reduction in the number of participants with mild eGFR (60 to < 90;
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from 120 to 116 patients) and moderate-to-severe eGFR (30 to < 60; from 86 to 84 patients).
For one participant with severely decreased eGFR (<30), no change was observed (Figure 3).
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Figure 2. Change from baseline in SBP mmHg, DBP mmHg, and pulse rate bpm at week 12 (t-test).
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Figure 3. Change from baseline in UACR mg/g and eGFR mL/min/1.73 m2 at week 12 (t-test).

The results shown in Tables 2 and 3 show the rates of change in hepatic function status
between the baseline and EMPA groups. AST decreased from 22.92 ± 8.10 to 21.65 ± 6.38,
a change of −1.26 (−0.3011, −2.227) at a rate of −0.06. ALT decreased from 25.96 ± 8.09
to 23.91 ± 11.71, a change of −2.36 (−1.03, −3.69) at a rate (−0.029). GGT decreased
from 30.29 ± 25.15 to 27.12 ± 18.32, a change of −4.31 (−2.33, −6.28) at a rate of −0.159.
Interestingly, lipid profiles improved as well (Tables 2 and 3). HDL increased significantly
from 1.69 ± 3.59 to 1.98 ± 0.22, a change of 0.29 (0.74, 0.15) at a rate of 0.171, while LDL
increased non-significantly from 2.543 ± 0.93 to 2.544 ±1.50, a change of 0.005 (0.192,
0.18) at a very small rate of 0.0004. Additionally, TG levels decreased from 2.11 ± 5.90 to
1.66 ± 0.20, a change of −0.43 (−0.31, −1.17) at a rate of −0.271 (Figure 4).
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Figure 4. Change from baseline in AST U/l, ALT U/L, GGT U/L, LDL mmol/L, HDL-c mmol/L,
and TG mmol/L at week 12 (t-test).

4. Discussion

The present study was designed to determine the efficacy and safety of EMPA for
Saudi T2DM patients. In this 12-week study, once-daily add-on administration of EMPA
(25 mg) resulted in significant decreases in HbA1c, FPG, and body weight for Saudi
participants with insufficiently controlled T2DM on insulin or OHA. The meaningful
improvement in HbA1c was seen in the participants with HbA1c ≥ 9.0, representing 65%
of individuals at baseline group. Furthermore, after 12 weeks of treatment, a decrease in
HbA1c ≥ 0.5% from baseline was recorded in 239 (93%) of the participants receiving 25 mg
of EMPA. These findings are in line with those of another study that found that 12-week
treatment with EMPA monotherapy resulted in similar reductions in HbA1c, FPG, and
body weight compared to a placebo in drug-free patients with T2DM [40]. Reductions
in HbA1c, FPG, and body weight were also consistent with those reported from 12-week
studies on other SGLT2 inhibitors [33,41,42]. EMPA as an added therapy to insulin resulted
in a significant reduction in insulin units, consistent with the results reported by [43].
Control of blood glucose levels is important in diabetic patients but often associated with
weight gain [44]. The potential for a reduction in body weight is a notable feature of SGLT2
inhibitors [45,46] and may make them useful agents to combine with other antidiabetic
therapies to reduce glucose levels and facilitate weight loss or mitigate any weight gain
associated with improved glycaemic control [13]. Caloric loss through urinary glucose
excretion may be an important contributor to this effect [22].

The reduction in BP observed in the current study is consistent with a reduction in
SBP reported with a 25 mg dose of EMPA [47]. It is conceivable that EMPA stimulates
osmotic diuresis through increased glycosuria rather than natriuresis, which may play a
role in the potential antihypertensive effects of EMPA [48] and support its mechanism as
an inhibitor of the renin–angiotensin system [49]. In addition, in Black individuals with
T2DM, EMPA reduced BP although the full antihypertensive effect took ≥ 6 months to be
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fully realised [50]. Moreover, the cardioprotective mechanism of SGLT2 is reported [51].
The hypotheses on SGLT2 mechanisms of action have changed: from simple glycosuric
drugs, with consequent glucose lowering, erythropoiesis enhancing, and ketogenesis
stimulating, to intracellular sodium-lowering molecules. This provides their consequent
cardioprotective effect, which justifies its significant reduction in CV events, especially in
populations at higher risk [51]. Hyperglycaemia is a well-established cause of endothelial
dysfunction (ED) in the pathophysiology of diabetic complications This abnormal vascular
phenotype represents an important risk factor for the genesis of any complication of
diabetes, contributing to the pathogenesis of not only macrovascular disease but also
microvascular damage. Gliflozins have cardiovascular protective mechanisms of SGLT2
inhibition in patients T2DM and their impact on endothelial function [52].

The present study demonstrated an improvement in kidney function, reduced UCAR,
and improved eGFR. Diabetes-associated kidney disease is the most common cause of
end-stage renal disease in most countries. Diabetic kidney disease, which develops in
approximately 40% of patients with T2DM, further increases the risk of cardio-vascular-
related morbidity and mortality [53]. Reported kidney protection with EMPA supports
our results [25,54]. It has also been shown that EMPA has a beneficial effect on key efficacy
outcomes and slows the rate of kidney function decline in patients with and without chronic
kidney disease CKD, regardless of the severity of kidney impairment at baseline [25]. The
renal-protective effects of EMPA are likely due to a combination of several mechanisms,
including EMPA-associated body weight and BP reductions, diuresis, a shift in substrate
utilisation, and activation of tubuloglomerular feedback [53]. In addition, haemodynamic
effects of EMPA, associated with a reduction in intraglomerular pressure, may contribute
to long-term preservation of kidney function [28]. The fact that SGLT2 inhibition is also
associated with small decreases in eGFR over the first 3–4 weeks’ treatment suggests that
reductions in intraglomerular pressure associated with EMPA may further contribute to
the UCAR-lowering effects [55].

Mechanistic insights suggest that ectopic liver fat is probably part of the pathogenic
process in diabetes, contributing to hepatic insulin resistance, excess gluconeogenesis, and
higher fasting glucose levels [56]. Furthermore, hepatic steatosis due to non-alcoholic
fatty liver disease (NAFLD) leads to and is often clinically suspected by increased levels
of aminotransferases, with levels of alanine aminotransferase (ALT) exceeding those of
aspartate aminotransferase (AST). Elevated ALT levels (typically >40–50 U/l) are common
in individuals with type 2 diabetes and for a given serum ALT, and those with type 2 dia-
betes have more liver fat compared with BMI-, age-, and sex-matched individuals without
diabetes [30]. The mechanisms by which empagliflozin might reduce aminotransferases or
liver fat are unclear. Data from animal models support a direct effect of empagliflozin on
reducing liver fat and improving hepatic glucose handling. In db/db mice, glucose uptake
in the liver and kidneys has been reported to be higher in mice treated with empagliflozin
than in controls [57]

In this study, EMPA was found to elicit reductions in aminotransferases ALT, AST,
and GGT in Saudi patients with T2DM, and the reduction in ALT was greater than the
reduction in AST. These results match those observed in an earlier study [58]. This pattern
is consistent with a reduction in liver fat, especially when ALT levels are high [30].

One of the most important clinically relevant findings of the current study was the
reduction in plasma TG levels and the increase in HDL-c but not LDL-c levels. These
findings are in agreement with [58]. The mechanism behind this finding was also reported.
Specifically, EMPA increases serum campesterol, a marker of cholesterol absorption, in pa-
tients with T2DM. This increase may be associated with SGLT2 inhibitor-induced increases
in HDL cholesterol [59]. Further research is needed to investigate the adverse effects of
EMPA on Saudi population with T2DM, which have not yet been documented.
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5. Conclusions

This is the first study reporting the efficacy and safety of EMPA as an add-on to
antidiabetic therapy (insulin or oral hypoglycaemic agent) in Saudi patients with T2DM.
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Abstract: Background: Metformin had been recommended as the first-line treatment for type 2 diabetes
since 2006 because of its low cost, high efficacy, and potential to reduce cardiovascular events, and thus
death. However, dipeptidyl peptidase-4 (DPP-4) inhibitors are the most commonly prescribed first-line
agents for patients with type 2 diabetes in Japan. Therefore, it is necessary to clarify the effect of DPP-4
inhibitors on preventing cardiovascular events, taking into consideration the actual prescription of
antidiabetic drugs in Japan. Methods: This study examined the effect of DPP-4 inhibitors on preventing
cardiovascular events. The Japanese Adverse Drug Event Report (JADER) database, a spontaneous
reporting system in Japan, and the Japanese Medical Data Center (JMDC) Claims Database, a Japanese
health insurance claims and medical checkup database, were used for the analysis. Metformin was
used as the DPP-4 inhibitor comparator. Major cardiovascular events were set as the primary endpoint.
Results: In the analysis using the JADER database, a signal of major cardiovascular events was detected
with DPP-4 inhibitors (IC: 0.22, 95% confidence interval: 0.03–0.40) but not with metformin. In the
analysis using the JMDC Claims Database, the hazard ratio of major cardiovascular events for DPP-4
inhibitors versus metformin was 1.01 (95% CI: 0.84–1.20). Conclusions: A comprehensive analysis
using two different databases in Japan, the JADER and the JMDC Claims Database, showed that DPP-4
inhibitors, which are widely used in Japan, have a non-inferior risk of cardiovascular events compared
to metformin, which is used as the first-line drug in the United States and Europe.

Keywords: dipeptidyl peptidase-4 inhibitors; metformin; major cardiovascular events; disproportionality
analysis; real-world evidence study

1. Introduction

Type 2 diabetes is associated with a variety of complications that not only worsen an
individual’s quality of life [1], but also place a significant burden on medical and social
welfare systems [2]. Therefore, achieving and maintaining target blood glucose levels is
essential in the treatment of diabetes. The American Diabetes Association and the European
Association for the Study of Diabetes [3,4] have recommended metformin as the first-line
treatment for type 2 diabetes since 2006 because of its low cost, high efficacy, and potential
to reduce cardiovascular events, and thus death [5]. Several studies have demonstrated the
effect of metformin on reducing cardiovascular complications [6–9].

However, not only do the genetic backgrounds of diabetes onset differ between
Japanese and European people [10], but Japanese type 2 diabetics are also less susceptible
to insulin secretion disorders, less obese, and have a lower prevalence of cardiovascular
complications than type 2 diabetics in Europe and North America [11,12]. Therefore, the
Japanese Diabetes Society recommends considering the differences in the pathogenesis
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of type 2 diabetes between Japanese and European people, and antidiabetic therapeutic
agents should be selected according to the pathogenesis of the disease, rather than using
specific drugs such as metformin as a first-line treatment [13].

Several studies have reported on the trends of antidiabetic drugs in Japan and com-
pared their efficacy and cost [14,15]. An analysis of the National Database of Health Insur-
ance Claims and Specific Health Checkups of Japan reported that, unlike in the United States
and Europe, dipeptidyl peptidase-4 (DPP-4) inhibitors are the most frequently prescribed
first-line drugs for patients with type 2 diabetes in Japan [15]. Furthermore, randomized
placebo-controlled cardiovascular outcome trials on DPP-4 inhibitors including the SAVOR-
TIMI 53 trial (where DPP-4 inhibition with saxagliptin did not increase or decrease the
rate of ischemic events) [16], the TECOS trial (where adding sitagliptin to a patient’s usual
care did not appear to increase the risk of major adverse cardiovascular events) [17], the
EXAMINE trial (where the rates of major adverse cardiovascular events were not increased
with alogliptin as compared with a placebo) [18], and the CARMELINA trial [19] (where
linagliptin being added to a patient’s usual care compared with a placebo being added
to a patient’s usual care resulted in a non-inferior risk of composite major cardiovascular
events) yielded non-inferior results. The CAROLINA study, a randomized controlled trial
on linagliptin and glimepiride, also reported that the risk of cardiovascular events with
DPP-4 inhibitors was non-inferior [20]. Meanwhile, the analyses of the Food and Drug
Administration (FDA) and the Adverse Event Reporting System (FAERS), a spontaneous
reporting system, suggested a mildly increased risk of cardiovascular events associated
with the use of DPP-4 inhibitors [21,22]. Recently, with the increasingly widespread use of
DPP-4 inhibitors, uncertainty regarding the risk of cardiovascular events associated with
DPP-4 inhibitors has received increased attention given their clinical significance.

In this study, the effect of DPP-4 inhibitors on the prevention of cardiovascular events
in consideration of the actual prescription of antidiabetic drugs in Japan was investigated.
The Japanese Adverse Drug Event Report (JADER) database, a spontaneous reporting
system in Japan, and the JMDC Claims Database, a database of health insurance claims
and medical examinations in Japan, were used to conduct the analyses.

2. Materials and Methods

2.1. Disproportionality Analysis
2.1.1. Data Source

This study used 565,454 registered cases from the JADER database, which was released
in October 2019. Generally, only cases of reported AEs, and not of all patients using the
drug, are registered in the spontaneous reporting system. Because of this, it was not
possible to calculate the incidence of an AE in the JADER case data. Therefore, signal
detection using disproportionality analysis was performed.

2.1.2. Definitions of Suspected Drugs and Adverse Events

The suspect drugs were metformin and DPP-4 inhibitors (alogliptin, anagliptin,
linagliptin, omarigliptin, saxagliptin, sitagliptin, teneligliptin, trelagliptin, and vildagliptin).
However, combination drugs were excluded. The preferred term (PT) used in the Medical
Terminology for Regulatory Activities/Japanese version (MedDRA/J) was used to identify
adverse events, and PTs related to major cardiovascular events (defined as myocardial
infarction and a stroke) and heart failure were included in this study.

2.1.3. Statistical Analysis

Although several algorithms were available for signal detection [23], in this study, the
Bayesian Confidence Propagation Neural Network (BCPNN), which is also used by the World
Health Organization-Uppsala Monitoring Center (WHO-UMC), was used [24]. The signal
indicator is the information component (IC), and the detection criterion is the lower limit of the
95% credible interval of the IC; IC025 > 0 (Appendix A: Table A1, Equations (A1)–(A4)).
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2.2. Real-World Evidence Study
2.2.1. Data Source

This study used the Japanese Medical Data Center (JMDC) Claims Database (JMDC
Inc., Tokyo, Japan), which contains anonymous data provided by the employer’s health
insurance organizations. The subscriber information, which included sex, date of birth, and
diagnoses, was recorded based on International Classification of Diseases, Tenth Edition
(ICD-10) codes.

2.2.2. Patients

Patients aged <75 years who were new users of DPP-4 inhibitors or metformin from
April 2017 to June 2017 were included in the study. New use was defined as the initiation of any
drug by a patient who had not used any drug in the previous 3 months. The exclusion criteria
(Table S1) were patients who had a major cardiovascular event within the past 3 months and
those who had taken a controlled drug within 12 months of the start of the study (Figure 1).

Figure 1. Flowchart of patient inclusion in the study cohort of the new user of dipeptidyl Peptidase-4
(DPP-4) inhibitors and metformin.

2.2.3. Confounder Control and Matching

The propensity score method controlled 42 potential confounders, including demo-
graphic factors, comorbidities, and drug treatment (Table S2). Propensity scores were
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estimated using logistic regression analysis. They were then matched in a 1:1 ratio using
the nearest neighbor matching algorithm (caliper is 0.2 times the standard deviation of the
logit score).

2.2.4. Outcomes

Major cardiovascular events (defined as myocardial infarction and a stroke) and
heart failure were set as the endpoints of the study. Cardiovascular event outcomes were
identified from the primary diagnosis assigned at admission (ICD-10 codes in Table S3), as
captured by the JMDC Claims Database.

2.2.5. Statistical Analysis

Patients were followed from the start of medication to the outcome event, unless they
migrated, died, or reached 75 years of age, or until the study’s termination. The primary
aim was to establish the non-inferiority of DPP-4 inhibitors compared with metformin
over time for each cardiovascular event, defined by the upper limit of the 2-sided 95%
confidence interval (CI) for the hazard ratio (HR) of DPP-4 inhibitors relative to metformin
being less than 1.3 [25]. This margin (i.e., an upper limit of the 2-sided 95% CI < 1.3) was the
same as in previous studies of DPP-4 inhibitors versus a placebo [15] and was deemed able
to demonstrate a reassuring point estimate of the overall cardiovascular risk between study
groups in the context of a non-inferiority assessment by the FDA [16]. Cox proportional
hazards regression was used from the start of the treatment and the time axis was used
to estimate the HR. Statistical analysis was performed using IBM SPSS Statistics 24.0 J
(Armonk, New York, NY, USA).

3. Results

3.1. Disproportionality Analysis

The signals of disproportionate reporting (SDRs) for DPP-4 inhibitors were detected in
major cardiovascular events (IC: 0.22, 95% credible interval: 0.03–0.40), and in the AEs of
myocardial infarction (IC: 1.21, 95% credible interval: 0.87–1.55), and heart failure (IC: 0.40, 95%
credible interval: 0.17–0.63). In contrast, an SDR was detected only in the AE of myocardial
infarction (IC: 0.73, 95% credible interval: 0.004–1.46) with metformin treatment (Table 1).

Table 1. Number and signal score of adverse events.

Adverse Event Drug Class/Drug N11
IC (95% Credible

Interval)

Major cardiovascular events DPP-4 inhibitors 249 0.22 (0.03–0.40)
Metformin 40 −0.53 (−0.98–−0.07)

Myocardial infarction DPP-4 inhibitors 162 1.21 (0.87–1.55)
Metformin 19 0.73 (0.004–1.46)

Heart failure DPP-4 inhibitors 75 0.40 (0.17–0.63)
Metformin 15 −0.78 (−1.43–−0.13)

Stroke DPP-4 inhibitors 174 −0.07 (−0.30–0.15)
Metformin 25 −0.96 (−1.53–−0.39)

DPP-4: dipeptidyl peptidase-4, IC: information component, N11: number of reports (refer to Appendix A; Table A1).

3.2. Real-World Evidence Study
3.2.1. Cohort

During the study period, 5531 new DPP-4 inhibitor users and 2857 new metformin
users were identified (Table S4), among which a cohort of 2474 DPP-4 inhibitor users and
2474 metformin users were discovered using 1:1 propensity score matching (Table S5). The
cohort was balanced for all measured covariates, with a mean age of 52.2 ± 9.74 years
(mean ± standard deviation) and containing 3499 males (70.3%). The overall follow-up
period was 33.1 ± 11.3 months, 32.6 ± 11.7 months in the DPP-4 inhibitor group and
33.6 ± 10.9 months in the metformin group.
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3.2.2. Outcomes

During the follow-up period, 239 (9.7%) DPP-4 inhibitor users and 244 (9.9%) metformin
users developed major cardiovascular events. Additionally, 288 (11.6%) DPP-4 inhibitor users
and 270 (10.9%) metformin users developed heart failure. Other myocardial infarctions occurred
in 99 (4.0%) DPP-4 inhibitor users and in 114 (4.6%) metformin users. Moreover, strokes occurred
in 161 (6.5%) DPP-4 inhibitor users and in 149 (6.0%) metformin users (Table 2).

The cumulative incidence of cardiovascular events is shown in Figure 2.

Figure 2. Cumulative incidence of cardiovascular events associated with use of dipeptidyl Peptidase-4
(DPP-4) inhibitors, compared with use of metformin.
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Table 2. Number and incidence of adverse events.

Adverse Event
DPP-4 Inhibitors (%)

Total: n = 2424
Metformin (%)
Total: n = 2424

Major cardiovascular events 239 (9.7) 244 (9.9)
Myocardial infarction 99 (4.0) 114 (4.6)

Heart failure 288 (11.6) 270 (10.9)
Stroke 161 (6.5) 149 (6.0)

DPP-4: dipeptidyl peptidase-4.

The HRs for DPP-4 inhibitors vs. metformin were 1.01 (95% CI: 0.84–1.20) for ma-
jor cardiovascular events, 0.89 (95% CI: 0.68–1.16) for myocardial infarction, 1.11 (95%
CI: 0.94–1.31) for heart failure, 1.12 (95% CI: 0.89–1.40) for a stroke, and 1.06 (95%
CI: 0.93–1.21) for all cardiovascular events (Figure 3).

Figure 3. The hazard ratio of dipeptidyl Peptidase-4 (DPP-4) inhibitor use vs. metformin use.

4. Discussion

DPP-4 inhibitors are the most commonly prescribed first-line drugs for patients with
type 2 diabetes in Japan. The prescribing pattern for type 2 diabetes in Japan differs from
the pattern in the United States and in Europe. Therefore, this study investigated the effect
of DPP-4 inhibitors on the prevention of cardiovascular events in Japanese patients using
two different databases: the JADER, a spontaneous reporting system in Japan, and the
JMDC Claims Database, a database of health insurance claims and medical examinations.

The first part of this study examined the association of DPP-4 inhibitors and metformin
with cardiovascular events using the JADER. No SDR was detected for metformin with any
cardiovascular events except for myocardial infarction. In contrast, SDRs were detected
with DPP-4 inhibitors in all cardiovascular events except for a stroke. These results are
similar to those of previous studies that used the FAERS [21], although the definition of
cardiovascular events differs between this study and previous ones. However, since the
publication of several clinical trials, including the SAVOR-TIMI trial [12–16], clinicians have
reported episodes of cardiovascular events in patients taking DPP-4 inhibitors, a situation
known as “stimulated reporting” [18]. This situation can also occur naturally in Japan.

The second part of the research was a non-inferiority study of DPP-4 inhibitors and
metformin on the occurrence of cardiovascular events using real-world Japanese data from
the JMDC Claims Database. The results demonstrate non-inferiority in main cardiovascular
events, myocardial infarction, and all cardiovascular events for DPP-4 inhibitors versus
metformin. This study reaffirms clinical recommendations for antidiabetic drugs in Japan.

Several meta-analyses designed to assess the risk of major adverse cardiovascular
events in type 2 diabetic patients treated with DPP-4 inhibitors have been conducted. These
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results suggest that DPP-4 inhibitors reduce the risk of major adverse cardiovascular events
compared to diabetes drugs (with the exception of SGLT2 inhibitors which can also be
used to treat chronic heart failure) and placebo [26–28]. Some observational studies using
the Taiwan National Health Insurance Research Database [29] and the IBM MarketScan
Commercial Claims and Encounters Database [30,31] also showed similar results. Thus,
our results regarding the risk of cardiovascular events, taking into account antidiabetic
prescribing status in Japan, are generally consistent with the results of previous studies.

There are several possible reasons for the extremely high rate of DPP-4 inhibitor
prescriptions in Japan despite the availability of metformin, which is less expensive and
non-inferior in cardiovascular risk [15]. The genetic background of diabetes development
differs between Japanese and European people [10], and Japanese patients with type
2 diabetes are less likely to have impaired insulin secretion and are less likely to be obese
than Europeans [11,12]. DPP-4 inhibitors can lower glycated hemoglobin (HbA1C) levels
more effectively in Japanese people than in Europeans [11,32]. Furthermore, the risk of
severe hypoglycemia is extremely low when DPP-4 inhibitors are administered alone [15].
Torii et al. reported that the risk of intensified treatment for untreated type 2 diabetes
patients and the risk of developing levels of HbA1C > 7% in these patients were lower with
DPP-4 inhibitors than with biguanides [33]. Furthermore, the JDS attaches great importance
to the safety of antidiabetic drugs, and the proper use of biguanides and SGLT2 inhibitors
is noted in its recommendations, including consideration for the elderly [15,34]. Therefore,
the information revealed in this study regarding the non-inferiority of DPP-4 inhibitors to
metformin with respect to cardiovascular risk may have important implications for the use
of DPP-4 inhibitors in Japan.

This study had several strengths and limitations. Of the two databases used in this
study, the JADER is based on spontaneous reports. This study using the JADER also has
limitations similar to studies using other spontaneous reporting systems [23]. However,
most of those reporting to the JADER were physicians (77.3%), followed by pharmacists
(6.3%), and then lawyers (less than 0.01%) [23]. There are fewer reports from patients;
therefore, the accuracy of the information in the JADER database may be higher than that
of other spontaneous reporting systems.

The total number of patients using the drug cannot be obtained using the JADER
database; therefore, the incidence rate cannot be calculated. Furthermore, registered cases
are affected by various reporting biases [23]. This is because both physicians and patients
tend not to report all cases, resulting in an underestimation of events [23].

On the contrary, the JMDC Claims Database is based on health insurance claims
and medical examinations and is one of the real-world datasets in Japan. Therefore,
incidence rates and HRs that cannot be calculated by the JADER can be calculated by
the JMDC Claims Database. However, the JMDC Claims Database uses health insurance
societies as data sources, which covers private sector employees and their families, and
thus has an overwhelmingly small number of elderly people (those aged 75 and older
are not included because they are part of the late-stage elderly healthcare system) [35].
Furthermore, because this study is based on secondary use of claims data, the accuracy
of diagnosis depends on the accuracy of the database records, which may affect internal
validity. In calculating propensity scores from the database to adjust for confounders, this
study followed previous studies, but may not have included all important confounders. For
example, body mass index and smoking status are important confounders of cardiovascular
events but could not be considered in this study. However, analysis of these two different
types of databases revealed that the risk of major cardiovascular disease with DPP-4
inhibitors, while undeniable, does not differ from the risk associated with metformin.

As a class, DPP-4 inhibitors are not associated with any increase or reduction in major
cardiovascular events, all-cause mortality, or heart failure. Saxagliptin seems to be associated
with an increased risk of hospitalization for heart failure [36]. Future studies will need to
investigate the differential effects of individual DPP-4 inhibitors on cardiovascular events.
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5. Conclusions

A comprehensive analysis using two different databases in Japan, the JADER and the
JMDC Claims Database, showed that DPP-4 inhibitors, which are widely used in Japan,
have a non-inferior risk of cardiovascular events compared to metformin, which is used as
the first-line drug in the United States and Europe.
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Appendix A

The IC and 95% credible interval (IC025) are calculated using Table A1 and
Equations (A1)–(A4).

Table A1. The 2 × 2 contingency table for signal detection.

Target AE Other AEs Total

Target drug N11 N10 N1+
Other drugs N01 N00 N0+

Total N+1 N+0 N++

N: the number of reports; AE: adverse event.

E(IC11) = log2
(N11 + γ11)(N++ + α)(N++ + β)

(N++ + γ)(N1+ + α1)(N+1 + β1)
(A1)

V(IC11) =

(
1

log2

)2[ N++ − N11 + γ − γ11

(N11 + γ11)(1 + N++ + γ)
+

N++ − N1+ + α − α1

(N1+ + α1)(1 + N++ + α)
+

N++ − N+1 + β − β1

(N+1 + β1)(1 + N++ + β)

]
(A2)

γ = γ11
(N++ + α)(N++ + β)

(N1+ + α1)(N+1 + β1)
, γ11 = 1, α1 = β1 = 1, α = β = 2 (A3)

IC (95% confidence interval) = E
(

IC11 ± 2
√

V(IC11)

)
(A4)
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Abstract: Medical imaging is required for a complete clinical evaluation to identify lung involvement
or pulmonary embolism during SARS-CoV-2 infection or pulmonary and cardiovascular sequelae.
Contrast media (CM) have undoubtedly been useful in clinical practice due to their ability to improve
medical imaging in COVID-19 patients. Considering their important use, especially in hospitalized
COVID-19 patients, and that increased use of a medical tool could also be associated with its deeper
knowledge, we chose to explore if new information emerged regarding CM safety profiles. We
analyzed all Individual Case Safety Reports (ICSRs) validated by Campania Pharmacovigilance
Regional Centre from 1 January 2018 to 31 December 2021 and reported a CM (ATC code V08) as a
suspected drug. We compared CM-related reporting between 2 years before (period 1) and 2 years
during (period 2) the COVID-19 pandemic. From our analysis, it emerged that, during the COVID-19
pandemic, CM-related ADR reporting decreased, but a significant increase in reporting of serious cases
emerged. Serious ADRs were mainly related to iodinated CM (V08A ATC) compared to magnetic
resonance imaging CM (V08C ATC). Cutaneous and respiratory disorders were the most frequently
reported in both periods. No new or unknown ADRs were reported in the overall study period.

Keywords: contrast media; safety; spontaneous reporting; COVID-19

1. Introduction

Since the outbreak of unknown pneumonia in Wuhan (China) at the end of 2019, the
new coronavirus, identified as severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has required global attention [1,2]. SARS-CoV-2 succeeds in entering the human
cells through the spike protein present on its envelope surface, binding the angiotensin-
converting enzyme 2 (ACE2) receptors and subsequentially using the serine protease
TMPRSS2 for spike protein priming [3]. Once in the cell, its transcription and replication
start exploiting the host cellular structures, causing an infection termed coronavirus dis-
ease 2019 (COVID-19) [1]. COVID-19 has posed an extraordinary threat to global public
health [4]. The major impact on health systems was due to the increased hospitalization
rates required for severely affected patients, especially in the first pandemic phases re-
lated to the more pathogenic SARS-CoV-2 variants (alpha and delta). According to the
latest data, as of 23 May 2022, there have been 522,783,196 confirmed COVID-19 cases,
including 6,276,210 deaths, reported to the WHO since the beginning of the pandemic [5].
Interstitial pneumonia represents the predominant clinical manifestation of mild and se-
vere COVID-19 forms. Thromboembolic complications, including pulmonary embolism
(PE) [6–8], are very frequent in COVID-19 patients [9–11]. Computed tomography (CT) has
represented the reference standard for identifying lung involvement due to SARS-CoV-2
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infection [12]. CT angiography is the key technique used for confirming pulmonary em-
bolism [13]. In addition to respiratory complications, COVID-19 can also have implications
on the cardiovascular system [14]. These include myocardial edema, fibrosis, and impaired
right ventricle function, as revealed by cardiovascular magnetic resonance (CMR) [15,16].
Moreover, several long-term manifestations related to SARS-CoV-2 infection should not
be excluded or underestimated. Long COVID-19 syndrome is characterized by several
complications and sequelae, including pulmonary and cardiovascular ones, which require
medical imaging for their clinical evaluation [17,18]. Therefore, contrast media (CM) have
undoubtedly been clinically useful in the pandemic context due to their ability to improve
medical imaging in COVID-19 patients [19]. Newer contrast agents, characterized by lower
ionic concentrations and lower osmolarity, are better tolerated [20]. However, CM, like
all medicines, is not risk-free [21], with possible negative effects, for example, on kidney
function, especially in previously nephropathic patients when exposed to iodine-based
agents [13]. CM-induced nephropathy has been the object of several studies that aimed
to identify possible risk factors or biomarkers and evaluate procedures to prevent it [21].
Moreover, non-renal complications can also emerge following CM exposure, including
anaphylactoid reactions (Krause et al., 2020). Post-marketing surveillance had an impor-
tant role in identifying some CM-induced adverse drug reactions (ADRs), especially in
some sub-populations with less evidence available due to their typical exclusion from
clinical trials [19]. Considering the important use of CM for clinical imaging evaluations
during the COVID-19 pandemic, especially in hospitalized patients, and that increased
use of a medical tool could also be associated with its deeper knowledge, we wanted to
explore if new information emerged regarding their safety profiles. For these reasons, we
decided to investigate the effects of the COVID-19 pandemic on reporting suspected ADRs
related to CM agents to the Italian National Pharmacovigilance Network (Rete Nazionale
di Farmacovigilanza, RNF).

2. Materials and Methods

2.1. Data Source

For our study, we analyzed the individual case safety reports (ICSRs) related to CM
and recorded them in the Campania Region (Southern Italy). Regional safety data were
obtained from the RNF, the Italian Pharmacovigilance Database, coordinated by the Italian
Medicines Agency (AIFA) since 2001. It allows for collecting Italian reports of suspected
ADR and AEFI sent by physicians, other healthcare professionals and patients/citizens.
ADR reporting is carried out through a standardized reporting form to describe details
of the patient who experienced an adverse event (age, sex, medical history, etc.), the
suspected ADR(s)/AEFI(s) (signs and symptoms or diagnosis, seriousness, outcome, etc.),
the suspected and any concomitant drug(s)/vaccine(s) as well as previous or current
patient medical conditions. In each Italian regional territory, Pharmacovigilance Regional
Centers validate the information of each ICSR and perform the causality assessment for
each adverse event–drug couple.

2.2. Study Design

We compared the CM-related reporting before and during the COVID-19 pandemic
for our analysis. Therefore, we selected all ICSRs validated by the Campania Pharmacovig-
ilance Regional Center from 1 January 2018 to 31 December 2021 and reported a contrast
media (Anatomical Therapeutic Chemical classification code, ATC code V08) as a suspected
drug. This reference period was chosen to compare the main features of ADRs’ reports
entry into RNF during the 2 years before and during the COVID-19 pandemic (period 1:
1 January 2018 to 31 December 2019; period 2: 1 January 2020 to 31 December 2021).

2.3. Data Analysis

We performed a descriptive analysis of selected ICSRs, comparing and stratifying the
two study periods by suspected contrast media, mean age, sex, and seriousness criteria
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according to the International Conference on Harmonization E2D guidelines principles
(death; hospitalization or its prolongation; severe or permanent disability; life threat;
congenital abnormalities/birth deficits; clinically relevant; not serious), outcome (favorable:
completely resolved or improved; unfavorable: resolved with sequelae or unchanged),
system organ class (SOC), High-Level Group Term (HLGT) MedDRA, source of the report,
and causality assessment. We used MedDRA version 25.0. We evaluated the CM-related
reporting trend stratifying by three-month/year.

Chi-squared analysis with Yates’ continuity correction or Fisher’s exact test, where
appropriate, and t-test were employed to examine differences in the rate of the ADR’s
report between the two periods. A 5% significance level was considered for analysis. Data
were analyzed using the software SPSS version 21.

3. Results

From 1 January 2018 to 31 December 2021, a total of 144 ICSRs, describing 246 ADRs
induced by CM, were sent to the Campania Pharmacovigilance Regional Center. All ICSRs
were sent by a healthcare professional (Table 1).

Table 1. Main features of 144 ICSRs related to contrast media in the Campania region comparing the
2018–2019 (period 1) and 2020–2021 (period 2).

Variables Levels
Total ICSR

n = 144

Contrast Media ICSRs
During Period 1

n = 105 n (%)

Contrast Media ICSRs
During Period 2

n = 39 n (%)

p-Value
(<0.05)

Age Mean age (SD) 55 (±16.1) 54 (±16.9) 57 (±13.4) 0.26

Sex

Female n (%) 77 (53.5) 52 (49.5) 25 (64.1) 0.17

Male n (%) 65 (45.1) 51 (48.6) 14 (35.9) 0.24

Not Reported n (%) 2 (1.4) 2 (1.9) - -

Seriousness of
ADRs’ reports

Serious n (%) 30 (20.8) 17 (16.2) 13 (33.3) 0.04

Not Serious n (%) 109 (75.7) 83 (79.0) 26 (66.7) 0.18

Not available 5 (3.5) 5 (4.8) - -

Outcome of
ADRs’ reports

Favorable n (%) 125 (86.8) 87 (82.9) 38 (97.4) 0.04

Unfavorable n (%) 1 (0.7) 1 (0.9) - -

Not Available n (%) 18 (12.5) 17 (16.2) 1 (2.6) 0.05

Source of ADRs’ reports Healthcare professional n (%) 144 (100) 105 (100) 39 (100) -

Suspected drug

V08A

Iomeprol n (%) 32 (22.2) 23 (21.9) 9 (23.1) 0.94

Iopamidol n (%) 63 (43.8) 46 (43.8) 17 (43.6) 0.86

Iopromide n (%) 11 (7.6) 5 (4.8) 6 (15.4) 0.07

Ioexol n (%) 1 (0.7) 1 (0.9) - -

Iodixanol n (%) 7 (4.9) 7 (6.7) - -

Iobitridol n (%) 6 (4.2) 6 (5.7) - -

TOTAL 121 (84.0) 88 (84.8) 32 (82.1) 0.99

V08C

Gadoteric acid n (%) 11 (7.6) 9 (8.6) 2 (5.1) 0.73

Gadoteridol n (%) 9 (6.3) 6 (5.7) 3 (7.7) 0.96

Gadobutrol n (%) 1 (0.7) 1 (0.9) - -

Gadoxetic acid n (%) 1 (0.7) 1 (0.9) - -

Gadobenic acid n (%) 2 (1.3) - 2 (5.1) -

TOTAL 24 (16.0) 17 (15.2) 7 (17.9) 0.99
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Table 1. Cont.

Variables Levels
Total ICSR

n = 144

Contrast Media ICSRs
During Period 1

n = 105 n (%)

Contrast Media ICSRs
During Period 2

n = 39 n (%)

p-Value
(<0.05)

Other suspect drugs

Clorexidine n (%) 1 (0.7) 1 (0.9) - -

Mepivacaine n (%) 1 (0.7) 1 (0.9) - -

V08A: X-ray contrast media, iodinated; V08C: magnetic resonance imaging contrast media.

As reported in Figure 1, we found a substantial decrease in CM-related reporting
trends during the COVID-19 pandemic (105 ICSRS for period 1 vs. 39 ICSRs for period 2).

 
Figure 1. Before and during the COVID-19 pandemic, reporting trends stratified by three
months/year.

Overall, the mean age of patients who experienced ADRs was 55 years old (±16.1),
and 53.5% were female (Table 1). These variable trends persist in both periods, even if the
mean age was slightly higher in period 2, and the female sex is slightly less predominant
in period 1. No significant differences in terms of age and sex between ICSRs sent to the
RNF during periods 1 and 2 were found (Table 1). Considering the whole study period,
the most commonly suspected drugs were iodinated X-ray CM (V08A ATC), reported in
84% of ICSRs. Among these, iopamidol (n = 63; 43.8%) and iomeprol (n = 32; 22.2%) were
the most frequently reported. This distribution also persisted in both considered periods,
before and during the COVID-19 emergency. Magnetic resonance imaging CM (ATC V08C),
in particular gadoteric acid and gadoteridol, were the other CM class reported as suspected
drugs in the retrieved ICSRs. Among CM belonging to V08C ATC, comparing the two
periods, the most frequently reported were gadoteric acid in period 1 (n = 9; 8.6%) and
gadoteridol in period 2 (n = 3; 7.7%). Moreover, we found 2 ICSRs sent during period 1
reporting other suspect drugs, in particular chlorhexidine and mepivacaine (Table 1). CM
was mainly used for the CAT scan (data not shown). Regarding the outcome of ADRs’
reports, overall, 86.8% of collected ICSRs had a favorable outcome. Comparing the two
periods, we found an increase in the number of ICSRs with favorable outcomes (82.9%
in period 1 vs. 97.4% in period 2). This difference was statistically significant (p = 0.04)
(Table 1). Overall, a seriousness degree was available for 139 reports: 75.7% of cases were
classified as not serious, while only about 21% were classified as serious. Stratifying results
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by reference periods, the percentage of serious ICSRs increased in period 2 (16.2% in period
1 vs. 33.3% in period 2) (Table 1). Additionally, this difference was statistically significant
(p = 0.04) (Table 1). Since each ICSR can report more than 1 ADR, overall, 77 serious ADRs
were described in 30 ICSRs sent to Campania Regional Centre (17 in period 1 vs. 13 in
period 2) (Table 2). Among those 77 serious ADRs, 90% were related to iodinated CM
(V08A ATC), while the remaining 10% were related to magnetic resonance imaging CM
(V08C ATC) (Table 2).

Table 2. Distribution of serious ADRs associated with individual contrast-media categorized for 3rd
level ATC.

Number of Serious Suspected
ADR in Total Contrast

Media’s Reports
n = 77

Number of Suspected Serious
ADRs in Contrast Media’s
Reports During Period 1

n = 41

Number of Suspected Serious
ADRs in Contrast Media’s
Reports During Period 2

n = 36

p-Value

V08A 70 (90) 40 (97.5) 30 (83.3) 0.07

Iomeprol 18 (23.4) 11 (26.8) 7 (19.4) 0.62

Iopamidol 29 (37.7) 13 (31.7) 16 (44.4) 0.36

Iopromide 11 (14.3) 4 (9.8) 7 (19.4) 0.37

Ioexol 2 (2.6) 2 (4.9) 0 0

Iodixanol 6 (7.8) 6 (14.6) 0 0

Iobitridol 4 (5.2) 4 (9.8) 0 0

V08C 7 (10) 1 (2.4) 6 (16.7) 0.07

Gadobenic acid 5 (6.5) 0 5 (13.9) 0

Gadoteric acid 1 (1.3) 0 1 (2.8) 0

Gadoteridol 1 (1.3) 1 (2.4) 0 0

V08A: X-ray contrast media, iodinated; V08C: magnetic resonance imaging contrast media. The total number of
ADRs reported for each contrast media exceeds the total number of ICSRs since a single report might include
more than one suspected ADR. Database from the Campania Region, Southern Italy.

Comparing the two-reference period, this distribution, with the major involvement of
V08C in the occurrence of serious ADRs, was confirmed. Iopamidol (37.7%) and iomeprol
(23.4%) persisted as the more frequently iodinated CM involved in serious cases (V08A
ATC). Regarding V08C CM, we found a few serious cases related to gadobenic (n = 5) and
gadoteric (n = 1) acids reported only in period 2, while the only serious ICSR related to
gadoteridol was reported in period 1. As reported in Table 2, no statistically significant
difference emerged.

The distribution of ADRs by SOC and HLGTs in two reference periods is shown in
Figure 2 and Table 3, respectively.

“Skin and subcutaneous tissue disorders” (61.8% in period 1 vs. 38.3% in period 2) and
“respiratory, thoracic and mediastinal disorders” (9.1% in period 1 vs. 16% in period 2) were
the first two SOCs more frequently reported in both periods. Moreover, gastrointestinal
(7.9% in period 1 vs. 12.3% in period 2) and general disorders (6.1% in period 1 vs. 3.7% in
period 2) were commonly reported, even if less frequently in period 2, as per the general
trend. Vascular disorders represented 6.1% of reported ADRs in period 1 and 8.6% of those
reported in period 2. Otherwise, we found a more frequent reporting of ADRs belonging
to “nervous system disorders” SOC in period 2 (1.2% vs. 4.9%). Regarding CM renal
toxicity, ADRs belonging to “renal and urinary disorders” SOC were reported only in
a few ICSRs in both periods, representing 1.2% vs. 2.5% of reported ADRs in the two
reference periods, respectively (Figure 2). Comparing two reference periods, statistically
significant differences emerged for “epidermal and dermal conditions” and “oral soft tissue
conditions” HLGTs (Table 3). CM belonging to V08A ATC was always the most involved
category in reporting ADRs per all SOCs (data not shown).
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Figure 2. ADR distributions by system organ class in ICSRs reporting contrast media as suspected
drugs and collected in the Campania Region. Comparison between pre-COVID-19 pandemic (period
1 = 2018–2019; blue color) and during the COVID-19 pandemic (period 2 = 2020–2021; red color).

Table 3. ADR distributions by high-level group terms (HLGTs) in ICSRs reporting contrast media
as suspected drugs and collected in the Campania Region. Comparison between pre-COVID-19
pandemic (period 1: 2018–2019) and during the COVID-19 pandemic (period 2: 2020–2021).

Period 1 Period 2 p-Value

High-Level Group Terms N % N % p

Acid-base disorders - - 1 1.2 -

Allergic conditions 5 3.0 3 3.7 0.8

Angioedema and urticaria 27 16.4 10 12.3 0.4

Arteriosclerosis, stenosis, vascular insufficiency and necrosis - - 2 2.5 -

Body temperature conditions 1 0.6 - - -

Bronchial disorders (excl neoplasms) 1 0.6 1 1.2 -

Cardiac and vascular investigations (excluding enzyme tests) - - 1 1.2 -

Cardiac arrhythmias 3 1.8 1 1.2 0.7

Central nervous system vascular disorders - - 2 2.5 -

Decreased and nonspecific blood pressure disorders and shock 4 2.4 1 1.2 0.5

Deliria (including confusion) - - 1 1.2 -

Dental and gingival conditions 1 0.6 - - -

Electrolyte and fluid balance conditions - - 1 1.2 -
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Table 3. Cont.

Period 1 Period 2 p-Value

High-Level Group Terms N % N % p

Epidermal and dermal conditions 73 44.2 18 22.2 0.0007

Eye disorders NEC - - 1 1.2 -

Gastrointestinal haemorrhages NEC 1 0.6 - - -

Gastrointestinal motility and defaecation conditions - - 1 1.2 -

Gastrointestinal signs and symptoms 10 6.1 5 6.2 0.9

General system disorders NEC 9 5.5 3 3.7 0.5

Infections—pathogen unspecified 1 0.6 - - -

Lower respiratory tract disorders (excluding obstruction and infection) - - 8 9.9 -

Nephropathies 2 1.2 - - -

Neurological disorders NEC 2 1.2 1 1.2 0.9

Neuromuscular disorders - - 1 1.2 -

Ocular infections, irritations and inflammations 2 1.2 1 1.2 0.9

Oral soft tissue conditions 1 0.6 4 4.9 0.02

Renal disorders (excluding nephropathies) - - 2 2.5 -

Respiratory disorders NEC 7 4.2 3 3.7 0.8

Respiratory tract signs and symptoms 6 3.6 - - -

Skin appendage conditions 1 0.6 3 3.7 0.07

Skin vascular abnormalities 1 0.6 - - -

Sleep disorders and disturbances - - 1 1.2 -

Upper respiratory tract disorders (excluding infections) 1 0.6 1 1.2 0.6

Vascular disorders NEC 6 3.6 3 3.7 0.9

Vascular hypertensive disorders - - 1 1.2 -

Considering serious ADRs, allergic or anaphylactic reactions were the more frequent
ones reported during period 1, which required/prolonged patient hospitalization or repre-
sented life-threatening. These ADRs included mild manifestations such as allergic purpura
or gum and mouth swelling and important systemic adverse events like anaphylactic shock.
In the same period, flushing, erythematous skin rash, and hives are some examples of not
serious ADRs that were more frequently reported. In particular, iopamidol was involved in
3 cases of anaphylactoid reaction reported in period 1 and 2 cases of reversible ischaemic
neurological deficit reported in period 2. The remaining serious ADR reports were mainly
related to hypotension or hypertensive crisis, cardiac rhythm disorders (including tachy-
cardia and bradycardia and a case of cardiac arrest). Moreover, only one case reported in
period 2 described toxic renal events that occurred in a 60-year-old female treated with
iopromide for abdominal CAT, who experienced dependent edema, hyperkalaemia, aci-
dosis metabolic, oliguria and renal failure, which required patient hospitalization. Finally,
following Naranjo’s algorithm computation, the causality assessment was shown to be
probable (61%) for the majority of period 1 ICSRs, while the remaining 39% were evaluated
as possible. Regarding period 2, the causality assessment resulted in possible, probable or
doubtful assessments in 46.2%, 51.3% and 2.6% of cases, respectively (Figure 3). Distribu-
tions of cases by causality assessment in the two reference periods are reported in Figure 3,
in which CM is categorized for III levels of ATC classes (V08A and V08C).
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Figure 3. Distribution by causality assessment of ICSRs reporting contrast media as suspected drugs
and collected in the Campania Region from 1 January 2018 to 31 December 2021. Comparison
between pre-COVID-19 pandemic (period 1 = 2018–2019) and during the COVID-19 pandemic
(period 2 = 2020–2021). Contrast media are categorized for III levels of ATC classes. V08A: X-ray
contrast media, iodinated; V08C: magnetic resonance imaging contrast media.

4. Discussion

The COVID-19 pandemic has had several impacts on society, influencing various
aspects related to drugs, such as pharmacovigilance and spontaneous reporting. Safety
assessment and issues related to anti-COVID-19 vaccines have turned the spotlight on
pharmacovigilance systems and mechanisms. Due to the media and civil attention focused
on COVID-19 vaccines, the reporting by citizens has considerably increased during the
pandemic. Nevertheless, from our analysis, the reporting of ADR induced by CM has
not been the object of interest for patients and citizens. In fact, healthcare professionals
sent all CM-related ICSRs in our study period. Generally, the COVID-19 pandemic has
negatively influenced CM-related ADR reporting. Several reasons can justify this result.
Firstly, the observed substantial decrease in the CM-related reporting trend is in line with
reporting national trends registered during the COVID-19 pandemic. According to the
2020 Vaccine Report published by the Italian Medicines Agency, the reporting rate for all
vaccines (excluding COVID-19 vaccines) showed a sharp decline compared with recent
years [22]. Primary sources, limited access, and attention focused on global emergencies
can certainly be involved in the generally reduced reporting, including CM-related ones.

Generally, doctors, followed by nurses and other health workers, represent the primary
sources of spontaneous reports, especially in South Italy [23–31]. Several initiatives have
been implemented, and others are still necessary to implement a pharmacovigilance culture
among all healthcare professionals and the general population [32–37]. The pressure to
which healthcare personnel have been subjected during the COVID-19 emergency is well
known. This was especially noted for those working in departments/wards dedicated
to treating COVID-19 patients, for which medical imaging using CM was required for a
complete clinical evaluation. Moreover, radiology departments were widely involved in
the pandemic context since the key role of clinical imaging in diagnosing and managing
COVID-19 patients [38]. In light of this, the observed reduction in reporting trends can be
easily understood and expected. Moreover, the public health emergency has monopolized
attention and energy in all fields, including pharmaco- and vaccine vigilance. In fact, even
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if these activities were implemented during the pandemic, they were strongly focused on
vaccines and drugs repositioned against SARS-CoV-2 infection [39]. Finally, the decreased
trend is likely attributed to lower patient access to non-emergency or essential health
services, including diagnostic investigation [40]. Patients’ fear and the health pressure
on hospitals and medical centers, as well as the limitations imposed by lockdowns and
quarantines, have certainly been involved in this last aspect. However, if their wide
use for clinical evaluation of hospitalized COVID-19 patients is considered, the reduced
CM-related reporting during the pandemic should be in contrast with what is expected.
Even if the COVID-19 pandemic was characterized by a decrease in elective diagnostic
imaging procedures and clinical imaging, radiology departments played an essential part
in detecting and following up on patients with COVID-19 during the pandemic [41,42].
Diagnostic procedures, such as CT, resulted in the fundamental disease course and severity
assessment tools. Their usefulness in clinical management orienting was also confirmed
during the COVID-19 pandemic. In fact, imaging techniques are included as part of the
integrated approach necessary for diagnosis, monitoring and identification of the most
appropriate therapy in COVID-19 patients, especially when hospitalized [41,42]. Compared
to previous viral pandemics, imaging modalities played an essential role in the respiratory
tract, cardiovascular, neurologic, and gastrointestinal evaluation of COVID-19 patients [41].
However, according to national data published by AIFA, a decrease in consumption and
expenditure of CM has been registered in 2020. This decrease was probably due to a lower
number of diagnostic tests carried out for chronic diseases during the first year of the
COVID-19 pandemic [43]. Data related to Italian consumption and expenditure in 2021
are still not available. According to our results, iodinated CM, particularly iomeprol and
iopamidol, were the most frequently involved in spontaneous reporting. Especially during
period 2, they were mainly used for CAT scans. Instead, no ICSR reported angiograph
coronary as their therapeutic indication. However, CT coronary angiography use increased
during the COVID-19 pandemic since it was associated with a significantly reduced length
of hospitalization both pre-COVID-19 and post-COVID-19 lockdown [44]. The strong effort
of health care professionals engaged on the COVID-19 front can also be related to the
increased reporting of serious ADRs emerging in period 2, with statistical significance. To
emphasize this aspect, reporting attention was limited to the most severe adverse events.
However, any new adverse events emerged during the two periods. Considering the
event’s notoriety, all the ADRs reported in the overall study period were known and
reported in the Summaries of Products Characteristics (SmPCs). In line with Sessa et al.’s
results (Sessa et al., 2015a), our results also revealed that skin and respiratory disorders
continued to be the more frequently reported ADRs in patients who received CM. As
expected, the main reported ADRs were angioedema, urticaria and epidermal phenomena.
Even if decreased in our study period, spontaneous reporting confirmed general toxicity
more frequently related to iodinated CM compared to gadolinium-based CM. In fact, from
our results, iodinated CM was more frequently involved in a major number of ICSRs,
and serious ADRs, resulting in a more probable relationship with drug-adverse events
according to the applied Naranjo algorithm. In the last years, attention has been given to
CM nephrotoxicity among organ-specific adverse reactions, probably caused by induced
endothelial dysfunction and renal cell apoptosis [21,45]. However, in our period study,
renal disorders did not emerge as frequently, and only a few cases reported nephropathies
or renal disorders. These were all related to iodine-based agents. In particular, a case of
renal failure with oliguria associated with acidosis metabolic and hyperkaliemia, requiring
hospitalization but favorably evolving, was reported in period 2. Considering CM-related
organ-specific toxicity, cardiovascular is another important aspect that emerged, together
with anaphylactic shock, among the most frequently reported fatal CM-related ADRs in the
Campania Region [46]. According to our results, cardiac arrhythmias, including tachycardia
and cardiac arrest, were other rarely reported ADRs that need close monitoring since they
represent life-threatening for patients. Malignant arrhythmogenesis is not an uncommon
complication of some imaging techniques, such as invasive coronary angiography [47].
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Often, the main cause can be related to technical procedural issues. Following the trigger
of such arrhythmic events can be the CM administration since iodine-based effects are
influenced not only by their osmolarity but also by their sodium concentration and calcium-
binding properties. It is well known that administering CM makes patients more susceptible
to ventricular fibrillation or sustained ventricular [47]. Finally, neurotoxicity represents
another CM-related organ-specific issue that recently emerged. A recent safety review of
EMA confirmed in 2018 the possible accumulation of small amounts of gadolinium in the
cerebral tissues following the use of linear gadolinium-based CM more than macrocyclic
ones. Since the long-term risks associated with this phenomenon were unknown, the EMA
was suspended in the EU gadolinium containing linear CM with the exception of gadoxetic
acid and gadobenic acid, available exclusively for use in hepatic scans [48]. In line with
these use restrictions, only a few cases related to these two CM agents emerged from our
results. No cases of long-term nervous adverse events were reported.

In light of our results, the adopted measures against COVID-19 are likely to have
an important impact on spontaneous reporting related to other medicine not specifically
indicated to COVID-19 treatment, such as CM. Whilst our results could be reassuring
regarding the safety profile of CM as drugs well-known and long been used in clinical
practice, on the other hand, the pandemic was likely to be a missed opportunity to deepen
the safety of drugs so important for the evaluation of patients and the course of COVID-19
and many other diseases.

5. Strengths and Limitations

Our study presents the well-known limitations related to the spontaneous reporting
system, including possible under-reporting and inaccurate, incomplete or lack of clinical
data [49,50]. Unavailable/not reported data can have an important impact on the results of
pharmacovigilance studies, such as ours. Moreover, since we have decided to perform our
pharmacovigilance analysis during 4 years of observation in one single Italian region, we
have extracted a very limited number of reports, which should not be considered represen-
tative of the other Italian regions. Despite these limitations, we present a comprehensive
evaluation of safety data related to CM in the Campania region during the COVID-19
pandemic and compare them with those emerging from the previous two years using the
Italian spontaneous reporting system. Although the spontaneous reporting system has an
intrinsic limitation, it is largely accepted that it represents a simple and inexpensive tool to
detect rare and serious ADRs that have not emerged during premarketing clinical phases.
Furthermore, this method allows for generating safety hypotheses on medicines that shall
be confirmed or refuted by other ad hoc studies.

6. Conclusions

During the COVID-19 pandemic, the imaging techniques with CM achieved a better
clinical evaluation of patients affected with COVID-19, especially if hospitalized, allowing
an integrated approach to diagnosing, monitoring, and managing SARS-CoV-2 infection.
Despite the wide use of CM during the COVID-19 pandemic, there was a decrease in
ADR reporting. In our opinion, reasons for this are undoubtedly various, including the
strong effort of health care professionals engaged on the COVID-19 front, with less time
to spend in spontaneous ADR reporting and attention focused on the global emergency.
Pharmacovigilance activities were more focused on vaccines or repurposed drugs used for
COVID-19 treatment. Despite those effects on ADRs’ reporting, there is no doubt about the
usefulness of the CM in imaging for a greater assessment of acute and chronic complications
related to COVID, reducing the length of hospitalization. Although the pandemic was
likely to be a missed opportunity to deepen CM safety, the continuous monitoring of CM
safety and the full implementation of pharmacovigilance activities will play a key role in
achieving optimal clinical imaging.
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Abstract: Coronavirus disease 2019 is an acute respiratory disease caused by the severe acute
respiratory syndrome coronavirus 2. As the virus spreads rapidly, it has become a major public health
emergency, which has led to rapid vaccines development. However, vaccines can present harmful
and unintended responses, which must be notified to the National Pharmacovigilance System. The
aim of this study is to characterize the adverse drug reactions (ADRs) of these vaccines notified in the
region covered by the Regional Pharmacovigilance Unit (RPU) of Beira Interior, in Portugal, between
1 and 31 December 2020. During this period, 4 vaccines were administered: Comirnaty®, Spikevax®,
Vaxzevria® and Jcovden®. The RPU of Beira Interior received 2134 notifications corresponding to
5685 ADRs, of which 20.34% (n = 434) of the notifications were considered serious reactions. Of these,
9.52% (n = 42) resulted in hospitalization and 0.45% (n = 2) resulted in death. Among the ADRs
notified, reactions at or around the injection site, myalgia, headaches and pyrexia were the most
commonly notified. Most ADRs were resolved within a few hours or days without sequelae. These
ADRs are in accordance with clinical trials, the summary of product characteristics (SmPC) of each
vaccine and ADR notifications from other countries. However, further studies are needed to confirm
these results.

Keywords: adverse drug reactions; COVID-19 vaccines; mRNA vaccines; vaccines with a viral vector;
pharmacovigilance; immunization; safety

1. Introduction

Coronavirus Disease 2019 (COVID-19) is an acute respiratory disease caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which first emerged in
Wuhan in December 2019. Its transmission occurs by droplets, respiratory secretions and
direct contact [1,2].

As the virus has a rapid spread, it has become a serious public health emergency [2].
Given that vaccination can be used to prevent infections or reduce the seriousness of a
disease, some strategies were studied to generate vaccines against the new coronavirus,
including vaccines based on DNA and RNA [3,4].

Nucleic acid vaccines consist of mRNA with information against coronavirus-specific
structural proteins and do not contain any viral proteins capable of causing disease. The
mRNA is taken up by cells and translated into a viral antigen, the spike protein. When
recognized by the immune system as something foreign, antibodies are produced, and T
cells are activated to attack the protein. If the vaccinated person later comes into contact
with coronavirus, their immune system will recognize the spike protein and be ready to
defend itself [5–9]. In the European Union (EU), during the study period, 2 mRNA-based
vaccines were authorized by the European Medicines Agency (EMA): Comirnaty® and
Spikevax® [7–9].

In addition to mRNA vaccines, there is another type of vaccine approved for immu-
nization against COVID-19: vaccines with a viral vector without the ability to replicate. This
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type of vaccine is produced from another virus (e.g., adenovirus) that has been modified to
contain information regarding the virus of interest, which will be delivered to human cells.
The viral vector is a harmless virus and different from coronavirus, so it does not cause the
disease. It enters human cells and releases the gene that encodes the spike protein present
in SARS-CoV-2. It then uses the cell’s machinery to produce this glycoprotein which, when
recognized by the immune system, leads to the production of antibodies and activation of T
cells, as is in nucleic acid vaccines [10–13]. In the EU, during the study period, two vaccines
based on viral vectors were authorized by the EMA: Vaxzevria® and Jcovden® [7,12,13].

Although medicines are essential elements in the treatment of pathologies, diagnosis
and prevention, they also have risks. Thus, due to the fact that there is a limited knowledge
of the therapeutic profile of some drugs, it is important to continue to monitor their safety
after marketing, through several available methodologies, one of which is the notification
of adverse drug reactions (ADRs) to the National Systems of Pharmacovigilance (NPS),
present around the world, and created in order to monitor the safety of medicines. The
NPS cover all information related to ADRs and guarantee the safety of users who have
contact with medicines, especially medicines recently introduced on the market. This is the
case of vaccines used to immunize against COVID-19 [14,15].

In 1992, the SNF was created in Portugal, currently coordinated by INFARMED, I.P. In
the early 2000s, the SNF was decentralized into 4 Regional Pharmacovigilance Units (RPU)-
Norte, Centro, Sul and Açores-, with the aim of publicizing the system and promoting
notification, bringing the system closer to health professionals and promote the involvement
of university centres. Since 2017, the number of RPUs in the SNF increased, and there are
currently 10 covering different areas in the country. The RPU of Beira Interior is placed at
the University of Beira Interior, in the interior of Portugal, covers the districts of Castelo
Branco, Viseu and Guarda and involves some under reporting [16,17].

When the appearance of ADRs is suspected, the process of spontaneous notification
through an online or paper form or by telephone becomes important. Spontaneous report-
ing is a voluntary pharmacovigilance methodology, which consists of reporting an ADR
associated with a particular drug and a patient, which can be by the patient, a family mem-
ber or a healthcare professional. Spontaneous reporting makes it possible to detect ADRs
that occur rarely or unexpectedly, generating an alert signal for subsequent epidemiological
studies [16].

Therefore, pharmacovigilance, a science involved in the detection, evaluation and
prevention of ADRs, through the methodology of spontaneous reporting is an essential
step to assess the safety of vaccines used in the immunization against COVID-19 [17–20].

Thus, this study had two objectives. The first objective was to characterize the ADRs
associated with vaccines used in the immunization against COVID-19, notified in the region
covered by the Regional Pharmacovigilance Unit of Beira Interior, in Portugal. The second
objective was to compare the results obtained with the safety data from studies carried out
in other countries around the world. This period was the subject of study since it was the
initial period in which the vaccines authorized in the EU began to be administered to the
Portuguese population.

2. Materials and Methods

This work is a retrospective observational study. The data under analysis were col-
lected through spontaneous notifications sent to the Portuguese NPS by healthcare profes-
sionals, patients or family member. The Portuguese database is “Portal RAM” which is
coordinated by the National Authority of Medicines and Health Products, I.P. (INFARMED).
The search was carried out in this database taking into account the International Common
Denomination of each vaccine (Comirnaty®, Vaxzevria®, Spikevax® and Jcovden®), study
period (1–31 December 2021) and the area covered by the RPU of Beira Interior, in Portugal.

Statistical analysis of the data obtained was performed using the Microsoft Office
Excel 365 tool. In this tool, the data were organized according to the variables under study
and were later represented in tables and appropriate graphics.
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It is important to note that each notification concerns a single patient. However, more
than one ADR and seriousness criteria may be associated with each notification. Of the
2145 notifications received, only 2134 were studied because of the lack of information in
11 notifications.

It is also important to mention that this work did not require prior authorization from
the Ethics Committee, since the patients’ personal information was not used.

2.1. Population

The study population comprised only cases of suspected ADR associated with vaccines
used in the immunization against COVID-19, notified to the Regional Pharmacovigilance
Unit of Beira Interior, and no age restriction was imposed.

2.2. Variables
2.2.1. Characterization of the Notification Source
Notifier Characterization

ADRs can be notified by professionals in the pharmaceutical industry, patients, family
members or healthcare professionals. The healthcare professionals considered are classified
as physicians, pharmacists, nurses or other healthcare professionals. These professionals
play a crucial role in reporting ADRs, with the aim of reducing the negative outcomes
associated with them. Bearing in mind that this study only focuses on a regional unit,
there are no notifications from the pharmaceutical industry, since these professionals notify
directly to the RAM portal, and no specific region is assigned to them.

District of Origin

For the study, only the RPU of Beira Interior was considered, which covers 3 districts:
Castelo Branco, Guarda and Viseu. This area corresponds to about 700,000 inhabitants
and about 8000 healthcare professionals (doctors, nurses and pharmacists). Thus, the
notifications were analyzed according to the district of origin.

2.2.2. Demographic Characterization of the Population

The analysis was carried out by characterizing the notifications by age and gender.
In terms of age, 8 age groups were considered: 5 to 11 years old; 12 to 17 years old;
18 to 24 years old; 25 to 49 years old; 50 to 64 years old; 65 to 79 years old; ≥80 years; and
unknown. Gender was classified as male, female or unknown.

2.2.3. Characterization of Adverse Drug Reactionss
Characterization by Administered Vaccine

Notified ADRs were classified based on the associated vaccine. Only 4 vaccines
were considered: Comirnaty, Spikevax, Vaxzevria, and Janssen as they were the vaccines
authorized for administration in Portugal during the study period.

Analysis of ADRs

The description of each ADR is performed by the notifier, which is later coded accord-
ing to the Medical Dictionary for Regulatory Activities (MedDRA) terminology. MedDRA
is an international medical terminology developed in 1994 by the International Conference
on Harmonization (ICH). Prior to the creation of this dictionary, there was no international
medical terminology, so the existence of multiple terminologies created several problems
in the analysis of data related to pharmaceutical products. In this way, there was a need
to create an international medical terminology, in order to facilitate communication be-
tween the various health professionals, and the crossing of data regarding pharmaceutical
products [21].

MedDRA terms are hierarchically organized into: system organ class (SOC); high level
group term (HLGT); high level terms (HLT); preferred term (PT) and lowest level term
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(LLT), with the SOC level being the widest and most comprehensive and the LLT level
being the most specific [21].

Thus, the ADRs were initially grouped according to the SOC group, and finally, they
were organized according to the PT term.

Description in the Summary of Drug Characteristics (SmPC)

In order to verify the previous descriptions of the ADRs under study associated with
the vaccines, the SmPC of each vaccine was used, grouping the data into 2 categories:
“Described in the SmPC” and “Not described in the SmPC”.

Regarding ADRs not described, they were grouped into 2 parameters: “Degree of
Causality Studied” and “Degree of Causality not studied”. Causality is attributed by an
expert from the regulatory authority or the pharmaceutical company, in ADRs considered
serious, and from the information provided during the notification.

Subsequently, the ADRs for which the degree of causality was studied were grouped
into 6 categories: Definitive, Probable, Possible, Unlikely, Conditional, Unclassifiable [22].

Seriousness and Seriousness Criteria

Regarding the seriousness, notifications were grouped into serious and non-serious
based on the notifier’s assessment and/or Regional Pharmacovigilance. Subsequently,
serious ADRs were grouped by seriousness criteria.

There was also the characterization of ADRs associated with the seriousness criteria
“Hospitalization”, “Life Risk” and “Death”, according to age and associated vaccine brand.

An ADR is considered serious if it “results in temporary or permanent disability,
causes a congenital abnormality, results in hospitalization or prolongation of hospitalization,
causes death or is life-threatening, or fulfills another clinically important condition” [23].

Evolution of ADRs

Data were grouped into the following categories: Cure, Cure with collateral damage,
in recovery, Death and Unknown, based on the information provided by the notifier.

Characterization of Notifications with the Outcome “Death” with Terms Belonging to the
IME List

Finally, the characterization of the notifications that culminated in death was carried
out, taking into account the presence of terms belonging to the Important Medical Events
(IME) list.

In order to facilitate the classification of ADRs, as well as assist in the analysis of
notifications submitted to the National Pharmacovigilance Systems, Eudravigilance created
a list of medical terms considered important, called the IME list, based on the definitions
adopted by the ICH. Important Medical Events are events that may not immediately lead to
death or hospitalization but compromise the individual’s life or require medical or surgical
intervention in order to avoid the outcomes listed in the definition of seriousness ADR [24].

3. Results

As mentioned above, the number of notifications to be analyzed, after the duplicate
and annulled notifications have been withdrawn, was 2134.

3.1. Characterization of the Notification Source
3.1.1. Notifier Characterization

In this study, the type of notifier who submitted the notification was analyzed. Through
Figure 1, it is possible to observe that most notifications were submitted by the pharmacist
(82.15%, n = 1753), followed by the user or other non-healthcare professional (6.47%, n = 138)
and later the physician (6.09%, n = 130). Nurses had a notification rate of 4.87% (n = 104),
and finally, other healthcare professionals submitted only 0.42% (n = 9) of the notifications.
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Figure 1. Characterization of notifications by type of notifier.

3.1.2. District of Origin

For the study, only the RPU of Beira Interior was considered. Through Figure 2, it is
possible to observe that most notifications presented Castelo Branco as the district of origin
(86.36%, n = 1843), followed by Viseu (9.18%, n = 196) and finally Guarda (4.45%, n = 95).

 

Figure 2. Characterization of notifications by District of Origin of notification.

3.2. Demographic Characterization of the Population

The notifications were characterized as to the age and gender of the patients, as can be
seen in Table 1 and Figure 3, respectively.

Analyzing Table 1, it is possible to verify that most notifications were associated
with patients aged between 25 and 49 years (57.64%, n = 1230), followed by patients aged
between 50 and 64 years. (26.90%, n = 574).

Regarding gender, notifications were grouped into female, male and unknown. The fe-
male gender presented the most notifications, accounting for 1534 (71.88%) out of 2134 total
notifications.
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Table 1. Distribution of notifications by age group.

Age Groups Frequency Percentage (%)

(5–11) 0 0.0

(12–17) 7 0.33

(18–24) 108 5.06

(25–49) 1230 57.64

(50–64) 574 26.90

(65–79) 97 4.55

≥80 66 3.09

Unknown 52 2.44

Total 2134 100.00

 

Figure 3. Characterization of notifications according to Gender.

3.3. Characterization of Adverse Drug Reactions
3.3.1. Characterization by Administered Vaccine

During the study period, only 2 types of vaccines were administered–mRNA vaccines
and non-replicating viral vector vaccines. It is important to note that each notification
concerns a single vaccine. According to Figure 4, mRNA vaccines were highlighted (82.52%,
n = 1761). In turn, vaccines with a non-replicating viral vector had a notification rate of
17.48% (n = 373).

Subsequently, the ADRs were organized into 4 classes, according to the brand name
of the administered vaccine. Analyzing Figure 5, it is possible to observe that most of the
notifications submitted were associated with the Comirnaty vaccine (79.29%, n = 1692),
followed by the Vaxzevria vaccine with 325 notifications (15.23%). The Spikevax vaccine
had a notification rate of 3.23% (n = 69), and finally, the Jcovden vaccine was associated
with 2.25% (n = 48) of the notifications submitted.
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Figure 4. Characterization of notifications according to the type of vaccine.

 

Figure 5. Characterization of notifications according to the brand name of the vaccine.

3.3.2. Analysis of Adverse Drug Reactions

In this study, the notifications sent to the Regional Pharmacovigilance Unit of Beira
Interior were initially characterized according to the SOC classification of the MedDRA
dictionary. The 2134 notifications were organized into 5685 SOC reactions, meaning that
there were, on average, approximately 3 SOC reactions for each notification.

Through Table 2, it is possible to conclude that the three SOC groups most frequently
notified were “General disorders and administration site conditions”, “Nervous system dis-
orders”, and “Musculoskeletal and connective tissue disorders”, presenting the following
frequencies 2454 (43.17%), 1048 (18.43%) and 1015 (17.85%), respectively. The least notified
SOC groups were “Pregnancy, puerperium and perinatal conditions”, constituting 0.02%
(n = 1) of the notifications, and “Social Circumstances”, with 0.04% (n = 2).
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Table 2. Characterization of Adverse Drug Reactions by System Organ Class groups.

System Organ Class Groups Frequency Percentage (%)

General disorders and administration site conditions 2454 43.17

Nervous system disorders 1048 18.43

Musculoskeletal and connective tissue disorders 1015 17.85

Gastrointestinal disorders 464 8.16

Blood and lymphatic system disorders 147 2.59

Skin and subcutaneous tissue disorders 144 2.53

Respiratory, thoracic and mediastinal disorders 115 2.02

Infections and infestations 65 1.14

Vascular disorders 62 1.09

Cardiac disorders 42 0.74

Psychiatric disorders 22 0.39

Injury, poisoning and procedural complications 21 0.37

Ear and labyrinth disorders 19 0.33

Eye disorders 16 0.28

Metabolism and nutrition disorders 13 0.23

Investigations 11 0.19

Reproductive system and breast disorders 10 0.18

Immune system disorders 8 0.14

Renal and urinary disorders 6 0.11

Social Circumstances 2 0.04

Pregnancy, puerperium and perinatal conditions 1 0.02

Total 5685 100.00

After the analysis by SOC groups, the ADRs notified to the URF of Beira Interior were
classified according to the PT terms. The results are shown in Table 3. The “Other reactions”
category encompassed adverse reactions with a notification rate ≤1%.

Table 3. Characterization of Adverse Drug Reactions according to the Preferred Term.

Adverse Drug Reaction Frequency Percentage (%)

Reaction at or around the site of administration 1147 20.18

Myalgia 751 13.21

Headache 608 10.69

Pyrexia 499 8.78

Chills 222 3.91

Nauseas 219 3.85

Fatigue 214 3.76

Somnolence 178 3.13

Arthralgia 160 2.81

General Pain and Malaise 156 2.74

Lymphadenopathy 141 2.48
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Table 3. Cont.

Adverse Drug Reaction Frequency Percentage (%)

Asthenia 106 1.86

Diarrhoea 98 1.72

Dizziness 92 1.62

Vomiting 91 1.60

Pain in extremity 68 1.20

Rash 65 1.14

Change in body temperature 65 1.14

Influenza 63 1.11

Other reactions * 742 13.05

Total 5685 100.00
* The “Other reactions” category encompasses adverse reactions with a notification rate ≤1%.

Through Table 3, it is possible to conclude that the 3 ADRs most frequently notified
were “Reaction at or around the site of administration”, “Myalgias”, and “Headache”, with
the following frequencies 1147 (20.18%), 751 (13.21%) and 608 (10.69%), respectively.

Regarding the “Other reactions” category, it included ADRs with a low reporting rate,
such as miscarriage, anaphylactic shock, seizures, respiratory distress and syncope.

3.3.3. Description in the Summary of Drug Characteristics (SmPC)

The ADRs were analyzed in terms of their prior knowledge. Thus, the SmPC of the
respective vaccines under study was used for further characterization in: “Described in the
SmPC” and “Not described in the SmPC” [25–28].

Through Figure 6, it is possible to verify that 5299 ADRs were described in the SmPC
(93.21%), among which it is possible to highlight “Reaction at or around the administration
site”, “Myalgias”, “Arthralgias”, “Pyrexia” and “Headaches”. 386 ADRs were not described
in the SmPC (6.79%).

 
Figure 6. Characterization of Adverse Drug Reactions according to the description in the SmPC.

ADRs not described in the SmPC were grouped according to 2 categories: “Degree
of Causality Studied” and “Degree of Causality not studied”. The category of “Degree of
Causality Studied” obtained the most prominence (61.66%; n = 238) (Figure 7).
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Figure 7. Study of Causality.

The ADRs for which the degree of causality was studied were grouped into 6 cate-
gories: “Definitive”, “Probable”, “Possible”, “Unlikely”, “Conditional”, and “Unclassifi-
able”. According to Table 4, it is possible to observe that most ADRs were classified as
“Possible” (n = 118, 49.58%). 100 ADRs (42.02%) have a “Probable” degree of causality and
18 (7.56%) were classified as “Unlikely”. The degree of causality that was less prominent
was the “Unclassifiable” (n = 2; 0.84%). The “Definite” and “Conditional” degrees of
causality were not assigned to ADRs notified.

Table 4. Characterization of Adverse Drug Reactions according to the degree of causality attributed.

Causality Frequency Percentage (%)

Definitive 0 0.00

Probable 100 42.02

Possible 118 49.58

Unlikely 18 7.56

Conditional 0 0.00

Unclassifiable 2 0.84

Total 238 100.00

3.3.4. Seriousness and Seriousness Criteria
Seriousness

In this study, the 2134 notifications were further characterized according to seriousness.
Among these notifications, 1700 notifications were considered non-serious (79.66%) as they
did not fulfill any of the criteria mentioned in Seriousness and Seriousness Criteria section.
In turn, 434 notifications were considered serious, representing 20.34%, as can be seen in
Figure 8.

Subsequently, the 434 notifications considered serious were organized according to
the brand of vaccine administered. Figure 9 shows that most ADRs considered serious
belonged to the Comirnaty vaccine (70.51%, n = 306), followed by the Vaxzevria vaccine
with 60 serious ADRs (13.82%). The Jcovden vaccine had 35 serious notifications (8.06%)
followed by Spikevax with 33 notifications (7.60%).
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Figure 8. Characterization of notifications according to seriousness.

 
Figure 9. Characterization of serious notifications according to the brand name of the vaccine
administered.

Seriousness Criteria

ADRs considered severe were grouped by seriousness into 5 criteria: “Clinically impor-
tant”, “Disability”, “Hospitalization”, “Life Risk” and “Death”. Some serious notifications
had more than one seriousness criteria, with a total of 441 seriousness criteria notified for
434 serious notifications.

The seriousness criteria “Clinically important” had great prominence, with a percent-
age of 64.63% (n = 285), followed by “Disability” (24.04%, n = 106). Then came the criteria
“Hospitalization” with 9.52% of serious notifications, which corresponds to 42 notifications.
Finally, the criteria “Life Risk” and “Death” appeared with 6 and 2 notifications (1.36% and
0.45%), respectively, as can be seen in Figure 10.
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Figure 10. Characterization of serious notifications according to the seriousness criteria.

Then, the ADRs with seriousness criteria “Hospitalization”, “Life Risk” and “Death”,
were characterized according to patient’s age and associated vaccine brand.

Initially, there was a characterization of the 42 notifications with the seriousness criteria
“Hospitalization” according to the brand of vaccine administered and age, and the results
can be found in Figure 11 and Table 5, respectively. Regarding the brand of the associated
vaccine, the Comirnaty vaccine was responsible for most hospitalizations (45.24%, n = 19),
followed by Vaxzevria responsible for 35.71% (n = 15). The Jcovden vaccine was associated
with 14.29% (n = 6) of notifications with the seriousness criteria Hospitalization, and finally,
Spikevax originated 4.76% (n = 2) of hospitalizations.

 

Figure 11. Characterization of serious notifications with the seriousness criteria “Hospitalization”,
according to the brand of vaccine administered.
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Table 5. Characterization of serious notifications with the seriousness criteria “Hospitalization”,
according to the associated age.

Age Group Frequency Percentage (%)

(5–11) 0 0.00

(12–17) 0 0.00

(18–24) 2 4.76

(25–49) 13 30.95

(50–64) 7 16.67

(65–79) 12 28.57

≥80 7 16.67

Unknown 1 2.38

Total 42 100.00

Analyzing Table 6, most hospitalizations were associated with patients aged between
25 and 49 years (30.95%, n = 13), followed by patients aged between 65 and 79 years (28.57%,
n = 12).

Table 6. Characterization of serious notifications with the seriousness criterion “Life Risk”, according
to the associated age.

Age Group Frequency Percentage (%)

(5–11) 0 0.00

(12–17) 0 0.00

(18–24) 1 16.67

(25–49) 3 50.00

(50–64) 1 16.67

(65–79) 0 0.00

≥80 1 16.67

Unknown 0 0.00

Total 6 100.00

Subsequently, the 6 notifications with the seriousness criteria “Life Risk” were char-
acterized, and the results are found in Figure 12 and Table 7. In Figure 12 it is possible
to observe that the vaccines responsible for this seriousness criteria were the Comirnaty
vaccine, the Spikevax vaccine and the Jcovden vaccine, each responsible for three, two
and one case, respectively. In fact, the most prominent vaccine was Comirnaty, the most
administered vaccine in Portugal [29].

Regarding the age groups associated with the seriousness criteria “Life Risk”, it’s
possible to observe through the Table 6 that the age group with the most cases was the
group from 25 to 49 years old (50.00%, n = 3). The age groups from 18 to 24 years old, 50 to
64 years old and ≥80 years old were associated with a single case of “Life Risk”.

Finally, the 2 notifications associated with the seriousness criteria “Death” were charac-
terized. In Figure 13 it’s possible to observe that the vaccines responsible for this seriousness
criteria were the Comirnaty and the Vaxzevria vaccine, each responsible for one case. These
patients were 76 and 84 years old, respectively.
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Figure 12. Characterization of serious notifications with the seriousness criteria “Life Risk”, according
to the brand of vaccine administered.

Table 7. Evolution of Adverse Drug Reactions associated with vaccines used in immunization against
COVID-19.

Evolution of Adverse Drug Reactions Frequency Percentage (%)

Cure 5361 94.30

Cure with collateral damage 9 0.16

In recovery 6 0.11

Death 6 0.11

Unknown 303 5.33

Total 5685 100.00

 
Figure 13. Characterization of serious notifications with the seriousness criteria “Death”, according
to the brand of vaccine administered.

3.3.5. Evolution of Adverse Drug Reactions

Another important parameter to be evaluated is the evolution of the patient’s clinical
condition, whose data allow us to understand the possible risks to the patient’s life after
the administration of the drug in humans (Table 7).
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Of the 5685 ADRs notified, 5361 (94.30%) resolved within a few hours or days without
the appearance of collateral damage, 9 (0.16%) led to the appearance of collateral damage,
6 (0.11%) ADRs patients were in recovery at the time of reporting and in 6 (0.11%) ADRs the
result was death. In 5.33% of the ADRs (n = 303), it was not possible to obtain information
regarding the outcome of the reaction.

3.3.6. Characterization of Notifications with the Outcome “Death” with Terms Belonging to
the Important Medical Events List

In total, 2 notifications were obtained that culminated in death, corresponding to a
total of 6 ADRs, of which 5 were on the IME list. Through Table 8, it is possible to see that
the 6 ADRs associated with the outcome “Death” belonged to 3 SOC groups, among which
the “Cardiac disorders” group was more prominent.

Table 8. Relationship between the Adverse Drug Reactions of the notifications that progressed to
death with the terms belonging to the Import Medical Event (IME) list.

System Organ Class Group IME List Terms

Cardiac disorders (3) Acute myocardial infarction (2);
Cardiogenic shock (1)

Renal and urinary disorders (1) Acute kidney injury (1)

Metabolism and nutrition disorders (1) Hyperkalaemia (1)

These 2 cases obtained a causality study by the regulatory authority, with a conclusion
of an unlikely causal relationship, i.e., there was no causal relationship between ADR and
the associated vaccine.

4. Discussion

This study allowed the characterization of the notifications of ADRs associated with vac-
cines used in the immunization against COVID-19, notified to the Pharmacovigilance Unit
of Beira Interior, in Portugal, in the time period between December 2020 and December 2021.

Initially, the type of notifier who submitted the notification was analyzed. Through
data analysis, it was found that pharmacists had the highest notification rate. The user
or other non-healthcare professional also contributed to improving the safety profile of
vaccines, followed later by physicians. According to the graph “Evolution of ADR Notifica-
tions received in the SNF, by origin, 1992–2021”, made available by INFARMED, over the
years, the biggest notifier of ADRs has been the pharmaceutical industry [30]. In the year
2021, the industry was the biggest notifier, followed by physicians and later by pharmacists.
The results obtained in this study are not in accordance with the INFARMED graph, pre-
senting the pharmacist as the greatest notifier of ADRs associated with vaccines used in the
immunization against COVID-19. This is related to the fact that the pharmaceutical services
of 2 hospital centers established pharmacovigilance protocols and were later involved
in collecting information from patients after the administration of these vaccines, thus
increasing the notification rate obtained by pharmacists. However, in general, the results
obtained in the study support the fact that healthcare professionals are increasingly aware
of the need to notify suspected ADRs, in order to improve the safety profile of medicines.
As mentioned in the Notifier Characterization section, the fact that this study focused only
on a regional unit explains why we did not obtain ADRs notified by the pharmaceutical
industry, as these professionals notify them directly on the ADR portal, with no specific
region being assigned to them.

Regarding the district of origin of the notification, it was found that most notifications
presented Castelo Branco as the district of origin, followed by Viseu and finally Guarda.

Among the analyzed data, the age group with the highest notification rate, among
the groups considered, was the group from 25 to 49 years old, followed by patients aged
between 50 and 64 years old. These data are in accordance with the document “Pharma-
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covigilance Report: Monitoring the safety of vaccines against COVID-19 in Portugal. Data
received until 01/31/2022.”, which indicates that the age groups 25 to 49 years old and 50 to
64 years old had the highest number of ADR notifications at the national level [29]. This fact
may be due to the greater number of vaccines being administered in these two age groups,
in addition to being age groups with greater ability to recognize an ADR. It is also important
to point out that, according to the data referring to the resident population in Portugal by
age group, these are the age groups with the largest population [31]. Regarding gender,
the population was mostly female, and these data are supported by the aforementioned
document [29]. Generally, the female gender is the one that most notified to any drug,
due to the greater susceptibility to develop ADRs, compared to the male gender, probably
due to the physiological differences between both sexes. Additionally, it may be related to
women’s greater attention to their health and signals developed by their body [29,32,33].
International studies also confirm the aforementioned data regarding the age groups and
gender with the highest notification rates of vaccine-associated ADRs [34,35].

Subsequently, ADRs were analyzed according to the type and brand of the vaccine
administered. In this study, during the analysis period, mRNA vaccines were the most
notified. Most of the notifications submitted were associated with the Comirnaty vaccine,
followed by the Vaxzevria vaccine. In fact, these data were in agreement with the IN-
FARMED Pharmacovigilance Report, which indicates that the majority of ADRs notified
in Portugal correspond to mRNA vaccines [29]. It should be noted that these results may
be due to the fact that these were the most administered vaccines in Portugal as well as in
the EU and the United States [36,37]. The same report mentions that the vaccine with the
highest number of ADR notifications was Comirnaty, followed by the Vaxzevria vaccine,
which reinforces the data in Figure 5 available in Section 3.3.1. of the results [29]. These
data are corroborated by EMA data, which indicate that these were also the most ADR
vaccines reported in Europe [38]. According to data from the Centers for Disease Control
and Prevention, the Comirnaty vaccine was the vaccine with the most ADRs reported in
the United States [39].

The three most frequently notified SOC groups were “General disorders and adminis-
tration site conditions”, “Nervous system disorders”, and “Musculoskeletal and connective
tissue disorders”. Thus, with regard to “General disorders and administration site changes”,
it is easy to see why they represented the most frequent SOC group, given that this group
encompassed non-specific symptoms that affect various sites in the body, such as general
malaise or fatigue, as well as ADRs frequently associated with the administration of any
vaccine, such as pain, swelling, itching or bruising at the injection site. These signs are
usually mild and transient. As for the second group, “Nervous System Diseases”, they
included symptoms such as headaches, migraines and convulsions. The third most notified
group was “Musculoskeletal and connective tissue disorders”, which included myalgias,
arthralgias and pain in the extremities. It is easy to understand why it was among the three
most notified groups, as SARS-CoV-2 binds to host cells through the spike glycoprotein,
through the ACE2 receptor [40]. This receptor is found in the epithelial cells of the pul-
monary alveoli and in the enterocytes of the small intestine, as well as in the skeletal muscle
and central nervous system, which may be related to myalgias. Additionally, another phe-
nomenon associated with myalgias is the “cytokine storm”, in which interleukin-6 plays
a key role in inducing the production of prostaglandin E2, associated with inflammation
and pain [40]. The vaccines used to immunize against COVID-19, despite not containing
the virus in their constitution, have information that encodes the spike protein, recognized
by the immune system, and capable of causing an inflammatory response, through a large
production of pro-inflammatory cytokines, which leads to the appearance of myalgias
and other musculoskeletal symptoms [41,42]. These data are in accordance with the afore-
mentioned Pharmacovigilance Report [29]. According to the document “Rapporto sulla
Sorveglianza dei vaccini anti-COVID-19”, issued by the Agenzia italiana del farmaco, the
three most frequently notified SOC groups were the “General disorders and administration
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site conditions”, “Nervous system disorders”, and “Musculoskeletal and connective tissue
disorders” which are in accordance with the results obtained through this study [43].

Following the analysis by SOC groups, the ADRs were classified according to the
PT terms. The three most frequently notified ADRs were “Reaction at or around the
injection site”, “Myalgias”, and “Headache”. These data are in agreement with the data
from the most frequently notified SOC groups referred to in the previous paragraph
(“General disorders and administration site disorders”, “Nervous System Disorders”,
and “Musculoskeletal and connective tissue disorders”). The explanation for the ADR
“Reaction at or around the injection site” being among the three most frequently reported
ADRs is related to the way in which the vaccines are administered. This group belongs
to the SOC group “General disorders and administration site conditions”, referred in the
previous paragraph. “Headache” is among the three most reported ADRs, however the
mechanism by which it occurs remains unclear. Some authors suggest that “Headache”
may be due to a direct activation of the trigeminal vascular system, which consists of
nerve fibers originating from the trigeminal nerve that innervate cerebral blood vessels.
Additionally, another phenomenon possibly associated with “Headaches” is the “cytokine
storm”, associated with inflammation and pain [44]. These data are in agreement with
the INFARMED Pharmacovigilance Report, which mentions “Headache”, “Myalgias” and
“Pain at the injection site” among the most frequently notified ADRs. This report also
mentions that “Pyrexia” is the most prominent ADR, something that was not verified
through the data under study [29]. However, this is a term that also has a high notification
rate, ranking 4th in Table 3 of Section 3.3.2. It is easy to understand why it had a high
notification rate, taking into account that it is characterized by an immune system response
to a foreign body introduced into our system, as is the case with the vaccine [39,40]. These
data are also corroborated by studies carried out in other countries, which indicate that
“Reaction at or around the injection site”, “Myalgias”, “Pyrexia” and “Headache” are
among the ADRs most commonly associated with vaccines [45–47]. During the study
period, several countries suspended or restricted the use of vaccines to certain populations
due to the emergence of rare adverse reactions [48–50].

The notified ADRs were compared with the SmPCs of the respective vaccines, showing
that most RAMs were already described. Regarding the degree of causality, most ADRs
were classified as “Possible” or “Probable”, followed by the degree “Unlikely” and the
degree “Unclassifiable”. Although ADRs not described in the SmPCs represent a low
percentage, it is crucial that they receive a degree of importance, especially in those in
which it was possible to conclude the degree of causality as “Possible” and “Probable”,
since they allow updating the safety profile of each vaccine and consequently its SmPCs,
thus reinforcing the importance of reporting ADRs.

Regarding seriousness, 20.34% of ADRs were considered serious ADRs, most of
which were associated with the Comirnaty vaccine. In fact, these data are in agreement
with the INFARMED Pharmacovigilance Report, which indicates that the majority of
ADRs associated with vaccines used in the immunization against COVID-19 correspond
to non-serious ADRs [29]. According to the document “Rapporto sulla Sorveglianza dei
vaccini anti-COVID-19”, most ADRs were classified as non-serious, which corroborates
the results obtained in this study. However, this document indicates that the vaccine most
associated with serious reactions was Spikevax, which is not in agreement with the results
obtained in this study [43]. Our results may be due to the fact that Comirnaty was the
most administered vaccine in Portugal [29]. Even so, there is a large percentage of serious
notifications, which again reinforces the importance of healthcare professionals and users
to carry out the notifications of ADRs.

The seriousness criteria with the highest rate were the “Clinically important” criteria,
followed by the seriousness criteria “Disability”, “Hospitalization”, “Life risk” and “Death”.
It is important to note that there were notifications in which the notifier had selected more
than one seriousness criterion. These data are in accordance with the documents “Phar-
macovigilance Report: Monitoring the safety of vaccines against COVID-19 in Portugal.
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Data received until 01/31/2022” and “Rapporto sulla Sorveglianza dei vaccini anti-COVID-
19”, which indicates that the seriousness criteria that stands out the most is “Clinically
important”, with the criteria “Life Risk” and “Death” being less prominent [29,43]. The
Comirnaty vaccine was responsible for the most hospitalizations as well as for half of the
cases associated with the “Life Risk”. In fact, these results may be due to the fact that
this was the most administered vaccine in Portugal as well as in the EU and in the United
States [36,37]. Regarding the seriousness criteria “Death”, the associated vaccines were
Comirnaty and Vaxzevria, with patients aged 86 and 74 years, respectively, both of whom
had a history of acute myocardial infarction.

Most of the ADRs notified progressed to cure. In total, there were 2 notifications that
progressed to death, of which 5 terms were on the IME list, most of the terms referred to
“Cardiac disorders”. These 2 notifications corresponded to patients aged 74 and 86 years,
with a history of acute myocardial infarction as well as in the presence of cardiovascular risk
factors, among which diabetes mellitus, arterial hypertension, obesity and dyslipidemia
stand out. Regarding the notified ADRs, the regulatory authority classified them with a
degree of causality “Improbable”, based on the history that the patients had, which meant
that the vaccines were not the cause of death for both patients. These data are in agreement
with several studies that indicated that the cases of death that occurred in patients after
vaccination against COVID-19 were not related to the vaccines administered, being nothing
more than mere coincidence [51].

4.1. Limitations

This study had some limitations, among which we can highlight the rate of under
reporting of suspected ADRs, i.e., not all ADRs that occurred were notified to the National
Pharmacovigilance System, which may have occurred, for example, due to lack of time or
ignorance regarding the existence of the “Portal RAM” [16,17]. Another limitation is related
to the fact that some notifications presented a lack of information, making their study
difficult. Additionally, the fact that the Comirnaty vaccine is the most administered vaccine
in Portugal, leading to the majority of ADRs reported being associated with this vaccine,
may have biased the results obtained, since the vaccines under study were not administered
in the same number of patients, making it more difficult to compare the results.

4.2. Strengths of Study

The strengths of our study included a large sample size in which it was possible to
characterize several parameters associated with the reported ADRs. Additionally, it was
the first study carried out in Portugal, to our knowledge, over a long period involving data
corresponding to the first, second and third doses.

5. Conclusions

The notification of suspected ADRs was mainly related to common and non-serious
reactions (e.g., pyrexia, fatigue, myalgia and reaction at or around the injection site), which
is in accordance with clinical trials, in the vaccine SmPCs and in ADR notifications of
vaccines from other countries. In general, ADRs resolved within a few hours/days without
any consequences, which confirms a favorable safety profile of the COVID-19 vaccines.
Despite the results obtained, further studies are needed to confirm these data.
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Abstract: Preventive chemotherapy (PC) with praziquantel and albendazole co-administration to all
at-risk populations is the global intervention strategy to eliminate schistosomiasis and soil-transmitted
helminth (STH) from being public health problems. Due to weak pharmacovigilance systems, safety
monitoring during a mass drug administration (MDA) is lacking, especially in sub-Saharan Africa.
We conducted large-scale active safety surveillance to identify the incidence, types, severity, and
associated risk factors of adverse events (AEs) following praziquantel and albendazole MDA in 5848
school children (5–15 years old). Before MDA, 1484 (25.4%) children were prescreened for S. mansoni
and STH infections, of whom 71.8% were infected with at least one parasite; 34.5% (512/1484) had
S. mansoni and 853 (57.5%) had an STH infection. After collecting the baseline socio-demographic,
clinical, and medical data, including any pre-existing clinical symptoms, participants received single
dose praziquantel and albendazole MDA. Treatment-associated AEs were actively monitored on
days 1 and 7 of the MDA. The events reported before and after the MDA were cross-checked and
verified to identify MDA-associated AEs. The cumulative incidence of experiencing at least one type
of MDA-associated AE was 13.3% (95% CI = 12.5–14.2%); 85.5%, 12.4%, and 1.8% of reported AEs
were mild, moderate, and severe, respectively. The proportion of experiencing one, two, or ≥ three
types of AEs was 57.7%, 34.1%, and 8.2%, respectively. The cumulative incidence of AEs in S. mansoni-
and (17.0%) and STH (14.1%)-infected children was significantly higher (p < 0.001, χ2 = 15.0) than
in non-infected children (8.4%). Headache, abdominal pain, vomiting, dizziness, and nausea were
the most common AEs. Being female, older age, having S. mansoni or STH infection were significant
predictors of MDA-associated AEs. In summary, praziquantel and albendazole co-administration
is generally safe and tolerable. MDA-associated AEs are mostly mild-to-moderately severe and
transient. The finding of few severe AEs and significantly high rates of AEs in helminth-infected
children underscores the need to integrate pharmacovigilance in MDA programs, especially in high
schistosomiasis and STH endemic areas.

Keywords: safety surveillance; pharmacovigilance; praziquantel; albendazole; school children;
preventive chemotherapy; cohort event monitoring; schistosomiasis; STH; Ethiopia; drug safety
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1. Introduction

In sub-Saharan Africa (SSA), soil-transmitted helminth (STH) and schistosomiasis are
the first and second most prevalent neglected tropical diseases (NTDs), respectively [1].
More than 90% of the global schistosomiasis burden is from SSA. Both STH and schisto-
somiasis have been associated with different health complications among the chronically
infected groups by causing malnutrition, anemia, a poor cognitive function, impaired
childhood development, fatigue, and exercise intolerance [2–6]. In Ethiopia, intestinal
schistosomiasis, which Schistosoma mansoni causes, is endemic in most parts of the country
and remains among the main causes of morbidity in the country [6–8]. STH is endemic
throughout the country.

Due to the long-term health consequences and economic burden in endemic areas,
the World Health Organization (WHO) established a global program to eliminate NTDs
as a public health problem. Among the interventions recommended by the WHO for
schistosomiasis and STH elimination and control is preventive chemotherapy (PC), which
is defined as a large scale distribution of anthelmintics at regular intervals without prior
screening to all at-risk population groups [9–12]. School children are the main target for
PC using praziquantel and albendazole due to their increased risk of infection [13,14]. In
line with the WHO 2012–2020 strategic plan for the control and elimination of NTDs, drug
donations for PC through a mass drug administration (MDA) to at-risk population groups
has been escalated globally due to increased donor funds and support from pharmaceutical
industries [9,15]. This large-scale donation of drugs and funds has resulted in reaching
millions of at-risk populations through PC. For instance, 105 million individuals received
praziquantel PC against schistosomiasis in 2019. Similarly, 613 million children received
PC for the control of STH through the annual deworming program the same year [16].

The WHO has expanded the target population group with a recommendation of annual
PC to people older than two years in endemic countries where the prevalence exceeds
10% [17]. The increase in the target population and frequency of PC use will increase the
number of individuals who will be exposed to drugs, which will have implications for
safety monitoring. Firstly, the large-scale distribution of drugs without a prior screening of
individuals for the disease may expose the non-infected ones to unnecessary MDA-related
adverse events [17,18]. Secondly, drugs used in PC, like for schistosomiasis and STH, are
often co-administered, increasing the risk of rare and unexpected adverse events due to
drug–drug interaction and/or overlapping toxicities [19]. Third, most clinical trials on
drugs used in an MDA are tested in different population groups than the target population
for the MDA. Thus, host-genetic and environmental variations may predispose the target
population to the occurrence of rare adverse events. Finally, the drug distribution during
PC implementation is mainly conducted by non-healthcare professionals with no or little
knowledge of drug-related adverse events, further underscoring the need for integrating
safety monitoring (pharmacovigilance) in PC programs.

Adverse events following an MDA might be associated with the disease characteristics
(the intensity of infection), participant characteristics (their age and nutritional status),
or other factors in the context of drug use (operational errors or coincidences) [20–22].
Therefore, the integration of safety monitoring in the NTD control program is crucial
for ascertaining the cause of adverse events and taking the necessary preventive and
corrective measures. Previous studies have evaluated the safety of praziquantel and/or
albendazole [20–23]. However, these studies had relatively small sample sizes, and some
assessed only the safety of praziquantel alone, and the follow-up period was also short.
Furthermore, no active surveillance study has evaluated and compared the safety outcome
of praziquantel and albendazole between helminth-infected and non-infected children.
Hence, safety data on mass praziquantel and albendazole administration, especially in SSA,
are scarce.

The pharmacovigilance system in most endemic countries, especially in SSA countries,
is weak, and the spontaneous reporting system captures few to no adverse events during
an MDA [24,25]. Furthermore, the spontaneous reporting only shows the trend of adverse
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events and does not help determine the incidence since the denominator (the number of
populations who took the drug) is unknown. In settings where the pharmacovigilance
system is weak and the implementation of passive surveillance is challenging, other robust
safety surveillance mechanisms like active safety monitoring in the form of cohort event
monitoring is recommended [26,27]. Therefore, with the aim of identifying the incidence,
types, severity, and risk factors of the adverse events associated with mass praziquantel
and albendazole co-administration, we conducted a large-scale observational prospective
safety surveillance using active cohort event monitoring among school children in selected
primary schools in southern Ethiopia.

2. Materials and Methods

2.1. Study Design, Area, and Population

The study observational prospective active safety surveillance of mass praziquantel
and albendazole administration was conducted in six primary schools in the Hawella Tula
and Wondo Gennet districts in the southern part of Ethiopia, at approximately 300 km
south to Addis Ababa. The former district is located along the shore of lake Hawassa
and residents rely on the lake water for their major domestic use. The Wondo Gennet
district has various small water sources and most of the community members use these
water sources for their consumption purpose. The study participants were school children
attending six primary schools in two rural districts located in in Hawella Tula and Wondo
Gennet districts. The schools involved from the Hawella Tula district were Bushulo, Kidus
Pawulos, Finchawa, and Cheffe primary schools, while those involved from Wondo Gennet
district were Wosha and Chukko primary schools. These districts were labeled as high
schistosomiasis and STH prevalence districts by the national NTD public program based
on the mapping results.

A total of 5848 school children aged 5–15 years from the six schools were enrolled
in this study. The sample size for each school was calculated based on the proportion of
the student population size. According to the WHO, a sample size of 10,000 gives a 95%
probability (confidence) to detect at least three events at a frequency of 1 per 3333 [28,29].
Therefore, based on that estimation, our study sample size of 5848 will detect at least three
events at a frequency of 1 per 1949 with a 95% confidence.

2.2. Study Enrolment and Baseline Data Collection

This study obtained ethics approval from the Institutional Review Board of the South-
ern Nations, Nationalities and Peoples Region Health Bureau ethical clearance committee
(Ref no 902-6-19/14966) and the Ethiopian national research ethics review committee (Ref
no MoSHE//RD/141/9848/20). Before the study’s initiation, permission to conduct the
study was obtained from the regional health and education bureaus, zonal and district
health, and education offices. Orientation meetings with representatives from the dis-
trict’s education and health offices, healthcare professionals, schoolteachers, and the school
administrator were done to give information about the study. Prior to the enrolment,
participants and their parents or legal guardians received information about the study.
School children whose parents/guardians gave consent and provided assent to participate
(if applicable) were enrolled.

After their enrollment, the children’s baseline socio-demographic data including
their age, sex, and, nutritional status using anthropometric data, medical history, any
comorbidities, concomitant medications, and any pre-existing clinical symptoms (pre-MDA
events) were recorded from all the study participants. For measuring their nutritional
status, their weight in kilograms and height in centimeters were converted to the height-
for-age Z score (HAZ) and the body mass index (BMI)-for-age Z score (BAZ) using the
WHO Anthro-plus software for school-age children [30]. Participants with values less than
two standard deviation for both the HAZ and BAZ scores were considered as stunted and
wasted, respectively.
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2.3. Pre-Screening for S. mansoni and STH Infection

Two weeks prior to the MDA, 1484 (25.4%) out of the 5848 enrolled children were
pre-screened for S. mansoni and STH infections. The number of prescreened children was
proportionally distributed across the study schools and districts. The screening for a S. man-
soni and STH infection was done using the standard Kato–Katz technique recommended
by the WHO [31]. In brief, fresh stool samples from each study participant were collected
and two Kato–Katz smears were prepared [32]. The egg counts from two smear readings
were recorded, and the average value was taken and converted to the eggs per gram of
stool using a factor of 24. The intensity of the infection was determined for each parasite as
light, moderate, and heavy, based on the WHO criteria.

2.4. Mass Drug Administration and Safety Outcome Measures

The study participants received a single dose of praziquantel and albendazole, pro-
vided through the school-based MDA campaign led by the district health office of the NTD
control program. The praziquantel dose was calculated according to height of the children
(≥94 cm dose pole, designed to deliver a dose of at least 40 mg/kg) and 400 mg of albenda-
zole was administered following the national and WHO MDA guidelines [33]. The MDA
program was organized and implemented nationwide by the national NTD public health
program, and the study team had no role in the implementation of PC. After receiving the
MDA, the study participants were actively monitored for any MDA-associated AEs on days
1 and 7 post-MDA. The participants were requested to record any adverse event during
days 2–6. Any adverse events reported after receiving the MDA by each study participant
were crosschecked and verified to differentiate MDA-associated AEs from any which were
previously reported in an event pre-MDA.

The primary study outcome was the incidence of experiencing at least one type of
MDA-associated AE (post-MDA AEs), defined as any event that was not reported before
receiving the MDA but occurred after the drug exposure. The type and severity of the AEs
were secondary outcomes. The severity grading of the treatment-associated adverse events
were done using the Common Terminology Criteria for Adverse Events (CTCAE) Version
5.0 [34], as follows:

• Grade 1—Mild: asymptomatic or mild symptoms; clinical or diagnostic observations
only; and intervention not indicated.

• Grade 2—Moderate: limiting age-appropriate instrumental activities of daily living
(ADL). Minimal, local, or non-invasive intervention indicated.

• Grade 3—Severe: medically significant but not immediately life-threatening: disabling
and limiting the self-care activities of daily living. Hospitalization or prolongation of
hospitalization indicated.

• Grade 4—Life-threatening consequences: urgent intervention indicated.
• Grade 5—Death related to an AE.

2.5. Statistical Analysis

Data were entered on an open-source mobile data-based application Open Data Kit
(ODK) for collecting information onto the Ethiopian Food and Drug Authority database
and exported to an Excel file for cleaning. The data analysis was done by Statistical Package
for Social Sciences (SPSS) version 24. Descriptive statistics was used to analyze the socio-
demographic and baseline data. The Chi-square test was used to analyze the associations
between the outcome variable (having any AEs or not) with the independent categorical
variables. Univariate and multivariate regression analysis using binomial regression was
used to determine the predictors of adverse events. Variables with a p-value ≤ 0.2 on the
univariate analysis were included in the multivariate regression model. For interpretation
without changing the estimations, we used a log transformation to change the coefficients
into the incidence risk ratio (IRR). Probability values of less than or equal to 0.05 (p < 0.05)
was considered to be statistically significant.
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3. Results

3.1. Baseline Characteristics of Study Participants

A total of 5848 school children (50.5% were male) who were attending six primary
schools in the HawellaTulla and Wondo Gennet districts were enrolled in this study. A
quarter of the participants, 25.4% (1484), were prescreened for S. mansoni and STH infections
two weeks before receiving a praziquantel and albendazole MDA. The study flow chart
and MDA safety outcomes stratified by parasite infection status is presented in Figure 1.

 

Figure 1. Study flow chart of prescreened participants for S. mansoni and soil-transmitted helminth
(STH) infections before receiving mass drug administration (MDA) and safety outcomes after MDA
stratified by infection status. AEs = adverse events.

Among the 1484 prescreened children, 1065 (71.8%) were infected with at least one
type of parasite (S. mansoni or/and STH). Five hundred and twelve (34.5%) children were
S. mansoni infected and 853 (57.5%) were STH infected. The baseline characteristics of the
study participants are presented in Table 1. Of the total enrolled participants, 2.2% (129)
reported pre-MDA events.

3.2. Cumulative Incidence of MDA-Associated AEs

Thirty-nine (0.7%) out of the 5848 study participants did not complete their day seven
follow-up for safety monitoring. A total of 1187 AEs were reported by 780 participants
during the seven-day follow-up period. The cumulative incidence of experiencing at least
one type of MDA-associated AE during the 7 day follow-up period was 13.3% (780/5848;
95% CI = 12.5–14.2%). Among those who reported MDA-associated AEs, the proportion
of individuals who experienced one, two, or three or more types of AEs were 57.7% (450),
34.1% (266), and 8.2% (64), respectively. Of the total participants who experienced at least
one type of MDA-associated AE, 63.5% (495) experienced at least one type of AE on day
one and the rest, 38.7% (302), experienced an AE within day 2–7 of the follow-up period.
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The cumulative incidence of AEs over the seven days of the follow-up period stratified by
the occurrence days during the follow-up is presented in Figure 2.

Table 1. Socio-demographic and baseline characteristics of study participants.

Variables Category Frequency N (%)

Sex
Male 2956 (50.5)

Female 2892 (49.5)

Age Group 5–9 years 1046 (17.9)
10–15 years 4802 (82.1)

Enrolment site
Hawella Tula 2306 (39.4)

Wondo Gennet 3542 (60.6)

Types of infection (n = 1484)

Non-infected 419 (28.2)
Schistosomiasis only 211 (14.2)

STH only 552 (37.2)
Schistosomiasis + STH 302 (20.4)

Stunting status Normal 5228 (89.4)
Stunted 620 (10.6)

Wasting status Normal 5391 (92.2)
Wasted 457 (7.8)

Type of food eaten Pre MDA.
Carbohydrate 5753 (98.4)

Fatty meal 50 (0.9)
Protein 45 (0.8)

Pre MDA-Events
Yes 129 (2.2)
No 5719 (97.2)

STH = soil transmitted helminths; MDA = mass drug administration.

 

Figure 2. Cumulative incidence of AEs and stratified by days of follow-up.

3.3. Types of MDA-Associated Adverse Events

The most common MDA-associated AEs reported were headache 30.2% (n = 358),
abdominal pain 28.1% (n = 334), vomiting 9.8% (n = 116), dizziness 7.8 % (n = 92), and
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nausea 7.5% (n = 89). The proportion of the adverse events over the seven days of the
follow-up stratified by their type of AE is presented in Figure 3. On day one of the follow-
up, abdominal pain, at 32.1% (233), was the most reported AE, followed by a headache at
29.5% (n = 214). On the contrary, on day 2–7 of the follow-up period, a headache was the
most reported AE, with a proportion of 30.3% (n = 148), followed by abdominal pain, with
a proportion of 22.5% (n = 110).

 
Figure 3. Proportions of AEs stratified by type of AEs.

3.4. Adverse Events by S. mansoni and STH Infection Status

Among the 1484 prescreened participants, 1065 (71.8%) were positive at least for one
parasite; out of which, 512 (34.5%) were infected with intestinal schistosomiasis, and 853
(57.5%) were infected with STH. Children infected with at least one type of parasite were
more likely to develop MDA-associated adverse events than the non-infected children
(15.9% versus 8.4%) (p < 0.001). The cumulative incidence of the MDA-associated AEs
stratified by the parasite infection status is presented in Figure 1. The cumulative incidence
of AEs was significantly influenced by the parasite infection status (p < 0.001, χ2 = 15.0), with
the occurrence of AEs being higher in S. mansoni-(17.0%) and STH (14.1%)-infected children
than in non-infected children (8.4%). Abdominal pain with an incidence of 35.2% versus
5.5% was the most common AE reported, followed by a headache at 15.2% versus 3.6%,
and vomiting at 6.7% versus 2.1% among infected and non-infected children, respectively.
The types of AEs stratified by infection status are presented in Figure 4.

3.5. Severity Grading of Adverse Events

Out of the total 1187 MDA-associated AEs reported by 780 participants, 85.8% (n = 1019)
were mild in their severity grading, followed by moderate at 12.4% (n = 147), and partici-
pants with severe AEs were only at an occurrence of 1.8% (n = 21). Most of the AEs were
transient and resolved within 2–3 days after the drug administration. No serious AE that
required hospitalization (Grade 4) was reported. The summary of the severity grading for
each type of AEs is presented in Table 2.
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Figure 4. Proportions of AEs among the prescreened participants stratified by S. mansoni or STH
infection status.

Table 2. Severity grading of AEs after mass praziquantel and albendazole administration.

Types of Adverse
Events

Cumulative Severity Grading

Number Incidence Mild (N/%)
Moderate

(N/%)
Severe (N/%)

Headache 358 6.1 319 (89.1) 35 (9.8) 4 (1.1)

Abdominal pain 334 5.7 294 (88.0) 36 (0.8) 4 (1.2)

Vomiting 116 2.0 88 (75.9) 24 (20.7) 4 (3.4)

Dizziness 92 1.6 80 (87.0) 11 (12.0) 1 (1.1)

Nausea 89 1.5 74 (83.1) 13 (14.6) 2 (2.2)

Fever 71 1.2 58 (81.7) 12 (16.9) 1 (1.4)

Confusion 30 0.5 27 (90.0) 3 (10.0) 0

Diarrhea 29 0.5 20 (69.0) 7 (24.1) 2 (6.9)

Itching 21 0.4 21 (100) 0 0

Drowsiness 13 0.2 13 (100) 0 0

Loss of appetite 10 0.2 5 (50.0) 4 (40.0) 1(10.0)

Rash 4 0.1 4 (100) 0 0

Difficulty Breathing 3 0.1 2 (66.7) 1 (33.3) 0

Cough 1 0 1 (100) 0 0

Other symptoms 16 0.3 13 (81.3) 1 (6.3) 2 (12.5) *

Total 1187 13.3 1019 (85.8) 147 (12.4) 21 (1.8)
* Other symptoms—tremor.

121



J. Clin. Med. 2022, 11, 6300

3.6. Factors Associated with MDA-Associated Adverse Events

The sex of the participants, their age group, their wasting status, and their parasite
infection status were independent significant factors associated with experiencing an AE
following the MDA. The cumulative incidence of AEs amongst female participants were
significantly higher than amongst male participants (p < 0.001). Participants in the age
group of 10–15 years old experienced more AEs than younger age participants (5–9 years
old) (p = 0.002). S. mansoni- or STH-infected children experienced significantly higher AEs
compared to non-infected participants (p < 0.001). Children infected with S. mansoni were
more likely to develop AEs than participants infected with STH (p < 0.001). The occurrence
of AEs was not associated with the stunting status or number of praziquantel tablets taken.
The cumulative incidence and factor associations with the MDA-associated adverse events
during the follow-up is presented in Table 3.

Table 3. Cumulative incidence AEs following mass praziquantel and albendazole administration and
associated factors.

Variables Category
Adverse Events

X2 p-Value
No (N/%) Yes (N/%)

Total 5068 (86.7) 780 (13.3)

Sex
Male 2622 (88.7) 334 (11.3)

21.5 <0.001Female 2446 (84.6) 446 (15.4)

Age group 5–9 years 938 (89.7) 108 (10.3)
10.0 0.00210–15 years 4130 (86.0) 672 (14.0)

Stunting Normal 4530 (86.6) 698 (13.4)
0.008 0.93Stunted 538 (86.8) 82 (13.2)

Wasting Normal 4653 (86.3) 738 (13.7)
7.4 0.007Wasted 415 (90.8) 42 (9.2)

Enrolment district
Hawella Tula 1961 (85.0) 345 (15.0)

8.7 0.003WondoGennet 3107 (87.7) 435 (12.3)

Infection status
(S.mansoni or STH)

Infected 896 (84.1) 169 (16.0)
14.3 <0.001Non-infected 384 (91.6) 35 (8.4)

Infection types

Non infected 384 (91.6) 35 (8.4)

24.5 <0.001

Schistosomiasis
only 163 (77.3) 48 (22.7)

STH only 470 (85.1) 82 (14.9)
Schistosomiasis +

STH 263 (87.1) 39 (12.9)

Number of praziquantel
tablet taken

<3 tablets 2416 (87.1) 357 (12.9)
1 0.32≥3 tablets 2652 (86.2) 423 (13.8)

STH = Soil-transmitted helminth.

3.7. Predictors of Adverse Events

To identify the factors predicting the occurrence of at least one type of MDA-associated
AE, we conducted univariate followed by multivariate log binomial regression analysis.
The sex of the participants, their age category, their enrolment site, their wasting status, and
their infection types were significant predictors for developing at least one post-MDA AE
in the univariate analysis. In the multivariate analysis, their sex, age category, and infection
type remained significant predictors of AEs following the MDA; the female sex, participants
in the age category of 10–15 years, and participants infected with schistosomiasis had the
highest risk of developing AEs post-MDA (Table 4).
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Table 4. Predictors of AEs following mass praziquantel and albendazole administration for school
children.

Variables Category
Univariate Analysis Multivariate Analysis

cRR 95% CI p-Value aRR 95% CI p-Value

Sex
Male 1

Female 1.4 1.2–1.6 <0.001 1.3 1.0–1.7 0.04

Age group
5–9 years 1

10–15 years 1.4 1.1–1.6 0.002 1.5 1.0–2.1 0.04

Stunting (HAZ)
Normal 1

Stunted 1.0 0.8–1.2 0.93

Wasting (BAZ)
Normal 1

Wasted 0.7 0.5–0.9 0.008 1.3 0.8–2.1 0.3

Type of meal eaten before MDA.

Carbohydrate 1

Fatty meal 1.2 0.6–2.2 0.6

Protein 0.8 0.4–1.9 0.7

S.mansoniand/or STH Infection
Non-Infected 1

Infected 1.8 1.3–2.6 <0.001

Type of Infection

Negatives

SM only 2.6 1.8–3.9 <0.001 2.5 1.7–3.7 <0.001

SM + STH 1.5 0.97–2.3 0.07 1.5 1.2–2.5 0.005

STH only 1.7 1.2–2.5 0.003 1.7 0.98–2.3 0.057

Number of praziquanltel tablets
<3 tablets

≥3 tablets 1.1 0.9–1.6 0.32

Due to the co-linearity of S.monsoni and/or STH infection and type of infection, the variable S.monsoni and/or
STH Infection was not included in the adjusted model. cRR = crude relative risk, aRR = adjusted relative
risk, CI = confidence interval. STH = soil transmitted helminths; MDA = mass drug administration; HAZ =
height-for-age z- scores; BAZ = BMI-for-age z-scores.

4. Discussion

A school-based mass praziquantel and albendazole preventive chemotherapy to all
at-risk populations without a prior diagnosis has been implemented in schistosomiasis
and STH endemic countries for many years. Although safety monitoring in MDA pro-
grams is recommended, it is not practiced, especially in SSA countries due to the limited
pharmacovigilance capacity. We conducted a large-scale active safety surveillance of AEs
following a mass praziquantel and albendazole administration in school children living
in high endemic districts of southern Ethiopia. Our study was well controlled to differen-
tiate the MDA-associated adverse events from any pre-existing clinical symptoms. Most
previous studies investigated treatment-associated AEs among infected children or MDA-
associated AEs in the general population. To investigate whether drug safety is influenced
by a helminth infection status, we prescreened one-fourth of the study participants for S.
mansoni and STH infection. To our knowledge, this is the first large sample size active safety
surveillance study to investigate the incidence, types, severity, and risk factors of MDA-
associated AEs following praziquantel and albendazole PC considering the participants’
helminth infection status.

The overall cumulative incidence of experiencing at least one type of MDA-associated
AE within a week of MDA exposure was 13.3%. The incidence of developing one, two, or
three or more types of AEs was 57.7%, 34.1%, and 8.2%, respectively. The most common AEs,
in descending order, were a headache, abdominal pain, vomiting, dizziness, and nausea.
The participants’ sex, age group, enrolment site, and infection type were significant factors
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associated with the occurrence of AEs following the mass praziquantel and albendazole
administration. Using a similar study design, a recent study from Rwanda reported that
one in five child who received a praziquantel and albendazole MDA reported at least
one type of MDA-associated AE [35]. The cumulative incidence of an MDA-associated
AE (13.3%) in our study was slightly lower than the report from Rwanda, which could
be due to variations in the prevalence of an STH or S. mansoni infection status of the
study participants [32,36]. Using various study designs, follow-up durations, and study
populations, incidences of AEs ranging from 8.6% to 83% were reported [21–23,37].

Most reported AEs were mild and moderate on the severity grading, transient, and
self-limiting, which resolved within 2–3 days of the drug administration. This indicates
that PC through a mass praziquantel and albendazole administration is safe and tolerable.
Although few severe adverse events were reported (1.8%), none of them required hospital-
ization and no serious outcome was recorded. Similar observations were reported from
other safety studies and meta-analyses [20,22,23,38,39]. Though few, the finding of severe
AEs in our study ascertains the importance of integrating active pharmacovigilance in the
routine MDA program.

The total number of AEs observed was 1187 from 780 study participants, indicating
that some participants experienced more than one type of AE. The occurrence of AEs
following the praziquantel and albendazole administration is associated with one’s age,
infection intensity, and nutritional status [20–22]. In our study, the most frequently reported
AEs were headaches, abdominal pain, vomiting, dizziness, and nausea, which is in line with
the previous findings [20,38]. Similar AEs were reported to the global pharmacovigilance
data base at the WHO-UMC through spontaneous reporting [40]. Most of these AEs are
similar to the signs and symptoms of a parasitic infection. However, to differentiate the true
AEs associated with the MDA from the parasite infection symptoms, before the MDA, the
study participants were interviewed to see if they had any pre-existing clinical symptoms
(pre-MDA event) and the participants who reported similar symptoms at the baseline and
at the post-MDA follow-up were excluded from the analysis.

The incidence of AEs was significantly higher among female participants compared to
male ones (15.4% versus 11.3%). Similar sex difference in the incidence of AEs was reported
in the previous studies [35,38,39]. Recent studies conducted on the safety of a MDA for the
control and elimination of lymphatic filariasis in east Africa also reported a difference in
the incidence of AEs across the sexes [41,42]. An adverse drug reaction (ADR) analysis of
half a century data from the global ADR database based on sex differences also reported
a higher proportion of ADR among females [43]. A similar finding was reported by the
national Pharmacovigilance Centre in the Netherlands from the analysis of their database
based on sex [44]. The higher incidence of AEs among females could be explained by their
physiologic difference, which may lead to differences in the activity of enzymes for the
drug metabolism, resulting in pharmacokinetics and pharmacodynamics deviations [45,46].
However, the sex-dependent pharmacokinetic and pharmacodynamic variations and its
role in the occurrence of AEs associated with praziquantel and albendazole MDA remains
to be investigated.

We observed a higher incidence of AEs among the older age groups (10–15 years),
which is in line with the reported findings from previous studies and meta-analyses [22].
Perhaps this can be explained by the higher dose of praziquantel taken by this age group,
as the drug was given based on height. A higher dose of praziquantel is associated with an
increased risk of AEs in the previously reported studies [35].

To investigate whether the incidence or type of AEs is influenced by a parasite infection,
one fourth of the study participants were pre-screened for S. mansoni and STH two weeks
prior to receiving the MDA. Interestingly, we found a significantly higher incidence of
MDA-associated AEs in children infected with S. mansoni and STH than non-infected
children. Although a treatment-associated AE is significantly influenced by infections
intensity among infected children [21], to our knowledge, ours is the first study to compare
the type and incidence of MDA-associated AEs between infected and non-infected children
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who received a praziquantel and albendazole MDA for PC. Praziquantel-associated AEs in
schistosomiasis-infected children may occur due to the drug effect or by the parasite itself.
Thus, the reported high AEs among the infected children could be due to dying parasites
resulting from the effect of the drugs on the parasites [47]. Further safety surveillance
studies which evaluate and compare the difference in the occurrence of AEs among infected
and non-infected groups is recommended for supporting the further risk benefit analysis
of PC among non-infected individuals, particularly in low endemic areas.

5. Conclusions

Preventive chemotherapy with a praziquantel and albendazole combination is gen-
erally safe and tolerated by school children. Most of the observed AEs were of a mild to
moderate grading and transient, resolving themselves within a week. Being female, older
age group (10–15 years), or having a helminth infection are significant independent risk
factors for the occurrence of AEs following a praziquantel and albendazole MDA. Though
few, the finding of severe AEs and the significantly increased risk of AEs among helminth-
infected children underscore the need for the integration of pharmacovigilance in MDA
campaigns, especially in high endemic areas for the timely detection and management of
AEs and to boost public confidence in the program.
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Abstract: In the current COVID-19 pandemic, patients diagnosed with multiple sclerosis (MS) are
considered to be one of the highest priority categories, being recognized as extremely vulnerable
people. For this reason, mRNA-based COVID-19 vaccines are strongly recommended for these
patients. Despite encouraging results on the efficacy and safety profile of mRNA-based COVID-19
vaccines, to date, in frail populations, including patients diagnosed with MS, this information is rather
limited. We carried out a retrospective observational study with the aim to evaluate the safety profile
of mRNA-based COVID-19 vaccines by retrieving real-life data of MS patients who were treated and
vaccinated at the Multiple Sclerosis Center of the Hospital A.O.R.N. A. Cardarelli. Three-hundred
and ten medical records of MS patients who received the first dose of the mRNA-based COVID-19
vaccine were retrieved (63% female; mean age: 45.9 years). Of these patients, 288 also received
the second dose. All patients received the Pfizer-BioNTech vaccine. Relapsing-Remitting Multiple
Sclerosis (RRSM) was the most common form of MS. The Expanded Disability Status Scale (EDSS)
values were <3.0 in 70% of patients. The majority of patients received a Disease Modifying Therapy
(DMT) during the study period, mainly interferon beta 1-a, dimethyl fumarate, and natalizumab and
fingolimod. Overall, 913 AEFIs were identified, of which 539 were after the first dose of the vaccine
and 374 after the second dose. The majority of these AEFIs were classified as short-term since they
occurred within the first 72 h. The most common identified adverse events were pain at injection site,
flu-like symptoms, and headache. Fever was reported more frequently after the second dose than
after the first dose. SARS-CoV-2 infection occurred in 3 patients after the first dose. Using historical
data of previous years (2017–2020), the relapses’ rate during 2021 was found to be lower. Lastly, the
results of the multivariable analysis that assessed factors associated with the occurrence of AEFIs
revealed a statistical significance for age, sex, and therapy with ocrelizumab (p < 0.05). In conclusion,
our results indicated that Pfizer-BioNTech vaccine was safe for MS patients, being associated with
AEFIs already detected in the general population. Larger observational studies with longer follow-up
and epidemiological studies are strongly needed.
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1. Introduction

Since the beginning of the COVID-19 outbreak, a range of repurposed drugs against
this new infection have been investigated with the aim to fight one of the largest inter-
national health emergencies [1–3]. Following the identification of the genetic sequence
of SARS-CoV-2, the virus responsible for COVID-19, an intense research program on po-
tential vaccines started worldwide. To date (November 2022), six vaccines have obtained
marketing approval from the European Medicines Agency (EMA), including two RNA vac-
cines (Pfizer-BioNTech and Moderna), two adenovirus vaccines (AstraZeneca and Janssen),
and one recombinant, adjuvanted vaccine (Novavax) and one inactivated, adjuvanted
(COVID-19 Vaccine Valneva). The Pfizer-BioNTech vaccine is a modified mRNA-based
vaccine that encodes a S protein of the virus. The RNA of this vaccine is produced by
in vitro transcription from the corresponding DNA that encodes a S protein of SARS-CoV-2,
which is responsible of the virus’ attachment to the host’s cells [4]. The Moderna vaccine
has similar characteristics. Both vaccines are given as two injections, usually into the muscle
of the upper arm, 3 and 4 weeks apart for the Pfizer and Moderna vaccine, respectively.
The efficacy of both vaccines was evaluated in thousands of people aged 16 and above who
had no sign of previous infection, resulting in an almost 95% reduction in the number of
symptomatic COVID-19 cases in people who received the vaccination [5,6]. Preliminary
data on their safety profile showed that adverse events following immunization (AEFIs)
with mRNA-based COVID-19 vaccines are generally mild and consist of injection site
reactions, headache, and asthenia [7].

According to the COVID-19 vaccination program of the Italian Ministry of Health,
patients diagnosed with multiple sclerosis (MS) are considered to be one of the highest
priority categories, being recognized as extremely vulnerable people. For this reason,
mRNA-based COVID-19 vaccines are strongly recommended for these patients [8]. MS is
an inflammatory-mediated demyelinating disease of the Central Nervous System caused
by an immune dysregulation associated with genetic and environmental factors, including
Epstein–Barr virus infection and cigarette smoking [9,10]. Worldwide, almost 2.5 million
people are diagnosed with MS, mainly women aged 20–40 years [11]. Despite encouraging
results on the efficacy and safety profile of mRNA-based COVID-19 vaccines, to date, in frail
populations, including patients diagnosed with MS, this information is rather limited [12].
In addition, as both vaccines received conditional marketing authorization, the companies
that market them must continue to provide results from the main clinical trials, which are
still ongoing. These results, together with those provided by any other clinical study, will
provide new data on the vaccine’s long-term safety and benefit in the general population,
including frail patients.

Based on these considerations, we carried out a retrospective observational study with
the aim to evaluate the safety profile of COVID-19 vaccines by retrieving real-life data of MS
patients who were treated and vaccinated at the Multiple Sclerosis Center of the Hospital
A.O.R.N. A. Cardarelli. Specifically, we aimed to evaluate the safety profile of mRNA-based
COVID-19 vaccines in MS patients, in terms of any AEFI occurring in the short- and long-
term after each dose of these vaccines; identify any possible correlations between AEFIs
and MS patients’ demographic characteristics, clinical status, and their disease modifying
therapies (DMTs); identify cases of relapses following mRNA-based COVID-19 vaccines
and compare relapses’ rate with those of previous years in the same population.

2. Methods

2.1. Study Design

This is a retrospective observational study carried out with data retrieved from medical
records of SM patients treated and vaccinated at the MS Centre of the Cardarelli Hospital
(Naples, South of Italy) for the period from March 2021 to September 2021 to assess the
safety of mRNA-based COVID-19 vaccines in this population.
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2.2. Demographic and Clinical Data Collection

The following data were retrieved: demographic data (MS diagnosis, age, gender);
mRNA-based COVID-19 vaccine (date of vaccination, type of vaccine, vaccine batch);
medical and clinical history, DMTs; all AEFIs that occurred after vaccination, in terms of
number, time of occurrence and type (where available); patients’ general clinical course.

2.3. AEFIs Data Collection

According to the European and Italian rules on the management of ICSRs [13,14],
when an AEFI likely associated with the COVID-19 vaccine was identified from the medical
records, the suspected reporting form established by the Italian Medicine Agency (AIFA)
was filled in, if not previously performed. Then, the suspected reporting form was sent to
the qualified person responsible for pharmacovigilance who recorded the ADR report into
the Italian spontaneous reporting database (RNF).

We carried out a descriptive analysis of all identified AEFIs in terms of time of oc-
currence and Preferred term (PT), with a focus on MS relapses. Regarding the time of
occurrence, AEFIs were classified as short-term when they occurred within 72 h the first
and second dose of the vaccine and as long-term when they occurred within 20 days the
first and second dose of the vaccine.

2.4. Statistical Analysis

Categorial variables were described as frequency and percentage, while continuous
variables were reported by their median and mean. For the evaluation of the relapse
rate following the vaccine, we retrieved historical data of previous years (from March to
September during years 2017–2020) referred to the same population. This comparison was
made in order to detect any differences with previous years’ relapses considering the effects
deriving both from the social distancing measures adopted across Italian territory and the
immunization with the mRNA-based COVID-19 vaccine. We used a multivariable model
(multiple logistic regression) to check for a difference of total AEFIs that occurred both after
the first and the second doses, adjusted for age, sex, disease duration, Expanded Disability
Status Scale (EDSS) and DMTs. Beta coefficients were calculated in order to compare the
strength of the effect of each individual independent variable to the dependent variable.
The EDSS is a method of quantifying disability in MS patients and monitoring changes in
the level of disability over time.

2.5. Ethics

According to the Italian law, the retrospective study was notified to the Ethic Commit-
tee of A.O.R.N. A. Cardarelli/Santobono-Pausilipon. No written informed consent was
necessary for the study conduction based on its retrospective nature.

3. Results

We retrieved 310 MS patients (63% female; mean age: 45.9 years) who received the first
dose of the mRNA-based COVID-19 vaccine. Of these patients, 288 also received the second
dose. All patients received the Pfizer-BioNTech vaccine. Relapsing-Remitting Multiple
Sclerosis (RRSM) was the most common form of MS, which was identified in almost 87% of
patients (n = 270), while almost 10% of patients were diagnosed with Secondary Progressive
Multiple Sclerosis (SPSM) and 2.6% with Primary Progressive Multiple Sclerosis (PPSM).
EDSS values were <3.0 in 70% of patients, equal to 3.5–5.5 in 22% of patients and ≥6.0 in 7%
of patients. Approximately 10% of patients had a previous COVID-19 infection before the
enrolment in our study (Table 1). The majority of retrieved patients (93.9%) were receiving
a DMT during the study period. In particular, those prescribed in more than 10% of patients
were interferon beta 1-a (19.7%), dimethyl fumarate (15.2%), and natalizumab (15.2%) and
fingolimod (11.3%).
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Table 1. Clinical and demographic variables of patients with multiple sclerosis who received
COVID-19 vaccination.

Study Cohort First Vaccine Dose Second Vaccine Dose

Total patients 310 288

Gender, n (%)
Female 195 (62.9) 179 (62.2)
Male 115 (37.1) 109 (37.8)

Mean age (years) 45.9 45.8
Disease duration, years

(mean) 11.8 11.6

Median (years) 10.1 10.0

MS type, n (%)
RRMS 270 (87.1) 251 (87.1)
SPMS 32 (10.3) 29 (10.1)
PPMS 8 (2.6) 8 (2.8)

Disability by EDSS, n (%)
≤3.0 219 (70.6) 209 (72.6)

3.5–5.5 69 (22.3) 59 (20.5)
≥6.0 22 (7.1) 20 (6.9)

SARS-CoV-2 infection before
vaccination, n (%) 34 (10.7) 19 (6.6)

DMTs, n (%)
Interferon Beta 1-a 61 (19.7) 55 (19.2)
Glatiramer acetate 20 (6.5) 19 (6.7)

Teriflunomide 28 (9.0) 26 (9.0)
Dimethyl fumarate 47 (15.2) 45 (15.6)

Fingolimod 35 (11.3) 35 (12.1)
Natalizumab 47 (15.2) 43 (14.9)

Cladribine 17 (5.5) 12 (4.2)
Ocrelizumab 23 (7.4) 22 (7.7)

Interferon Beta 1-b 7 (2.3) 7 (2.4)
Azathioprine 1 (0.3) 1 (0.3)
Methotrexate 3 (0.9) 3 (1.0)

Rituximab 2 (0.6) 2 (0.7)
Untreated 19 (6.1) 18 (6.2)

RRMS: Relapsing Remitting Multiple Sclerosis; SPMS: Secondary Progressive Multiple Sclerosis; PPMS: Primary
Progressive Multiple Sclerosis; EDSS: Expanded Disability Status Scale; DMTs: Disease Modifying Therapies.

Overall, 913 AEFIs were identified during the study period, of which 539 were after
the first dose of the vaccine and 374 after the second dose. The majority of these AEFIs
were classified as short-term since they occurred within the first 72 h (86.5% short-term vs.
13.5% long-term). This trend was confirmed after the first and second doses (Table 2).

Table 2. Distribution of Adverse Events Following Immunization (AEFIs) by time of occurrence
(short- and long-term) and vaccine’s dose.

Total First Vaccine Dose Second Vaccine Dose

Study population 310 310 288
All AEFIs, n 913 539 374

Short-term AEFIs, n (%) 790 (86.5) 438 (81.3) 352 (94.1)
Long-term AEFIs, n (%) 123 (13.5) 101 (18.7) 22 (5.9)

The most common reported PTs were pain at injection site (n = 426; 46.7%), flu-like
symptoms (n = 165; 18.1%), and headache (n = 123; 13.5%). No substantial differences were
found in terms of PTs distribution by first and second dose (Figure 1). Fever was reported
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more frequently after the second dose than after the first dose. SARS-CoV-2 infection
occurred in 3 patients after the first dose.
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Figure 1. Distribution of Adverse Events Following Immunization (AEFIs) by Preferred Term (PT).

Regarding the relapse rate, a transient increase in MS symptoms following vaccination
(pseudo-relapse) was reported in 6 patients out of 310 (1.9%), of which 2 were after the
first dose (0.6% of vaccinated patients) and 4 after the second dose (1.4% of vaccinated
patients). During the study period (March 2021–September 2021), relapses were identified
in 5 patients, of which 3 were after first dose of the vaccine (0.9% of patients) and 2 after
the second dose (0.7% of patients).

Using historical data from previous years (2017–2020), the relapse rates were found to
be 6.1%, 6.1%, 7.4%, and 6.4%, respectively (Figure 2).

 

Figure 2. Trend of Relapses (%) during years 2017–2021 (periods considered: March–September).
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Lastly, the results of the multivariable analysis that assessed factors associated with
the occurrence of AEFIs revealed a statistical significance for age, sex, and therapy with
ocrelizumab (p < 0.05) (Table 3), suggesting that AEFIs were less common in young patients
(negative β coefficient = −0.02, p = 0.03), while they were more common in female patients
(positive β coefficient = 0.361, p = 0.03) and in patients who were receiving ocrelizumab
(positive β coefficient = 0.477, p = 0.022).

Table 3. Multivariable analysis assessing factors associated with Adverse Events Following Immu-
nization (AEFIs).

Variable Multivariable Analysis
Beta Coefficients (SE) p Value

EDSS −0.08 (0.08) 0.30
Disease duration 0.02 (0.01) 0.10

Age −0.02 (0.01) 0.03
Sex (female vs. male) 0.361 (0.09) <0.001

DMTs
No therapy Ref Ref

Interferon Beta 1-a 0.263 (0.185) 0.156
Interferon Beta 1-b −0.361 (0.367) 0.326
Glatiramer Acetate 0.071 (0.228) 0.756

Teriflunomide 0.118 (0.213) 0.579
Dimethyl fumarate 0.094 (0.193) 0.626

Natalizumab 0.068 (0.197) 0.730
Fingolimod 0.099 (0.202) 0.625

Ocrelizumab 0.477 (0.208) 0.022
Cladribine 0.101 (0.236) 0.669

Other treatment −0.171 (0.357) 0.631
EDSS: Expanded Disability Status Scale; DMT: Disease Modifying Therapies; SE: Standard Error.

4. Discussion

We carried out a study with the aim to evaluate the safety profile of mRNA-based
vaccine against COVID-19 in patients diagnosed with MS. Similar to any other medicine,
vaccines can be associated with the occurrence of adverse events. An AEFI is defined as
“any untoward medical occurrence which follows immunization and which does not necessarily have
a causal relationship with the usage of the vaccine” [15]. AEFIs also include those events associ-
ated with vaccination, patient anxiety-related responses, and product quality defect [16–18].
Currently, AEFIs associated with mRNA COVID-19 vaccines in real-life settings are con-
sistent with those already mentioned in the summary of product characteristics of these
vaccines. For both vaccines, the most reported AEFIs are injection site pain, fever, asthenia,
and muscle aches. Headache, paresthesia, dizziness, drowsiness, taste disturbances, nausea,
and abdominal pain have also been observed with both vaccines. These AEFIs are generally
not serious and resolve spontaneously. In line with our results, fever is reported more
frequently after the second dose. Events occur mostly on the same day as vaccination or
the day after [19].

We reported the results related to 310 MS patients who received the first dose of the
Pfizer-BioNTech mRNA-based vaccine and 288 who received the second dose of the same
vaccine. In our study, the mean age of patients was 45.9 years, and almost 63% were female.
RRSM was the most common form of MS, while the most commonly prescribed DMTs
were interferon, dimethyl fumarate, natalizumab, and fingolimod. These demographic
characteristics were expected. Indeed, as we previously reported [20,21], MS shows the
highest prevalence in the age group 35–64 years and with a well-known female predom-
inance (the prevalence ratio of MS of women to men is 2.3–3.5:1) [22,23]. With regard to
the most commonly prescribed DMTs, in our opinion the distribution in drugs’ utilization
could be related to the variegate population included in our study mainly in terms of age
and MS type.
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Other international research groups carried out clinical studies with the aim to evaluate
the safety profile of COVID-19 vaccines in MS patients. For instance, Lotan I et al. carried
out a survey among 425 MS patients with questions related to their general demographic
and disease-related characteristics and the safety profile of COVID-19 vaccines. Out of
the 425 patients, 262 completed the questionnaire, of which 239 had received the Pfizer-
BioNTech vaccine. Almost 56% of patients (n = 136) experienced AEFIs, while 15% of
them (n = 36) reported new or worsening neurological symptoms following the vaccination
(mainly sensory disturbances). In line with our results, AEFIs commonly occurred within
the first 24 h after vaccination and resolved within 3 days [24]. The safety profile of the
Pfizer-BioNTech vaccine was evaluated in another observational study that enrolled 555 MS
patients who received the first dose of the vaccine (of these, 435 received the second dose).
This study was carried out in one clinical Centre in Israel where all patients received the
Pfizer-BioNTech vaccine. In line with our findings, the PTs most commonly reported were
pain at the injection site, fatigue, and headache, while the rate of patients with relapse
was 2.1% and 1.6% following the first and second doses, respectively. The comparison of
these rates with those from previous years highlighted no differences, although the short
follow-up period could have resulted in lower relapse rates. As in our cohort, also in this
study, three cases of COVID-19 infection were identified after the first dose [25].

Compared with previous years, we found a reduced relapse rate among MS patients
who had received the vaccine during the study period [6 of 310 in 2021 (1.9%) vs. 19 of 310
in 2020 and 2019 (6.1%) vs. 23 of 310 in 2018 (7.4%) vs. 20 of 310 in 2017 (6.4%)]. In our
opinion, this finding could be the result of the social distancing measures imposed by the
Italian government to vulnerable patients, such as MS patients, which could have positively
affected the risk of infection in general, leading to a reduction in relapses too. Indeed,
the role of viral respiratory tract infections in increasing the risk of MS relapses [26–29] is
widely recognized, especially considering that following a viral infection the activation of
proinflammatory patterns, such as the host’s T-cells, proinflammatory cytokines, and tumor
necrosis factor (TNF)-α, increases the blood-brain barrier (BBB) permeability, allowing for
transmigration of those molecules and promoting central nervous system inflammation [30].
In this respect, Landi et al. carried out a survey among MS patients followed at the MS
center of Tor Vergata University hospital in Italy with the aim to explore adherence to
social distancing habits. The results revealed that patients demonstrated good adherence to
social distancing and use of protection equipment [31]. In addition, even though few cases
of MS relapses following COVID-19 vaccines could be found in the literature [32–35], as
recently reported by Di Filippo et al. [36], currently the evidence of a possible association
between these vaccines and MS activity is still debated. Indeed, although mRNA-based
COVID-19 vaccines might elicit a strong T and B cells response leading to the development
of autoimmune processes [37,38], since systemic infections, such as COVID-19, can worsen
MS, the vaccination can be able to reduce the risk of relapses by dropping the risk of
infections [25]. Thus, no confirmed association between the Pfizer/BioNTech vaccine and
the short-term risk of clinical reactivation in MS exists [36].

Finally, with regard to the results of the multivariable analysis, we found that AEFIs
following the mRNA-based COVID-19 vaccine were less common in young patients, while
they were more common in female patients and in patients who were receiving ocrelizumab.
Contrary to our findings, Achiron et al. found a mild increase in the rate of AEFIs in younger
patients and in those treated with immunomodulatory drugs [25]. With regard to the
results of statistical analysis reporting a female predominance, many studies highlighted
how differences in immunological, hormonal, and genetic mechanisms could explain
disparities between men and women in vaccines’ response (both in term of efficacy and
safety) [18,39,40], leading to higher rate of AEFIs in female patients [39]. Indeed, compared
with men, women typically develop higher antibody responses to vaccines, experiencing
more local and systemic adverse reactions [40].

With regard to the association with ocrelizumab, to our knowledge, no other studies
have evaluated the safety profile of mRNA vaccines in MS patients receiving this drug.
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As we recently reported [41], it is known that some DMTs might induce immunomodula-
tion through lymphocyte depletion, leading to different protective humoral and cellular
responses to COVID-19 vaccines. For instance, rituximab, ocrelizumab, and fingolimod
have been associated with changes in SARS-CoV-2 IgG antibody production in MS-treated
subjects [25,42,43]. In this respect, as reported by Zabalza et al., 2021, less than 20% of MS
patients treated with ocrelizumab generate an antibody response when naturally infected
by COVID-19 [44]. Further studies evaluating humoral and cellular immune response
to COVID-19 vaccines and their safety profiles among MS patients undergoing different
DMTs are strongly needed.

5. Strengths and Limitations

Our study has several limitations, including its retrospective and monocentric nature
and small sample size. Thus, our findings regarding the safety profile of the Pfizer-BioNTech
vaccine in MS patients should be considered exploratory since we can’t exclude the lack of
important clinical data which might have led to different conclusions.

Nevertheless, to our knowledge, this is the first Italian study carried out in a real-life
context among MS patients with the aim to evaluate the safety profile of mRNA-based
COVID-19 vaccines. Even though the study was carried out in a single clinical center, it
covers a population of approximately 800 MS patients. In addition, data collection and
analysis have been performed by a multidisciplinary team of neurologists, pharmacologists,
statisticians, and data managers. Lastly, using historical data from 2017 to 2020, we were
able to make a comparison in term of relapses’ rate and to provide possible explanations un-
derlying the lower relapses’ rate that we found during the period March–September 2021.

6. Conclusions

In conclusion, our results indicated that the Pfizer-BioNTech vaccine was safe for
MS patients, being associated with AEFIs already detected in the general population. In
addition, during the study period a reduced rate of MS relapse was found, which in our
opinion could be related to the preventing measures introduced by the Italian government.
The results of statistical analysis suggested that AEFIs might be more common in young
and female MS patients and in those treated with ocrelizumab. While a higher rate of
vaccine-induced AEFIs in young and female patients can be expected, no data are currently
available regarding the association with ocrelizumab treatment. Larger observational
studies with longer follow-up and epidemiological studies are strongly needed in order to
collect more data on the safety profile of COVID-19 vaccines in the frail population [45–47].
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Abstract: Medication adherence to controller inhalers was unknown in older Medicare patients with
chronic obstructive pulmonary disease (COPD) before and during the pandemic. This study evaluated
changes in medication adherence to controller medications and factors associated with high adherence.
This retrospective cohort study included older Medicare patients with COPD. The proportion of
days covered (PDC) reflected changes in medication adherence from January to July in 2019 and in
2020. Paired t-test evaluated changes in adherence. Logistic regression determined the association of
patient characteristics with high adherence (PDC ≥ 80%). Mean adherence decreased (p < 0.001) for
long-acting beta-agonists, long-acting muscarinic antagonists, and inhaled corticosteroids in 2020.
The percentage of patients with high adherence dropped from 74.4% to 58.1% (p < 0.001). The number
of controllers, having ≥3 albuterol fills, and a 90-day supply were associated with high adherence in
2019 and 2020 (p < 0.001). The COVID-19 pandemic may negatively impact medication adherence.
Patients with evidence of more severe diseases and a 90-day supply were more likely to adhere
to therapy. Healthcare professionals should prioritize prescribing 90-day supplies of medications
and monitor drug-related problems as components of pharmacovigilance to enhance adherence to
therapies and the desired clinical outcomes among patients with COPD.

Keywords: COPD; Medicare; medication adherence; COVID-19 pandemic; geriatric

1. Introduction

Chronic obstructive pulmonary disease (COPD) and other chronic lower respiratory
diseases were the sixth leading causes of death in 2020 [1]. These illnesses affected over
250 million people around the world, causing substantial burdens on healthcare systems [2].
Common comorbidities of COPD have included skeletal muscle dysfunction, cardiovascu-
lar disease, mental health disorders, and lung cancer [3–6].

Pharmacological therapies for patients with COPD include short-acting beta agonist(s)
(SABA), short-acting muscarinic antagonist(s) (SAMA), long-acting muscarinic antago-
nist(s) (LAMA), long-acting β2-agonist(s) (LABA), and inhaled corticosteroid(s) (ICS) [7].
Adherence to guideline-directed medical therapy (GDMT) for COPD may improve clinical
outcomes and reduce all-cause and respiratory-specific emergency department visits and
hospitalizations [8,9].

Patient-specific factors, including mental health diagnoses (particularly depression),
lower health literacy, medication-related problems, and lower sociodemographic status,
have been associated with decreased medication adherence, increased readmission rates for
acute COPD exacerbations, and poorer health outcomes [10,11]. Older adults are vulnerable
to medication-related problems, and services such as comprehensive medication reviews
need to be provided to improve adherence [12].
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The COVID-19 pandemic limited access to healthcare for COPD patients [13]. Kah-
nert et al. found a deterioration of clinical status in the COPD population during the
pandemic [14]. The GOLD Science Committee also emphasized that the COVID-19 pan-
demic had made COPD management challenges and urged actions to improve care for
patients with COPD during the pandemic [15].

Conflicting data exist on medication adherence among patients with COPD. Sev-
eral studies found increased medication adherence in older patients with asthma and/or
COPD after the beginning of the pandemic [16,17]. However, Barrett et al. reported de-
creased prescription claims in COPD and asthma patients compared to the pre-pandemic
time [18]. Zhang et al. observed similar adherence during the pandemic compared to the
pre-pandemic period in the general COPD population [19]. Importantly, there are no data
on medication adherence in Medicare-enrolled older adults with COPD alone from the
COVID pandemic period.

The objectives of this study were to (1) examine medication adherence in older adults
with COPD, (2) determine the impact of the COVID-19 pandemic on medication prescribing
patterns and medication adherence in this population, and (3) evaluate the associations of
specific sociodemographic and patient characteristics with medication adherence in older
adults in the presence of the COVID-19 pandemic.

2. Materials and Methods

2.1. Study Design

This was a retrospective longitudinal cohort study of older Medicare patients with
COPD. Eligible patients were individuals enrolled in medication therapy management
(MTM) services, were diagnosed with COPD, and had at least two prescription claims for
the same controller medication in 2019. Patients with cystic fibrosis or asthma or <65 years
of age were excluded from this study. Medications included in this study were SABA,
LABAs, LAMAs, and ICSs. Biologic medications were not included given they are largely
covered under Medicare Part B; the MTM program did not have access to these data. The
institutional review board at the Ohio State University approved this study (22 September
2020; study ID: 2020H0393).

2.2. Data Sources

Data were obtained from the MTM provider with permission from the insurance
plan. These included the patient’s age, sex, zip code, international classification of disease,
tenth revision (ICD-10) codes, number of medications, number of prescribers, number of
pharmacies, prescription claims data, medication-related problems identified by electronic
review of prescription claims, and proportion of days covered (PDC) for inhalers for
this study.

Medication refill histories based on pharmacy claim data were used to measure patient
adherence to maintenance inhalers at a fixed time from 1 January to 31 July 2019, and 1
January to 31 July 2020. The proportion of days covered (PDC) was used to calculate a
patient’s adherence. The calculation for PDC equaled the number of covered days with a
targeted medication divided by the number of days in a period. The tracking period started
with the patient’s first fill during the observation period. If a PDC could not be calculated,
it was assumed that the patient had a PDC of 0%. Patients with a PDC below 80% were
considered non-adherent, and greater or equal to 80% were considered highly adherent.
Supplemental Table S1 shows a detailed list of medications assessed in this study.

2.3. Statistical Analysis

Microsoft Excel (Version 2209 Build 16.0.15629.20152) and IBM SPSS (version 28) were
used to organize and analyze data. Nominal data were described by counts and percentages.
Continuous data were presented by means and standard deviations (SDs). Age, prescribers,
pharmacies, inhalers, and corticosteroids were transformed into ordinary variables.
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Paired t-tests were used to assess differences in adherence to the same medication
between 2019 and 2020. The percentage of patients adherent to medications in each period
was reported and compared using McNemar’s test.

Exploratory logistic regression was used to identify potential predictors of medication
adherence in 2019 and 2020 separately. Variables used in this regression included age,
sex, number of prescriptions, number of rescue inhalers, number of medication-related
problems, the diagnosis of depression, number of pharmacies, number of prescribers,
number of oral corticosteroids, and having a 90-day medication supply. The analysis in the
regression for 2020 included a variable that reflected whether the patients were adherent to
the inhalers in 2019. Bonferroni corrections were used to provide a conservative p value
that would establish significance.

3. Results

A total of 1533 patients were included in this study. The mean patients’ age was
76.14 ± 6.74 years, with 59% being female. They had 6.24 ±3.38 prescribers, were prescribed
13.71 ± 4.70 medications, and went to 2.48 ± 1.46 pharmacies to fill their prescriptions
in 2019. In this cohort, 32.2% of patients received oral corticosteroids, and 16.9% had
depression. 77.9% of the patients needed more than one controller medication for COPD.
Detailed information can be found in Table 1.

Table 1. Descriptive data and results from logistic regression evaluating the association between
patient characteristics and adherence to controller inhalers in 2019 (N = 1533).

Characteristic Overall Cohort
With High
Adherence

With
Nonadherence

p Value B Value
Adjusted Odds
Ratio

N = 1533 N = 1141 N = 392
(95%
confidence
interval)

N (%) N (%) N (%)
Age, year 0.36
65–74 (reference) 644 (42.0) 484 (42.4) 160 (40.8)
75–84 656 (42.8) 496 (43.5) 160 (40.8) 0.81 0.03 1.04 (0.78–1.37)
≥85 233 (15.2) 161 (14.1) 72 (18.4) 0.23 −0.23 0.80 (0.55–1.15)
Sex
Male (reference) 629 (41.0) 466 (40.8) 163 (41.6)

Female 904 (59.0) 675 (59.2) 229 (58.4) 0.51 −0.09 0.509
(0.71–1.19)

Number of medications 0.31
8–10 (reference) 456 (29.7) 315 (27.6) 141 (36.0)
11–13 400 (26.1) 293 (25.7) 107 (27.3) 0.82 0.04 1.04 (0.75–1.44)
14–16 299 (19.5) 228 (20.0) 71 (18.1) 0.51 0.13 1.14 (0.78–1.65)
17–19 200 (13.0) 159 (13.9) 41 (10.5) 0.08 0.39 1.48 (0.95–2.31)
≥20 178 (11.6) 146 (12.8) 32 (8.2) 0.11 0.42 1.52 (0.91–2.53)
Number of medication-related problems 0.007
0 179 (11.7) 144 (12.6) 35 (8.9) 0.01 −0.64 1.90 (1.16–3.10)
1 288 (18.8) 232 (20.3) 56 (14.3) <0.001 −0.52 2.10 (1.38–3.18)
2 294 (19.2) 216 (18.9) 78 (19.9) 0.11 −0.49 1.37 (0.93–2.03)
3 220 (14.4) 161 (14.1) 59 (15.1) 0.47 −0.32 1.17 (0.77–1.77)
4 176 (11.5) 122 (10.7) 54 (13.8) 0.57 0.10 1.13 (0.74–1.75)
≥5 (reference) 376 (24.5) 266 (23.3) 110 (28.1)
Number of prescribers 0.66
1–5 (reference) 743 (48.5) 536 (47.0) 207 (52.8)

6–10 635 (41.4) 479 (42.0) 156 (39.8) 0.55 0.09 1.089
(0.82–1.44)
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Table 1. Cont.

Characteristic Overall Cohort
With High
Adherence

With
Nonadherence

p Value B Value
Adjusted Odds
Ratio

11–15 131 (8.5) 106 (9.3) 25 (6.4) 0.29 0.29 1.329
(0.78–2.26)

≥16 24 (1.6) 20 (1.8) 4 (1.0) 0.44 0.47 1.592
(0.49–5.21)

Number of pharmacies 0.92
1 (reference) 450 (29.4) 336 (29.4) 114 (29.1)
2 449 (29.3) 336 (29.4) 113 (28.8) 0.95 −0.01 0.99 (0.71–1.37)
3 322 (21.0) 244 (21.4) 78 (19.9) 0.63 0.09 1.10 (0.76–1.58)
≥4 312 (20.4) 225 (19.7) 87 (22.2) 0.82 −0.04 0.96 (0.66–1.39)
Depression
Yes 259 (16.9) 197 (17.3) 62 (15.8) 0.41 0.15
No (reference) 1274 (83.1) 944 (82.7) 330 (84.2)
Number of controlled medication classes 0.001
1 (reference) 339 (22.1) 228 (20.0) 111 (28.3)
2 598 (39.0) 380 (33.3) 218 (55.6) 0.15 −0.22 0.81 (0.60–1.09)
3 480 (31.3) 423 (37.1) 57 (14.5) <0.001 1.06 2.89 (1.99–4.21)

≥4 116 (7.6) 110 (9.6) 6 (1.5) <0.001 1.86 6.44
(2.68–15.46)

Number of oral corticosteroid fills 0.53
0 (reference) 1040 (67.8) 767 (67.2) 273 (69.6)
1 264 (17.2) 194 (17.0) 71 (18.1) 0.35 −0.16 0.85 (0.61–1.20)
2 98 (6.4) 72 (6.3) 26 (6.6) 0.35 −0.25 0.78 (0.46–1.31)
≥3 131 (8.5) 108 (9.5) 22 (5.6) 0.54 0.17 1.18 (0.69–2.03)
Number of albuterol inhalers
≤2 (reference) 647 (42.2) 414 (36.3) 233 (59.4)
≥3 886 (57.8) 727 (63.7) 159 (40.6) <0.001 0.81 2.25 (1.74–2.91)
90-day supply of inhalers
No (reference) 1088 (71.0) 759 (66.5) 329 (83.9)
Yes 445 (29.0) 382 (33.5) 63 (16.1) <0.001 0.95 2.57 (1.88–3.53)

Note. Bonferroni-adjusted p value = 0.0045.

About two-thirds of patients were highly adherent to their inhalers (LAMA [69.0%],
LABA [66.8%], and ICS (65.9%]) in 2019. In the first several months of the pandemic,
the average adherence rate to LABA [50.1%] and ICS [48.5%] decreased, and LAMA
[69.1%] adherence did not change (Figure 1). Mean PDC for controller inhalers decreased
significantly in 2020 compared with 2019(LABA, 83.52 ± 20.09 vs. 58.36 ± 40.82; LAMA,
84.25 ± 19.88 vs. 59.76 ± 41.91; ICS 82.99 ± 20.47 vs. 56.60 ± 41.15 (all p values <
0.001) (Figure 2). The proportion of patients with an ICS-LABA, and a LABA-LAMA
combination inhaler decreased; however, the proportion of patients having an ICS-LABA-
LAMA combination inhaler decreased (Figure 3).

Figure 1. Proportion of individuals with high adherence to their controllers. Abbreviations: LABA,
long-acting β2-agonists; LAMA, long-acting muscarinic antagonists; ICS, inhaled corticosteroid.
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Figure 2. Mean proportion of days covered for controller inhalers. Abbreviations: LABA, long-acting
β2-agonists; LAMA, long-acting muscarinic antagonists; ICS, inhaled corticosteroid.

Figure 3. Proportion of patients with at least 1 combination inhaler. Abbreviations: LABA, long-acting
β2-agonists; LAMA, long-acting muscarinic antagonists; ICS, inhaled corticosteroid.

The percentage of patients adhering to their treatment dropped from 74.4% in 2019
to 58.1% in 2020, with p < 0.001. The percentage of patients who received ICS and LABA
decreased from 68% to 59%. However, the number of patients who used the combination
of ICS, LABA, and LAMA increased from 71 to 91. The number of patients receiving oral
corticosteroids decreased from 493 (32.2%) in 2019 to 414 (25.7%) in 2020.

In the regression model of 2019, the full model containing all predictors was statistically
significant, X2 (27, N = 1533) =240.19, p < 0.001. The model as a whole explained between
14.5% (Cox and Snell R square) and 21.4% (Nagelkerke R squared) of the variance in sleep
status, and correctly classified 77.3% of cases; variables that were associated with high
adherence for controller inhalers were the number of maintenance inhalers (p < 0.001),
having ≥3 albuterol inhalers (odds ratio [OR], 2.25; 95% confidence interval [CI], 1.74–2.91;
p < 0.001), and a 90-day supply of controller medications (OR, 2.57; 95% CI, 1.88–3.53;
p < 0.001). Patients with ≥3 controller medication classes had 2.89 to 6.44 times the odds of
being adherent to COPD controller medications compared with patients with 1 controller
(p < 0.001). A complete list of nonsignificant variables appears in Table 1.

In 2020, the full model containing all predictors was statistically significant, X2 (28,
N = 1533) = 182.45, p < 0.001. The model as a whole explained between 14.3% (Cox and
Snell R square) and 21.3% (Nagelkerke R squared) of the variance in sleep status, and
correctly classified 77.5% of cases. Variables related to high adherence to inhalers included
the number of controller classes (p < 0.001), having ≥3 albuterol medication (OR, 2.44;
95% CI, 1.73–3.46; p < 0.001), a 90-day supply of controllers (OR, 3.06; 95% CI, 2.34–4.00;
p < 0.001), and being adherent to controller medications in 2019 (OR, 2.24; 95% CI, 1.63–3.08;
p < 0.001). A complete list of nonsignificant variables is provided in Table 2.
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Table 2. Results from logistic regression evaluating the association between patient characteristics
and adherence to controller medications in 2020 (N = 1533).

Characteristic Overall
Cohort

With High
Adherence

With Non-
Adherence

p Value B Value Adjusted
Odds
Ratio

N = 1533 N = 891
(58.1)

N = 642
(42.9)

(95%
confidence
interval)

N (%) N (%) N (%)
Age, year 0.88
65–74
(reference)

644 (42.0) 371 (41.6) 273 (42.5)

75–84 656 (42.8) 401 (45.0) 255 (39.7) 0.77 0.05 1.05
(0.76–1.45)

≥85 233 (15.2) 119 (13.4) 114 (17.8) 0.79 −0.1 0.94
(0.61–1.46)

Sex
Male
(reference)

629 (41.0) 367 (41.2) 262 (40.8)

Female 904 (59.0) 524 (58.8) 380 (59.2) 0.25 0.18 1.19
(0.88–1.62)

Number of medications 0.47
8–10
(reference)

456 (29.7) 250 (28.1) 206 (32.1)

11–13 400 (26.1) 235 (26.4) 165 (25.7) 0.56 0.12 1.12
(0.76–1.66)

14–16 299 (19.5) 181 (20.3) 118 (18.4) 0.83 −0.05 0.95
(0.62–1.47)

17–19 200 (13.0) 113 (12.7) 87 (13.6) 0.20 −0.32 0.72
(0.44–1.18)

≥20 178 (11.6) 112 (12.6) 66 (10.3) 0.62 0.14 1.15
(0.66–2.01)

Number of medication-related problems 0.03
0 179 (11.7) 117 (13.1) 62 (9.7) 0.50 −0.20 1.22

(0.68–2.21)
1 288 (18.8) 181 (20.3) 107 (16.7) 0.35 0.21 0.80

(0.50–1.28)
2 294 (19.2) 154 (17.3) 140 (21.8) 0.08 −0.52 0.66

(0.41–1.05)
3 220 (14.4) 123 (13.8) 97 (15.1) 0.19 −0.62 0.73

(0.45–1.18)
4 176 (11.5) 104 (11.7) 72 (11.2) 0.14 −0.42 1.51

(0.87–2.63)
≥5 (reference) 376 (24.5) 212 (23.8) 164 (25.5)
Number of prescribers 0.13
1–5 (reference) 874 (57.0) 475 (53.3) 399 (62.1)
6–10 544 (35.5) 335 (37.6) 209 (32.6) 0.80 −0.04 0.96

(0.70–1.32)
11–15 98 (6.4) 72 (8.1) 26 (4.0) 0.61 0.17 1.18

(0.63–2.22)
≥16 17 (1.1) 9 (1.0) 8 (1.2) 0.02 −1.35 0.26

(0.08–0.83)
Number of pharmacies 0.08
1 (reference) 450 (29.4) 254 (28.5) 196 (30.5)
2 449 (29.3) 271 (30.4) 178 (27.7) 0.05 0.38 1.46

(1.00–2.14)
3 322 (21.0) 180 (20.2) 142 (22.1) 0.87 0.03 1.03

(0.69–1.55)

144



J. Clin. Med. 2022, 11, 6985

Table 2. Cont.

Characteristic Overall
Cohort

With High
Adherence

With Non-
Adherence

p Value B Value Adjusted
Odds
Ratio

≥4 312 (20.4) 186 (20.9) 126 (19.6) 0.05 0.44 1.56
(1.01–2.41)

Depression
Yes 259 (16.9) 152 (17.1) 107 (16.7) 0.38 0.19 1.21

(0.79–1.85)
No (reference) 1274 (83.1) 739 (82.9) 535 (83.3)
Number of controlled medication classes <0.001
0–1 (reference) 595 (38.8) 175 (19.6) 420 (65.4)
2 432 (28.2) 272 (30.5) 160 (24.9) 0.18 −0.25 0.78 (0.54

-1.12)
3 397 (25.9) 340 (38.2) 57 (8.9) <0.001 0.82 2.28

(1.50–3.47)
≥4 109 (7.1) 104 (11.7) 5 (0.8) <0.001 1.88 6.55 (2.47–

17.35)
Number of oral corticosteroids fills 0.57
0 (reference) 1139 (74.3) 641 (71.9) 498 (77.6)
1 187 (12.2) 115 (12.9) 72 (11.2) 0.21 −0.29 0.75

(0.48–1.18)
2 85 (5.5) 55 (6.2) 30 (4.7) 0.60 0.20 1.22

(0.59–2.51)
≥3 122 (8.0) 80 (9.0) 42 (6.5) 0.91 −0.03 0.97

(0.56–1.68)
Number of albuterol inhalers
<3 (reference) 729 (47.6) 324 (36.4) 405 (63.1)
≥3 804 (52.4) 567 (63.6) 237 (36.9) 0.01 0.39 1.48

(1.09–1.99)
90-day supply of inhalers
No (reference) 1025 (66.9) 509 (57.1) 516 (80.4)
Yes 508 (33.1) 382 (42.9) 126 (19.6) <0.001 0.89 2.44

(1.73–3.46)
High adherence to any inhalers in 2019
No (reference) 392 (25.6) 155 (17.4) 237 (36.9)
Yes 1141 (74.4) 736 (82.6) 405 (63.1) <0.001 0.81 2.24

(1.63–3.08)
Note. Bonferroni-adjusted p value = 0.0042.

4. Discussion

This was the first study to measure medication adherence and its changes during
the COVID-19 pandemic compared to a pre-pandemic period using data from Medicare-
enrolled, MTM-eligible older patients with COPD. We found a remarkable reduction in
medication adherence to controller inhalers for COPD in the first several months of 2020.
Significant indicators of adherence were patients receiving a 90-day supply of controller
inhalers, ≥3 rescue inhalers, and the number of maintenance inhalers. Our findings
suggested that access to medications and healthcare may have been disturbed in the
pandemic’s first few months given the observed decreases in medication claims.

Our data demonstrated that the percentage of patients adhering to maintenance
controllers was suboptimal in 2019 and 2020. The proportion of patients who had high
adherence, as measured by PDC, ranged from 65.9% to 69.0% in 2019 and 48.5% to 69.1%
in 2020. Nishi et al. also used the PDC to measure the adherence to LABAs, LAMAs,
and ICSs in Medicare-enrolled older patients with COPD from 2008 to 2013, and found
that mean adherence to maintenance medication was about 55% [20]. Moreover, another
study discovered that 69.8% of existing diagnosed and 84.4% of new COPD patients were
non-adherent to maintenance therapy, which was defined as PDC < 80%, using Medicare
real-world data from 2007 to 2014 [21]. In general, adherence to maintenance medication
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was still suboptimal in Medicare-enrolled MTM-eligible older adults with COPD before
and during the COVID-19 pandemic. It is important to recognize barriers to adherence, and
additional measures must be taken to improve medication adherence, especially during an
event such as a pandemic.

This study importantly discovered that patients with a 90-day supply were more likely
to be considered adherent. During the pandemic, access to medications may have been im-
peded in older people with chronic conditions [22]. Ismail et al. observed that about 20% of
patients with chronic diseases had trouble obtaining medications during the pandemic [23].
It was assumed that patients who made regular visits to pharmacies to obtain refills were
also at an increased risk of exposure to infections [24]. Vordenberg et al. reported that over
one-half of older adults continued to go to the pharmacy for medicines despite the risk of
infection [25]. A 90-day supply of medications would reduce the frequency of visits to the
pharmacy and the risk of exposure to the virus. Several studies have reported that patients
with a 90-day supply were more adherent to medications compared to patients with a
non-90-day supply [26,27]. The Department of Health and Human Services also advocated
for a 90-day supply of medications during the pandemic [28]. Therefore, a 90-day supply of
medications should be prioritized to optimize the therapy during the pandemic in patients
with chronic diseases, including COPD.

It is observed in this cohort that patients with a higher number of controller medi-
cations were more likely to be adherent to their medications. This finding supported the
health belief model of behavior that patients’ knowledge and perceptions of the disease
and treatment were associated with good adherence [29]. Notably, patients adhering to
medications in 2019 were more likely to adhere to medications in 2020, suggesting that
evidence of previous medication adherence was an important predictor for adherence in
the future [30].

It was found that 57.8% of patients in 2019 and 52.4% in 2020 had ≥3 rescue fills,
possibly due to the patients being less active during the pandemic. This number may
indicate the overutilization of rescue inhalers to control symptoms related to COPD, with
implications of increased disease severity and high COPD burden [31,32]. Overuse of
SABA may cause bronchodilator tolerance and decrease the response to rescue beta-agonist
treatments [33]. Our study also discovered that oral corticosteroid fill claims decreased
during the first few months of 2020. It is also reported that the number of patients with
a moderate or severe exacerbation of COPD decreased during the pandemic [34], which
may be explained by the use of face masks and other social distancing policies during the
pandemic [35].

Older adults are more likely to experience medication-related problems due to polyphar-
macy and decreased liver and kidney functions [36], contributing to up to 30% of hospi-
talizations in the geriatric population [37]. In our study, we found patients with fewer
medication-related problems were more likely to have high adherence, even though the as-
sociation was weak. All patients included in this study were provided with MTM services,
as a component of pharmacovigilance efforts made by pharmacists to identify and mini-
mize medication nonadherence and maximize medication safety by detecting, assessing,
and resolving drug-related problems to achieve desired clinical outcomes [38].

5. Limitations

This study only included Medicare-enrolled–MTM-eligible patients from one insur-
ance company. Therefore, it may not represent the entire Medicare population. Further,
this study only examined prescription claims in the first seven months of 2020 and did
not capture the medication adherence changes during the entire pandemic period. Future
research needs to be conducted to observe adherence trends amid the pandemic. Lastly, the
status of the COVID-19 infection was not recorded in the system, and we were unable to
assess the effects of a COVID-19 infection on adherence. The authors were unable to deter-
mine if providers discontinued medication therapies and could not assess the influence of
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cash claims that were not processed by the insurance. The authors were unable to assess
historical trends of adherence prior to 2019 in this analysis.

6. Conclusions

The adherence to controller inhalers was suboptimal in Medicare–MTM-eligible older
adults with COPD. Our study demonstrated that the COVID-19 pandemic might have had
a negative impact on medication adherence during the initial months. Patients with signs
of severe disease as evidenced by the receipt of a greater number of albuterol inhalers and
more controller inhalers, and a 90-day supply, were more likely to adhere to the inhalers.
Healthcare professionals should prioritize prescribing 90-day supplies of medications
and monitor medication-related problems as components of pharmacovigilance efforts to
achieve high adherence and desired clinical outcomes for the optimal care of COPD patients.
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Abstract: This study describes the exposures and suspected intoxications in children (0–14 years)
managed by an Italian reference poison control center (PCC). A seven-year observational retrospective
study was performed on the medical records of the Toxicology Unit and PCC, Careggi University
Hospital, Florence (Italy). During the study period (2015–2021), a total of 27,212 phone call consulta-
tions were managed by the PCC, of which 11,996 (44%) involved subjects aged 0–14 years. Most cases
occurred in males (54%) aged 1–5 years (73.8%), mainly at home (97.4%), and with an oral route of
intoxication (93%). Cases mainly occurred involuntarily. Consultations were generally requested by
caregivers; however, in the age group 12–14 years, 70% were requested by healthcare professionals
due to voluntary intoxications. Cleaners (19.44%) and household products (10.90%) were the most
represented suspected agents. Pharmacological agents accounted for 28.80% of exposures. Covari-
ates associated with a higher risk of emergency department visit or hospitalization were voluntary
intoxication (OR 29.18 [11.76–72.38]), inhalation route (OR 1.87 [1.09–3.23]), and pharmacological
agents (OR 1.34 [1.23–1.46]), particularly central nervous system medications. Overall, consultations
do not burden national and regional healthcare facilities, revealing the activity of PCCs as having a
strategic role in reducing public health spending, even during the COVID-19 pandemic.

Keywords: clinical toxicology; intoxication; poison control centre; clinical practice; children; emergency
department; hospitalisation

1. Introduction

Acute pediatric intoxication is a common and preventable cause of morbidity and
mortality worldwide. Exposure to toxic substances can occur at all stages of the child’s
development and in different ways, depending on age, environmental factors, and the
characteristics of various toxic substances [1].

A study conducted by the Pediatric Emergency Research Networks Poisoning Working
Group, which included children younger than 18 years with acute poisonings presenting
to 105 emergency departments (EDs) in 20 countries (8 different global regions), showed
that 0.47% of pediatric ED admissions were due to intoxications, occurring at home for
the most part (80.6%) and with a bimodal peak age distribution [2]. According to the
38th annual report of the American Association of Poison Control Centers’ National Poison
Data System, during 2020, more than two million human exposure cases were reported, of
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which 41.7% involved children ≤5 years [3]. In this age class, the top five most common
exposures were cosmetics/personal care products (11.8%), household cleaning substances
(11.3%), analgesics (7.57%), foreign bodies/toys/miscellaneous (6.71%), and dietary supple-
ments/herbals/homeopathic (6.44%). Overall, the report showed that medical information
requests had shown a 32.6 fold increase, reflecting COVID-19 pandemic calls to poison
control centers (PCCs).

Data on large populations are relatively lacking in the literature, particularly in Eu-
rope; therefore, it is difficult to estimate the actual incidence of toxic exposure in children.
Recently, three retrospective studies on pediatric poisoning were published in Italy. A
six-year retrospective study by Berta et al. (2020) showed that 72.9% of cases of pediatric
acute intoxication occurred in children <5 years, 85% of intoxications were unintentional,
and non-pharmaceutical agents accounted for 59% of cases [4]. A three-year retrospective
study by Marano et al. (2021) on Pediatric Poison Control Centre registry data showed that
74.1% of cases involved children aged 1–5 years, 98.2% of intoxications were accidental,
and the causative agents were non-pharmaceutical products in 66.7% of cases [5].

In light of this, the aims of this study were to describe the demographics and clinical
characteristics of exposures and suspected pediatric (0–14 years) intoxications through the
analysis of data collected by an Italian reference PCC and to highlight the role of clinical
toxicologists in the early evaluation/management of suspected intoxication in this subset.

2. Materials and Methods

This study was performed on data retrieved during phone call consultations by the
Toxicology Unit and PCC of Careggi University Hospital, Florence (Italy), from 1 January
2015 to 31 December 2021. Data concerning exposures and probable or acute intoxications
from any causative agent in subjects aged 0–14 years, from private individuals or health
professionals, were included in the analysis.

For each phone call counselling (first contact), after obtaining the patient’s parents
or caregivers’ informed consent to participate in the study, trained clinical toxicologists
collected the following information: (1) patient’s demographic characteristics (age, sex);
(2) number and characteristics of suspected toxic agents; (3) the place of intoxication
occurrence (home, public closed places, open environment/outdoors); (4) description of
the event and its circumstances (accidental/involuntary exposure, voluntary intoxication,
secondary effect); (5) intoxication route; and (6) symptomatology.

Toxic agents were categorized as follows: pharmacological agents (classified according
to the anatomical therapeutic chemical (ATC) classification system); food toxins; animal
poisons; mushrooms; plant poisons; CO and other gases; non-pharmacological agents
(pesticides; cosmetics and personal hygiene products; substances of abuse; industrial
products; other chemical compounds; household products). Household products were
further classified into the following subgroups: detergents; hand-wash detergents; laundry
detergents; other cleaners; bleaches; caustics; glues; fertilizers; thermometer liquids; toys;
button batteries; silica gel; chlorine vapors; varnishes.

A toxicological evaluation was then performed, in order to calculate the poisoning
severity score (PSS) [6] (PSS score 0–NONE: no signs or symptoms related to exposure;
PSS score 1–MINOR: mild, transient symptoms with spontaneous resolution; PSS score
2–MODERATE: evident or prolonged symptoms; PSS score 3–SEVERE: severe or life-
threatening symptoms; PSS score 4–FATAL: death), and to define the plausibility of the in-
toxication. Intoxications were defined as “absent” (no intoxication), “doubtful”, “possible”,
and “confirmed”. Toxicologists could also judge the patient’s symptoms as “independent
from the intoxication”.

The phone call consultations were grouped according to the age of the patients
(<1 years old; 1–5 years old; 6–10 years old; 11–14 years old), and divided in two cohorts,
depending on whether the caller was a private individual or a healthcare professional.

The compilation, archiving of electronic folders, and data extrapolation were carried
out using the “ARCHICAV” electronic registry version 1.0. Data were described as numbers
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and percentages and compared using a Chi-squared test. Multivariate logistic regression
(crude and adjusted models) was performed to estimate the odds ratios (ORs) of ED visit
or hospitalization according to subjects’ demographic and clinical characteristics (sex,
age, number of toxic agents, circumstances, toxic agents, route of exposure) and the most
frequently reported pharmacological drug classes.

Statistical significance was considered with a p-value ≤ 0.05. Statistical analyses were
carried out using Stata 17 (StataCorp).

3. Results

During the study period (2015–2021 years), a total of 27,212 phone call consultations
were managed by our PCC, of which 11,996 (44.08%) involved subjects aged 0–14 years
(Table 1). The majority of exposures and suspected intoxications occurred in males (53.98%)
aged 1–5 years (N = 8854). Among all age groups, the most frequently reported route of
exposure was the oral route, involving 92.87% of subjects aged 0–11 months, 93.51% of
those aged 1–5 years, 87.04% of those aged 6–11 years, and 86.62% of those 12–14 years.
The majority of consultations were requested by caregivers; however, in the age group
12–14 years, 70.28% of consultations were requested by healthcare professionals. More than
90% of all exposures and suspected intoxications took place in a domestic environment,
through an involuntary means, with a mean time from exposure to consultation that ranged
from 2.76 to 6.13 h. Of interest, the majority of voluntary intoxications occurred in the age
group 12–14 years (23.14%). Overall, most subjects reported no symptoms at the moment
of phone call consultation, followed by those reporting gastrointestinal and neurological
symptoms. Among all consultations (N = 11,996), clinical toxicologists advised home
observation in 68.58% of case (N = 8228), ED visit in 8.81% (N = 1057), ED observation
in 15.04% (N = 1805), and hospitalization in 7.55% (N = 906). A total of 3358 (27.99%)
pediatric subjects needed a pharmacological treatment, in particular a symptomatic therapy
was prescribed in 22.09% (N = 2651), followed by decontamination in 5.06% (N = 607),
and antidotal therapy in 0.83% (N = 100). Notably, none of the exposures and suspected
intoxications resulted in the patient’s death.

As reported in Table 2, the majority of subjects were exposed to only one suspected
toxic agent (N = 11,833, 98.64%). Overall, the exposures and suspected intoxications
managed by our PCC regarded non-pharmacological toxic agents in 68.40% (N = 8206)
of cases. Among this subset, cleaners (19.44%) and other household products (10.90%),
toys (9.26%), cosmetics (8.15%), and plant poisons (7.18%) were the most represented
agents involved in the suspected intoxications. On the other hand, pharmacological agents
accounted for 28.80% (N = 3785) of the total suspected intoxications, involving analgesics
in 3.39% of cases, antibacterials for systemic use in 2.30%, NSAIDs and antirheumatic
products in 2.30%, and psycholeptics in 2.02%, and thyroid therapy in 1.63%. Another class
of suspected agents with therapeutic potential, i.e., products belonging to complementary
and alternative medicine (CAM), accounted for 2.71% (N = 326) of exposures and suspected
intoxications.
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Table 1. Demographic and clinical characteristics (N = 11,996).

Demographic and Clinical
Characteristics

0–11 Months
N = 1220 (%)

1–5 Years
N = 8854 (%)

6–11 Years
N = 1451 (%)

>12 Years
N = 471 (%)

p-Value

Sex
Male 633 (51.89) 4779 (53.98) 855 (58.92) 222 (47.13)

<0.001Female 587 (48.11) 4075 (46.02) 596 (41.08) 249 (52.87)
Route of exposure

Oral 1133 (92.87) 8279 (93.51) 1263 (87.04) 408 (86.62)

<0.001
Skin 15 (1.23) 220 (2.48) 64 (4.41) 24 (5.10)
Ocular 16 (1.31) 215 (2.43) 33 (2.27) 10 (2.12)
Inhalation 35 (2.87) 108 (1.22) 77 (5.31) 27 (5.73)
Other route of exposure 21 (1.72) 32 (0.36) 14 (0.96) 2 (0.42)

Qualification
Caregiver 768 (62.95) 5050 (57.04) 745 (51.34) 140 (29.72)

<0.001Healthcare professional 452 (37.05) 3804 (42.96) 706 (48.66) 331 (70.28)
Location of exposure

Home 1189 (97.46) 8656 (97.76) 1343 (92.56) 418 (88.75)
<0.001Others 31 (2.54) 198 (2.24) 108 (7.44) 53 (11.25)

Circumstances
Involuntary intoxication 1220 (100) 8854 (100) 1445 (99.59) 362 (76.86)

<0.001

Domestic exposure 980 8333 1198 287
Therapeutic error 231 511 242 74
Adverse reactions 9 10 5 1
Voluntary intoxications - - 6 (0.41) 109 (23.14)
Suicide attempt - - 6 94
Substance abuse - - - 15

Time from exposure
Mean ± SD (hours) 5.75 ± 40.66 2.76 ± 17.68 5.20 ± 19.58 6.13 ± 30.09 0.997
<30 min 621 (50.90) 4388 (49.56) 563 (38.80) 134 (28.45)

<0.001
30–60 min 204 (16.72) 1776 (20.06) 247 (17.02) 79 (16.77)
60 min–24 h 341 (27.95) 2447 (17.02) 555 (38.25) 232 (49.26)
≥24 h 54 (4.43) 243 (2.74) 86 (5.93) 26 (5.52)

Symptoms
Absent 1067 (87.46) 7494 (84.64) 1054 (72.64) 271 (57.54)

<0.001

Gastrointestinal 77 (6.31) 755 (8.53) 190 (13.90) 78 (16.56)
Neurologic 35 (2.87) 140 (1.58) 72 (4.96) 70 (14.86)
Cutaneous 12 (0.98) 159 (1.80) 67 (4.62) 24 (5.10)
Ocular 6 (0.49) 174 (1.97) 23 (1.59) 9 (1.91)
Respiratory 10 (0.82) 92 (1.04) 31 (2.14) 13 (2.76)
Cardiac 4 (0.33) 13 (0.15) 9 (0.62) 5 (1.06)
Other 9 (0.74) 27 (0.30) 5 (0.34) 1 (0.21)

Toxicologist advices
Observation at home 908 (74.43) 6165 (69.63) 967 (66.64) 188 (39.92)

<0.001
ED visit for outpatients 89 (7.30) 795 (8.98) 118 (8.13) 55 (11.68)
ED observation for inpatients 146 (11.97) 1318 (14.89) 224 (15.44) 117 (24.84)
Hospitalisation 77 (6.31) 576 (6.51) 142 (9.79) 111 (23.57)

Prescribed therapies
No 989 (81.07) 6433 (72.66) 997 (68.71) 219 (46.50)

<0.001
Yes 231 (18.93) 2421 (27.34) 454 (31.29) 252 (53.50)
Symptomatic therapies 190 1933 358 170
Decontamination 31 444 69 63
Antidotal therapies 10 44 27 19

ED: emergency department; SD: standard deviation.
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Table 2. Description of toxic agents according to age classes (N = 11,996).

0–11 Months
N = 1220 (%)

1–5 Years
N = 8854 (%)

6–11 Years
N = 1451 (%)

>12 Years
N = 471 (%)

Number of toxic agents
One 1211 (99.26) 8754 (98.87) 1434 (98.83) 434 (92.14)
More than one 9 (0.74) 100 (1.13) 17 (1.17) 37 (7.86)

Toxic agents
Non-pharmacological agents 854 (70.00) 6144 (69.39) 952 (65.61) 256 (54.35)

Cleaners 160 1947 171 55
Other household products 126 951 190 41
Toys 105 844 145 18
Cosmetics 90 817 52 19
Plant poisons 164 589 95 14
Pesticides 120 449 66 8
Foods 32 193 85 23
Caustics 12 219 49 16
Animal poisons 12 80 59 24
Substances of abuse 16 44 9 28
Carbon monoxide or other gasses 17 33 34 12

Pharmacological agents § 366 (30.00) 2707 (30.57) 499 (34.39) 213 (45.22)
Analgesics (ATC N02) 63 269 43 32
Antibacterials for systemic use (ATC J01) 30 182 49 15
NSAIDs and antirheumatic products (ATC M01) 8 209 38 22
Psycholeptics (ATC N05) 11 118 51 63
Thyroid therapy (ATC H03) 7 170 16 3
Psychoanaleptics (ATC N06) 9 98 37 24
Drugs for obstructive airway diseases (ATC R03) 13 120 17 0
Sex hormones and modulators of the genital

system (ATC G03)
0 116 11 1

Antihistamines for systemic use (ATC R06) 9 81 19 5
Agents acting on the renin–angiotensin system

(ATC C09)
5 98 6 7

Antiepileptics (ATC N03) 4 59 29 23
Nasal preparations (ATC R01) 19 66 9 2
Mineral supplements (ATC A12) 27 52 9 0
Cough and cold preparations (ATC R05) 4 61 11 4
Beta blocking agents (ATC C07) 2 57 5 6

Complementary and alternative medicine 36 (2.95) 238 (2.68) 44 (3.03) 8 (1.69)
Dietary supplements 25 144 32 2
Phytotherapy 9 56 7 4
Homeopathy 2 38 5 2

ATC: anatomical, therapeutic, chemical classification system; NSAIDs: non-steroidal anti-inflammatory drugs.
The distribution of variables was statistically different among age groups for the number of toxic agents and for
toxic agents’ description. § Only the first 15 most frequently reported pharmacological agents are depicted in
the table.

The multivariate logistic regression analysis showed that the risk of ED visit or hospi-
talization was lower for females (adjusted OR 0.88 [95% CI: 0.81–0.95]), and this increased
with age, ranging from 1.27 (1–5 years) to 2.52 (12–14 years) (Table 3). Furthermore, in the
adjusted models, the analysis showed that the exposure to more than one suspected agent
(OR 3.79 [95% CI: 2.65–5.42]), voluntary intoxication (OR 29.18 [95% CI: 11.76–72.38]), phar-
macological agents (OR 1.34 [95% CI: 1.23–1.46]), concomitant exposure to pharmacological
and non-pharmacological agents (OR 2.03 [95% CI: 0.20–20.13]), and inhalation as route of
exposure (OR 1.87 [95% CI: 1.09–3.23]) were the covariates associated with a higher risk of
ED visit or hospitalization.

154



J. Clin. Med. 2023, 12, 352

Table 3. Risk of ED visit or hospitalization according to demographic and clinical characteristics.

Crude Odds Ratio
(95% Confidence Interval)

Adjusted Odds Ratio
(95% Confidence Interval)

Sex
Male 1 1
Female 0.92 (0.86–1.00) 0.88 (0.81–0.95)
Age
0–11 months 1 1
1–5 years 1.27 (1.11–1.45) 1.27 (1.10–1.45)
6–11 years 1.46 (1.23–1.72) 1.35 (1.14–1.60)
>12 years 4.38 (3.50–5.48) 2.52 (1.97–3.22)
Number of toxic agents
One 1 1
More than one 5.53 (3.93–7.78) 3.79 (2.65–5.42)
Circumstances
Involuntary intoxication 1 1
Voluntary intoxications 51.31 (20.94–125.74) 29.18 (11.76–72.38)
Toxic agents
Non-pharmacological agents 1 1
Pharmacological agents 1.40 (1.29–1.52) 1.34 (1.23–1.46)
Pharmacological and non-pharmacological agents 9.76 (1.09–87.39) 2.03 (0.20–20.13)
Route of exposure
Other route of exposure 1 1
Oral 0.53 (0.33–0.86) 0.57 (0.35–0.93)
Skin 0.60 (0.35–1.01) 0.68 (0.40–1.16)
Ocular 0.91 (0.54–1.55) 1.07 (0.63–1.84)
Inhalation 1.74 (1.02–2.98) 1.87 (1.09–3.23)

Considering the suspected pharmacological agents (Table 4), the multivariate logistic
regression analysis showed that beta blocking agents (OR 10.99 [95% CI: 5.38–22.44]), psyc-
holeptics (OR 4.25 [95% CI: 3.13–5.78]), agents acting on the renin–angiotensin system (OR
4.13 [95% CI: 2.69–6.34]), psychoanaleptics (OR 3.68 [95% CI: 2.60–5.20]), and antiepileptics
(OR 2.08 [95% CI: 1.40–3.07]) were the classes associated with a higher risk of ED visit or
hospitalization observed in our cohort.

Table 4. Risk of ED visit or hospitalization according to the most frequently reported pharmacological
drug classes.

Crude Odds Ratio
(95% Confidence Interval)

Adjusted Odds Ratio
(95% Confidence Interval)

Analgesics (ATC N02) 1.07 (0.87–1.33) 1.05 (0.84–1.30)
NSAIDs and antirheumatics (ATC M01) 0.65 (0.49–0.86) 0.65 (0.49–0.86)
Antibacterials for systemic use (ATC J01) 0.41 (0.30–0.55) 0.37 (0.27–0.50)
Psycholeptics (ATC N05) 4.81 (3.56–6.50) 4.25 (3.13–5.78)
Thyroid therapy (ATC H03) 0.62 (0.45–0.86) 0.67 (0.48–0.93)
Psychoanaleptics (ATC N06) 3.88 (2.75–5.47) 3.68 (2.60–5.20)
Drugs for obstructive airway diseases (ATC R03) 0.44 (0.29–0.67) 0.46 (0.30–0.69)
Sex hormones (ATC G03) 0.42 (0.27–0.65) 0.45 (0.29–0.71)
Agents acting on the renin–angiotensin system (ATC C09) 3.85 (2.51–5.89) 4.13 (2.69–6.34)
Antiepileptics (ATC N03) 2.36 (1.61–3.47) 2.08 (1.40–3.07)
Antihistamines for systemic use (ATC R06) 1.92 (1.30–2.82) 1.92 (1.30–2.84)
Nasal preparations (ATC R01) 0.41 (0.24–0.69) 0.42 (0.25–0.71)
Mineral supplements (ATC A12) 0.82 (0.52–1.30) 0.89 (0.56–1.40)
Cough and cold preparations (ATC R05) 0.80 (0.50–1.30) 0.80 (0.49–1.29)
Beta blocking agents (ATC C07) 10.23 (5.02–20.84) 10.99 (5.38–22.44)

ATC: anatomical therapeutic chemical; NSAIDs: non-steroidal anti-inflammatory drugs.
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During the seven-year study period, a consistent number of phone call consultations
were observed, ranging from approximately 1600 to 1800 each year (Figure 1).

 

Figure 1. Distribution of calls, qualification and ED visits or hospitalizations during the study period
(years 2015–2021).

Considering the pharmacological drug classes involved in the exposures and sus-
pected intoxications in our cohort (Figure 2), a statistically significant risk of an ED visit
or hospitalization was observed for the following ATC classes: beta blocking agents (OR
10.23 [95% CI: 5.02–20.84]), psycholeptics (OR 4.81 [95% CI: 3.56–6.50]), psychoanaleptics
(OR 3.88 [95% CI: 2.75–5.47]), agents acting on the renin–angiotensin system (OR 3.85 [95%
CI: 2.51–5.89]), antiepileptics (OR 2.36 [95% CI: 1.61–3.47]), and antihistamines for systemic
use (OR 1.92 [95% CI: 1.30–2.82]).

Figure 2. Risk of ED visit or hospitalization according to the most frequently reported pharmacologi-
cal drug classes.
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Although there was no statistically significant difference, exposures and suspected
intoxications due to both pharmacological and non-pharmacological agents presented the
shortest mean time to clinical toxicology consultation (Table S1). Additionally, caregivers
consulted the PCC approximately one hour earlier than healthcare professionals.

Finally, the majority of phone call consultations requested by both caregivers (N = 6703)
and healthcare professionals (N = 5293) were due to exposures and suspected intoxications
associated with non-pharmacological agents (71.59% and 64.37%, respectively) (Table S2).

4. Discussion

Exposures and suspected intoxications in children are a frequent cause of ED visit
and hospitalization worldwide; however, there is a lack of information on this preventable
public health issue and on the associated potentially life-threatening clinical conditions,
particularly in frail subsets. The present epidemiological analysis from a reference PCC in
central Italy gives real-world insight into the main demographic, clinical, and pharmaco-
toxicological characteristics of intoxications in subjects aged 0–14 before and the during
COVID-19 pandemic. To date, this retrospective analysis is the only one conducted in Italy
on a representative sample of children over a study period of 7 years. It is relevant that
all consultations described here were handled exclusively by clinical toxicology special-
ists. Furthermore, this study represents the extended epidemiological investigation that
followed our preliminary study performed in the general population during the COVID-19
pandemic [7].

In the last two years, particularly in the context of COVID-19 pandemic, several
observational studies evaluating the impact of suspected exposures and intoxications in
children have been conducted.

Considering that real-world data about acute poisoning in Italian pediatric patients
are lacking, different clinical research groups have recently reported new insights on
this topic [4,5,8]. The majority of these observational investigations were conducted by
pediatricians or other healthcare professionals (i.e., anesthesiologists) working in a pediatric
ED, often equipped with a dedicated PCC. On the contrary, our analysis was performed
only on the clinical activity of a medical toxicology unit and PCC, where specialists in
clinical pharmacology and toxicology probably have the best expertise, in terms of the
management of exposures and suspected intoxications in the general population, including
children.

In 2020, Berta et al. performed a six-year retrospective evaluation of the Children’s
Emergency Department database at the Regina Margherita Hospital of Turin (Italy), where
1030 children under age 14 were accepted with a diagnosis of acute intoxication [4]. In their
study, similarly to what was observed in our analysis, the majority of patients were male,
with events occurring mostly in children aged 1–4 years, while 59% of patients were exposed
to non-pharmaceutical agents. Among these, household cleaning products were the more
frequently (49%) reported suspected agents. Regarding exposures to pharmaceuticals,
the most frequently involved agents were analgesics (20.8%), psychotropics (18.2%), and
cardiovascular (12.6%) drugs. Likewise, in our cohort, analgesics represented the main
pharmacological class involved in exposures and suspected intoxications in children, thus
indicating the need for additional monitoring of the appropriate use of these medications
in clinical practice, especially in the domestic environment. Furthermore, Berta et al. found
that 85% of intoxications occurred accidentally, 10.6% as therapeutic error, 2.3% as suicide
attempts, and 1.5% for recreational purposes. Additionally, in our sample, the majority of
cases were associated with an involuntary toxic exposure, underlining the need to both
better store potentially dangerous products, which should always be kept out of reach of
children, and to monitor them closely at home, especially with those aged 1–5.

Another study, published in 2021, aimed to describe the characteristics of a large
pediatric cohort exposed to xenobiotics, through the analysis of a pediatric PCC registry [5].
This study, conducted in the Pediatric Hospital Bambino Gesù of Rome (Italy), a reference
national pediatric hospital, collected data of children whose parents or caregivers contacted
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the pediatric PCC by phone or who presented to the ED, during a 3 year period (2014–2016).
The authors collected data of a total of 2686 children, exposed to both pharmaceutical and
non-pharmaceutical agents. Correspondingly to what we observed in our analysis, the
authors found that pharmaceutical agent exposure increased with age and that the most
common route of exposure was oral with gastrointestinal symptoms. Intentional exposure
(substance abuse and suicide attempt), was associated with older age and was comparable
to our results.

In 2022, Soave et al. identified risk factors associated with pediatric acute poisoning
and proposed prevention strategies for children admitted to ED [8]. They performed a
retrospective study in a tertiary care hospital, describing data of 436 children admitted for
acute poisoning. In this analysis, the age group 1–5 and male sex were the most represented,
with a higher frequency of unintentional poisoning and drug ingestion as the leading cause
of intoxication.

International differences in the epidemiology of acute poisonings in children may help
to improve prevention. In light of this, in 2019, the Pediatric Emergency Research Networks
(PERN) Poisoning Working Group sought to evaluate the international epidemiological
differences in acute poisonings in children presenting to EDs from different global regions,
including eight different Italian pediatric hospitals [2]. Mintegi et al. conducted this
international multicenter cross-sectional prospective study, including children younger than
18 years old with acute poisonings, presenting to a total of 105 EDs in 20 countries, and with
a mean follow-up of 1 year. During the study period, 363,245 pediatric ED presentations
were registered, of which 1727 were for poisoning, with a significant variation in incidence
between the regions. Most poisonings (80.6%) occurred at home with either ingestion
(89.0%) or inhalation (7.6%) as the route of exposure. Unintentional exposures accounted
for 68.5% of poisonings, with pharmaceuticals (42.7%), household products (26.8%), and
pesticides (5.1%) being the most common toxic agents. Furthermore, suicide attempts
accounted for 13.8% of total exposures, with pharmaceuticals, mainly psychotropics and
acetaminophen, being the most common suspected agents.

Overseas, Desai et al. characterized trends in clinically significant toxic exposures
and their management, performing a retrospective review of patients 18 years or younger
in the American College of Medical Toxicology’s Toxicology Investigators Consortium
(ToxIC) Registry, a self-reporting database completed by bedside consulting medical toxi-
cologists [9]. From 2010 to 2015, the authors analyzed 11,616 cases reported in their registry.
Unlike what has been observed in Europe, exposures were most commonly reported in fe-
males (57.8%) and adolescents (59.4%). Moreover, intentional ingestions (55.5%) comprised
the majority of cases. The most frequent agents of exposure were analgesics (21.0%), and
0.9% of cases resulted in death.

Of interest, the 38th Annual Report of the American Association of Poison Control
Centers’ (AAPCC) National Poison Data System (NPDS) [3] reported that children younger
than 3 years of age were involved in 30.3% of exposures and children ≤5 years accounted
for 41.7% of human exposures in 2020. A prevalence of males was found among cases
involving children ≤12 years, but this sex-based distribution was reversed in teenagers
and adults. Overall, unintentional exposures outnumbered intentional ones, including
children ≤5 years (57.14%). Moreover, the substance categories most frequently involved in
pediatric (≤5 years) exposures were cosmetics/personal care products (11.82%), household
products (11.30%), analgesics (7.57%), foreign bodies/toys (6.71%), and dietary supple-
ments/herbals/homeopathic products (6.44%). Although children ≤5 years were involved
in the majority of exposures, they comprised only 1.27% of fatalities.

From a pharmacological point of view, a result that should not be underestimated
regards drugs with action on the central nervous system (CNS). In fact, our study high-
lighted that most of the ATC classes involved in exposures and suspected intoxications
concerned drugs belonging to ATC class N (i.e., analgesics, psycholeptics, psychoanaleptics,
and antiepileptics). This is a clinically relevant issue, since several studies have indicated a
potential association between parental/caregiver CNS disorders and child mortality [10],
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particularly an increased risk of child poisoning, burns, and fractures before 5 years of
age [11,12]. Our findings, combined with those described by other authors, emphasize
the importance of specific interventions for parents/caregivers with CNS disorders. In
this context, the clinical pharmacologist and toxicologist operating in a PCC could have a
central role in communicating to parents/caregivers with CNS disorders the importance of
the proper storage and management of medicines, with the aim of minimizing the risk of
intoxication in children.

Considering the COVID-19 pandemic, for the three groups of substances that appear to
be associated with COVID-19 cases, human exposure cases had two peaks [3]: one around
31 March to 3 April associated with increased exposures to cleaning/disinfectant agents
(primarily bleaches), and one around July 15th, associated with a smaller peak in clean-
ing/disinfecting agents (primarily bleaches) and in hand sanitizer exposures. This trend
was confirmed by a previous publication by our research group, where a higher frequency
of suspected intoxications associated with both sanitizers/cleaners and bleaches was ob-
served between the two study periods of January–April 2019 and January–April 2020 [7].
Considering the pediatric subjects analyzed in our study, from 2015 to 2019, the number of
calls both from caregivers and healthcare professionals remained quite stable, as well as the
ED visits or hospitalizations requested by clinical toxicologists. On the contrary, during the
COVID-19 pandemic (first wave) experienced in 2020, an increase of calls from caregivers
was observed. Accordingly, the number of calls received by healthcare professionals and
the number of ED visits or hospitalizations requested by clinical toxicologists decreased,
probably due to the social restrictions imposed by the pandemic emergency.

Limitations and Strengths

The present study has several limitations. First of all, it is necessary to remember
that our analysis is a retrospective investigation, and for this reason, data collection might
be inaccurate, since some patients’ demographic and clinical variables were not always
available. Moreover, we do not have a global overview of exposures and suspected intoxi-
cations in children, since they only come to healthcare professionals’ attention if suspected
agents are perceived as dangerous by parents/caregivers. Thus, an underestimation of total
exposures and suspected intoxications could not be completely excluded. Additionally,
it is difficult to compare the different series, because some papers, both at a national or
international level, include patients up to 16 or 18 years of age. Although our data consider
exposures and suspected intoxications that mainly occurred in children in central Italy, this
study is not representative of Italy as a whole.

The major strength of our study relies on the fact that a large cohort of children aged
0–14 were evaluated over a relatively long follow-up period. In fact, this allowed us to
evaluate changing trends in consultations for exposures and suspected intoxications in
children before and during the COVID-19 pandemic in Italy. The utilization of a local
validated electronic database (ArchiCav), which includes all demographic and clinical
information of all the subjects who came into contact with our toxicology unit and PCC,
allowed us to perform a detailed and extensive epidemiological analysis. This approach,
as already demonstrated in our previously published analysis [7,13–16], could represent a
useful source of new scientific insights for clinical toxicologists into the management of
phone call consultations in the general population, particularly in children.

5. Conclusions

Despite exposures and suspected intoxications being a relevant problem in children
aged 0–14, our results confirmed the clinical characteristics of these potential life threaten-
ing occurrences, being comparable with those reported both at the Italian and international
level by other colleagues. Furthermore, our results highlighted the need for public health
authorities to program preventive interventions, which should involve the daily clini-
cal practice of all healthcare professionals, including general physicians and community
pharmacists.

159



J. Clin. Med. 2023, 12, 352

Of course, it is necessary to identify shared national best practices for prevention of
acute poisonings in childhood. Understanding which pediatric exposures and suspected in-
toxications require a clinical toxicologist management, the agents most frequently involved,
and the circumstances is paramount for providing education for parents/caregivers and
providers.

In the context of a venerable subset, such as the pediatric population, our results
showed the utility of the PCC counselling in avoiding unnecessary visits to the ED, which
is a relevant achievement, particularly in the time of COVID-19 pandemic, as well as the
value of specialized clinical toxicologists in managing serious exposures.
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Abstract: The present study examined the role of the perception of risks and benefits for the mother
and her babies in deciding about the COVID-19 vaccination. In this cross-sectional study, five hy-
potheses were tested using data from a convenience sample of Italian pregnant and/or breastfeeding
women (N = 1104, July–September 2021). A logistic regression model estimated the influence of
the predictors on the reported behavior, and a beta regression model was used to evaluate which
factors influenced the willingness to become vaccinated among unvaccinated women. The COVID-19
vaccination overall risks/benefits tradeoff was highly predictive of both behavior and intention.
Ceteris paribus, an increase in the perception of risks for the baby weighed more against vaccination
than a similar increase in the perception of risks for the mother. Additionally, pregnant women
resulted in being less likely (or willing) to be vaccinated in their status than breastfeeding women,
but they were equally accepting of vaccination if they were not pregnant. COVID-19 risk perception
predicted intention to become vaccinated, but not behavior. In conclusion, the overall risks/benefits
tradeoff is key in predicting vaccination behavior and intention, but the concerns for the baby weigh
more than those for the mother in the decision, shedding light on this previously neglected aspect.

Keywords: decision making; risk perception; risk/benefit tradeoff; COVID-19 vaccination; pregnancy;
breastfeeding; maternal vaccination

1. Introduction

While an individual’s vaccination involves a trade-off between risks and benefits for
the single individual, pregnant women have to consider the benefits and risks not only for
themselves, but also for the baby they are carrying. Additionally, breastfeeding women
have to consider the benefits and risks for themselves and their nursling. Comparing the
two groups may help reveal the similarities or differences of the decision process; indeed,
the risks for a nursling are usually smaller than those for the fetus, and, also, the potential
risks for the mother do not directly affect the baby [1].

The psychological literature suggests that risk perception plays an important role in
preventive behaviors, including immunization [2], and events or stimuli are often judged
based on the positive–negative feelings they evoke (affect heuristic [3]). Indeed, many
studies preceding the COVID-19 pandemic showed that being concerned about the risks for
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the baby is the most common barrier to vaccination during pregnancy [4–6], but, also, vice
versa, the desire to protect the baby is the most common facilitator [4,7,8]. When compared
directly, the concern for the safety of the vaccine for the baby is cited as a primary concern
more frequently (95%) than the safety for the mother (82%) [9]. A systematic review of
120 articles and a meta-analysis of 49 of them [10] showed that both the benefits for the baby
and those for the mother were similarly predictive of vaccine uptake, whereas the concern
for the risks for the baby (referred to as “risk of vaccine harm during pregnancy”) had a
stronger negative effect on vaccine uptake than the concern for the risks of side effects for
the mother [10]. However, it remains unclear how the interplay between perceived benefits
and risks for the mother and baby contributes to the decision to receive a vaccination
during pregnancy or lactation.

Several studies have examined the acceptability of COVID-19 vaccines in pregnant
and (to a lesser extent) in breastfeeding women, showing a high heterogeneity in vaccine ac-
ceptance and hesitancy in several countries and at different timing of the pandemic [11–13].
At the same time, most studies showed that the main reasons for vaccine hesitancy in
pregnant and breastfeeding women were similar to those expressed by the general popula-
tion. Specifically, they included concerns over safety and fear of adverse events and lack
of information or lack of recommendation from healthcare professionals [11–14]. These
reasons were amplified by the lack of safety data for pregnant women and also by concerns
about the possibility of harm to the fetus [15,16] and long-term adverse events in children,
including children of breastfeeding women [17]. Conversely, factors favoring the accep-
tance of the COVID-19 vaccination were: trust in the importance (i.e., knowing the risks
of the illness) and effectiveness of the COVID-19 vaccine and other vaccines and, more
generally, trust in health institutions [13]. However, no study has examined in details the
role of the perceived risks and benefits for the mother and for the baby.

The aim of the present study was to examine the role of the perception of risks and
benefits for the mother and her babies in deciding about the COVID-19 vaccination in
pregnant and breastfeeding women. Based on the literature, it was expected that:

H1: The mother’s status is predictive of COVID-19 vaccination self-reported behavior and intention:
pregnant women are less likely than breastfeeding women to have been vaccinated and to intend to
be vaccinated while in the current status.

Indeed, in earlier studies, vaccine hesitancy was higher in pregnant women than in
breastfeeding women [18,19], although later studies showed more mixed results and a high
heterogeneity [12]. Earlier on, pregnant women were less likely to accept a vaccine (52%
vs. 73%), they were more often concerned about possible harmful side effects for their
baby (66% vs. 28%), and they were more interested in safety and effectiveness data specific
for them (49% vs. 33%) than were mothers considering vaccinating their children [19].
Similarly, in a large study in six European countries, pregnant women were less likely to
accept a vaccine than breastfeeding women (62% vs. 69%) [18].

H2: Similarly to the general population, COVID-19 risk perception is predictive of COVID-19
vaccination self-reported behavior and intention: women who (a) are more worried about COVID-19
(b) perceive themselves as more likely to become infected, (c) perceived it as a severe disease, and (d)
are more concerned about variants, and they are more likely to be vaccinated or intending to become
vaccinated.

Indeed, COVID-19 risk perception has been repeatedly found to be a predictor of
vaccine acceptance in the general population [20–22] and also in pregnant women some
evidence suggests this link [13] although this seems more linked to an emotional level than
a cognitive level of risk perception as only a very weak positive correlation was found
between C19 knowledge and C19 vaccine acceptance [12].
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H3: The trade-off between the perceived risks and the perceived benefits of vaccination is predictive of
COVID-19 vaccination self-reported behavior and intention, regardless of the specific consideration
for mother and baby. When the benefits of vaccination clearly outweigh the risks, women are more
likely to be vaccinated or intend to be vaccinated than when the risks outweigh the benefits or they
are similar.

H4: The concerns for the baby are more important than those for the mother in predicting vaccination
behavior and intention. For the same value of trade-off between risks and benefits of vaccination,
as the risks for the baby increase, the likelihood that women have been vaccinated or intend to be
vaccinated decreases.

Both these predictions are based on the literature reviewed above about the role of
perceived benefits and risks, especially on the review and meta-analysis by Kilich and
colleagues [10].

H5: During pregnancy, the concerns for the baby weigh more than during breastfeeding in the
decision to become vaccinated.

This prediction stems from H1 and from considerations about the actual potential for
risks of adverse events for the fetus and the nursling.

2. Materials and Methods

2.1. Participants

Participants were recruited through social media posts, with a link to an online
questionnaire, and informed consent was obtained from all women involved in the study.
Data were collected nation-wide between late July and early September 2021. Inclusion
criteria were being pregnant, breastfeeding, or both. The study information sheet was
read by 1720 potential participants, and 1484 consented to participate. Of those, 52 (3.5%)
participants did not meet the inclusion criteria, 270 (18.2%) participants dropped out during
the survey, 50 (3.4%) were excluded because they were vaccinated before being pregnant or
before knowing they were pregnant, and eight (0.5%) were excluded because they provided
incoherent answers, leaving 1104 (77%) participants for the analyses. The final sample
consisted of 572 (52%) breastfeeding women and 532 (48%) pregnant women (of whom 34
were both pregnant and breastfeeding). The study was approved by the ethical committee
for psychological studies of the first authors’ university (protocol: 4220, approved 7 July
2021).

2.2. Procedure

Participants who consented to participate indicated whether they were pregnant and
whether they were breastfeeding. They were then asked personal information, including:
age, level of education (middle school, high school, university degree, higher degrees),
employment (employee, unemployed, freelancer), and whether they had other children (no,
one, two, or more). Pregnant women were asked to report their current pregnancy week.
Breastfeeding women were asked the age of the breastfed baby. The C19 Vaccine Status
was assessed by asking all women if they had received at least one dose of a COVID-19
vaccine (Yes, No) during pregnancy and/or during breastfeeding. Women who had not
yet been vaccinated were asked to indicate their willingness to become vaccinated (WTV),
i.e., how likely they were to become vaccinated against COVID-19 (from 0 = Not at all
likely to 100 = Extremely likely), with a vaccine recommended for their case. This question
was asked twice, once referring to their status at the time of the questionnaire and once
referring to their intention if they were not pregnant nor breastfeeding. Four questions
assessed the perception of benefits and risks for the mother and for the baby associated
with the mother’s COVID-19 vaccination (all measured on a scale from 1 = Completely
disagree to 5 = Completely agree). These four questions were combined in two indexes (see
also Figure S1):
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C19 Vaccination risks/bene f its overall ratio =
(risk f or baby + risk f or mother)

(bene f it f or baby + bene f it f or mother)
(1)

The index C19 Vaccination risks/benefits overall ratio (1) can range from a minimum of
0.2 (when risks are both judged to be equal to the minimum value of 1 and benefits are both
judged to be equal to the maximum value of 5) to a maximum of 5 (when risks are both
equal to 5 and benefits are both equal to 1). The index is equal to 1 when risks and benefits
are judged to be equal overall; values smaller than 1 indicate lower risks than the benefits,
whereas values bigger than 1 indicate that the risks are judged higher than the benefits.

C19 Vaccination baby/mother risk/bene f it ratio =

risk f or baby
bene f it f or baby
risk f or mother

bene f it f or mother

(2)

The index C19 Vaccination baby/mother risk/benefit ratio (2) can range from a minimum
of 0.04 (when the risk/benefit ratio for the baby is equal to the minimum of 0.2 and the
risk/benefit ratio for mother is equal to the maximum of 5), to a maximum of 25 (when
risk/benefit ratio for the baby has the highest possible value of 5 and that for the mother
the lowest possible value of 0.2). The index is equal to 1 when the two risks-benefits ratios
are judged to be equal; values lower than 1 indicate a lower risks-benefits ratio for the
baby than for the mother (e.g., when the benefits are perceived as equal, the risks for the
mother are higher than those for the baby), and values higher than 1 indicate the opposite
(risks–benefits ratio higher for the baby than for the mother).

Similarly to previous studies [20,23], COVID-19 risk perception was assessed by asking
participants to report their perceived severity of the disease, the perceived likelihood of
being infected, how scared they felt about the disease, and the concern for possible variants
(all measured on a scale from 0 = Not at all to 100 = Extremely). Participants were then
asked to complete the Pandemic Fatigue scale, assessing a general distress and sense of
fatigue related to the pandemic, indicating their degree of agreement (1 = Not at all; 7 = Very
much) with six items, such as “I feel challenged by following all of the rules and behavioral
rules regarding C19.” [24]. Further, participants completed a previously used ad hoc scale,
investigating the sense of conspiracy related to the COVID-19 context, indicating their
degree of agreement (1 = Not at all; 7 = Very much) with seven items, such as “The C19
virus was created in a laboratory” and “Vaccines against C19 can alter people’s DNA” [25].
Finally, participants were asked to answer an eight-item scale to assess the perception
of vaccines in general, indicating their agreement (1 = Not at all; to 5 = Very much) on
items such as “Vaccines are important to human health” and “Vaccines are produced and
recommended only for the economic interest of pharmaceutical companies” [26].

2.3. Statistical Analyses
2.3.1. Descriptive Analysis

The variables in the study were summarized by frequency, for categorical variables,
as well as median (and Inter Quartile Range, IQR) for continuous variables (see Table 1).
Wilcoxon rank sum tests were computed to compare variables on an ordinal Likert scale
or on continuous scores across mother status (pregnancy or breastfeeding), while, for
categorical variables, the Pearson chi-squared test was used. Statistical significance was
assumed at the 5% level. Tables S1–S4 provide additional descriptive analyses not reported
in the main article.
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Table 1. Main characteristics of the mothers by COVID-19 vaccine status.

Variable
Overall,

N = 1104 1

C19 Vaccine Status

p-Value 2
Not Vaccinated,

N = 592 1
Vaccinated,
N = 512 1

Age (years) 34.0 (31.0, 37.0) 34.0 (31.0, 37.0) 35.0 (32.0, 37.0) 0.012
Education <0.001

Middle school 25 (2.3%) 15 (2.5%) 10 (2.0%)
High school 318 (29%) 212 (36%) 106 (21%)
University degree 581 (53%) 289 (49%) 292 (57%)
Higher level degree 180 (16%) 76 (13%) 104 (20%)

Employment 0.516
Private or public employee 735 (67%) 392 (66%) 343 (67%)
Unemployed or Other 182 (16%) 104 (18%) 78 (15%)
Self-employed 187 (17%) 96 (16%) 91 (18%)

Other Children 0.238
No 476 (43%) 266 (45%) 210 (41%)
1 481 (44%) 244 (41%) 237 (46%)
2+ 147 (13%) 82 (14%) 65 (13%)

Mother Status <0.001
Breastfeeding 572 (52%) 188 (32%) 384 (75%)
Pregnacy 532 (48%) 404 (68%) 128 (25%)

C19 Risk Perception 0.19 (−0.58, 0.70) −0.19 (−1.09, 0.58) 0.41 (−0.02, 0.77) <0.001
Pandemic Fatigue 0.04 (−0.62, 0.64) 0.21 (−0.50 0.79) −0.18 (−0.68, 0.39) <0.001
Pro-vax Attitude 0.17 (−0.57, 0.74) −0.25 (−0.96, 0.47) 0.48 (0.01, 0.99) <0.001
C19 Conspiracy score −0.30 (−0.79, 0.66) 0.51 (−0.36, 1.26) −0.70 (−0.96, −0.32) <0.001

1 Median (IQR) or frequency (%). 2 Wilcoxon rank sum test; Pearson’s chi-squared test. Abbreviation: C19 for
COVID-19, vax for vaccination. Bold: statistically significant results.

2.3.2. Dimensionality Reduction—Factor Analyses

Four different factor analyses were performed for the Pandemic Fatigue scale [24], as
well as for the group of variables related to COVID-19 risk perception [20,23], COVID-19
conspiracy [25], and to vaccine perception in general [26]. For all the factor analyses, the
amount of variance explained by the one factor solution was acceptable (see Table S5).

2.3.3. Logistic and Beta Regressions

To estimate the influence of the perceived risks/benefits ratios (overall and baby/mother)
from COVID-19 vaccination on the probability to have received the vaccine against COVID-
19, a logistic regression model was employed, in which the dependent variable was the
COVID-19 Vaccine Status (0 = not yet received; 1 = received). Covariates (mother status,
vaccine perception, COVID-19 risk perception, COVID-19 conspiracy, and pandemic fa-
tigue) were included, minimizing the AIC index with a forward selection criteria. The
presence of interactions between covariates and risks/benefits ratio indices was tested
employing a Chi-squared test, fixing a significance level equal to 5%. The model included
the mother’s age (in continuous form), the educational level, the employment, and the
presence of other kids to adjust for non-probability sampling. The results are presented by
means of Odds Ratios (ORs) by exponentiating the estimated coefficients from the logistic
regression, calculating the relative 95% Confidence Interval (95%CI).

To evaluate which factors influenced the WTV among mothers who had not yet
received the vaccine, a beta regression model, which is commonly used to model variables
that assume values in the standard unit interval (0,1), was used. The WTV was divided
by 100, applying to the new scale correction [27] to have values strictly between 0 and 1,
extremes excluded. Two separate models were estimated, one for the WTV in the current
status and one for the WTV assuming not to be pregnant and/or in breastfeeding. For
these models, the same selection variables scheme adopted for the logistic regression
was considered. The results are presented using ORs by exponentiating the estimated
coefficients reporting the relative 95%CI.
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Regression analyses were performed by R 4.2 statistical software using the package
betareg for the beta regression model.

3. Results

3.1. Demographic

The main characteristics of the sample are reported in Table 1.
Mothers reported an average age of 34.2 years (min–max: 20–48 years), with a pre-

dominant high educational level (53% and 16% obtained a degree or a higher education,
respectively). The majority was employed as a private or public employee (67%) and had
no other child (44%) or one other child (43%). With respect to their mother status, pregnant
women were between six and forty-three weeks of gestation (average: 28.4, Standard
Deviation (SD): 9.21), while, for breastfeeding women, 25% of the lactated children were
below three months, 25% were between four and eight months, 25% were between nine
and fifteen months, and 5.3% were older than three years.

The distribution of the scores for the perceived risks and benefits for the baby and the
mother is depicted in Figure 1. All scores differed between vaccinated and unvaccinated
women (Table 2). Both overall and baby/mother risks/benefits ratios differed between
vaccinated and unvaccinated women and between pregnant and breastfeeding women
(Table 3).

Figure 1. Distribution of the scores of the perception of COVID-19 vaccination risks and benefits for the
baby and the mother, each assessed on a scale from 1 (=completely disagree) to 5 (=completely agree).

Table 2. COVID-19 vaccine perception of risks and benefits for the baby and the mother by COVID-19
vaccine status.

C19 Vaccine
Perception of

Overall,
N = 1104 1

C19 Vaccine Status

p-Value 2
Not Vaccinated,

N = 592
Vaccinated,
N = 512 1

Risks for baby 3 (2, 4) 4 (4, 5) 2 (1, 3) <0.001
Risks for mother 3 (2, 4) 4 (2, 4) 2 (1, 3) <0.001
Benefits for baby 4 (3, 5) 3 (3, 4) 5 (4, 5) <0.001
Benefits for mother 4 (3, 5) 4 (3, 4) 5 (5, 5) <0.001

1 Median (IQR) or frequency (%). 2 Wilcoxon rank sum test. Abbreviation: C19 for COVID-19. Bold: statistically
significant results.
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Table 3. C19 Vaccination risks/benefits ratio and COVID-19 vaccination baby/mother ratio by mother
status and COVID-19 vaccine status.

C19 Vax

Mother Status C19 Vaccine Status

Overall,
N = 1104 1

Breasfeeding,
N = 572 1

Pregnancy,
N = 532 1 p-Value 2 Not Vaccinated,

N = 592 1
Vaccinated,
N = 512 1 p-Value 2

Risks/benefits
ratio

0.75
(0.44, 1.17)

0.62
(0.40, 1.00)

0.89
(0.56, 1.33) <0.001 1.14

(0.80, 1.60)
0.44
(0.30, 0.67) <0.001

Baby/mother
ratio

1.00
(1.00, 2.00)

1.00
(0.83, 1.67)

1.25
(1.00, 2.00) <0.001 1.25

(1.00, 2.02)
1.00
(0.83, 1.33) <0.001

1 Median (IQR) or frequency (%). 2 Wilcoxon rank sum test. Abbreviation: C19 for COVID-19; vax for vaccination.
Bold: statistically significant results.

3.2. Logistic Regression Model

The factors associated with a reduction in the probability to be vaccinated (Table 4)
were: the current status, with pregnant women reporting a heavy reduction (−73%) in the
probability to be vaccinated relative to those breastfeeding (OR: 0.27, 95%CI: 0.10–0.76),
perceiving that, overall, the vaccination risks exceed the benefits (+1 point increase in the
risks/benefits overall index: OR: 0.19, 95%CI: 0.04–0.74), and having a higher COVID-19
conspiracy score (+1 point increase: OR: 0.36, 95%CI: 0.24–0.54). Whereas higher values
on the pandemic fatigue scale were associated with an increased probability to become
vaccinated (+1 point increase: OR: 1.44, 95%CI: 1.13–1.83).

Table 4. Odds ratios (ORs) estimated by a logistic regression model for the probability to be vaccinated
by the COVID-19 vaccine with respect to the reference category 1.

Predictors OR 95%CI p-Values

COVID-19 vax risks/benefits overall ratio 0.19 0.04–0.74 0.021
COVID-19 vax baby/mother risks/benefits ratio 1.52 0.81–2.90 0.193
Mother Status [Pregnancy] 0.27 0.10–0.76 0.012
Age (+1 years) 1.04 0.98–1.09 0.175
Education [High school] 0.89 0.23–3.15 0.858
Education [University Degree] 1.04 0.27–3.63 0.955
Education [High level degree] 1.10 0.27–4.21 0.891
Employment [Unemployed or Other] 1.14 0.64–2.03 0.666
Employment [Self-employed] 1.21 0.69–2.14 0.512
Other Children [1] 1.03 0.66–1.59 0.905
Other Children [2+] 0.81 0.42–1.55 0.513
COVID-19 Conspiracy score 2 0.36 0.24–0.54 <0.001

Pandemic Fatigue 2 1.44 1.13–1.83 0.003

COVID-19 vax risks/benefits ratio×Mother Status [Pregnancy] 0.20 0.05–0.82 0.029
COVID-19 vax risks/benefits ratio×COVID-19 vax baby/mother ratio 0.23 0.08–0.60 0.003
Observations 1104
R2 Tjur 0.636

1 Mother Status [Breastfeeding], Education [Middle School], Employment [Private or public employee], Other
Children [No]. 2 1-point increase. Abbreviation: C19 for COVID-19; vax for vaccination. Bold: statistically
significant results.

Although no marginal effect was found for the COVID-19 vaccination baby/mother
risks/benefits ratio, results showed a significant interaction between this index and COVID-
19 vaccination risks/benefits overall ratio, leading mothers who perceived a higher risks/
benefits ratio for their baby than for themselves to be more hesitant (OR: 0.23, 95%CI:
0.08–0.60; Figure 2, left panel). Further, COVID-19 vaccination risks/benefits overall ratio
also interacted with the mother status, accentuating the reduction in the likelihood of being
vaccinated among pregnant women (OR: 0.20, 95%CI: 0.05–0.82; Figure 2, right panel).
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Figure 2. Predicted probability and 95%CI to be vaccinated, considering the interaction between
mother status and COVID-19 vaccination risks/benefits ratio (left) and COVID-19 vaccination
risks/benefits ratio and COVID-19 vax baby/mother ratio (right).

3.3. Beta Regression Models

As shown in Table 5, the higher the risks/benefits overall ratio, the lower the WTV of
unvaccinated women, both at the time of the survey (+1 point increase: OR: 0.83, 95%CI:
0.73–0.94) and if they were not pregnant or breastfeeding (+1 point increase: OR: 0.79,
95%CI: 0.69–0.90). The risks/benefits baby/mother ratio decreased the WTV in the current
status (+1 point increase: OR: 0.87, 95%CI: 0.83–0.92), while it slightly increased if women
were neither pregnant nor breastfeeding (+1 point increase: OR: 1.05, 95%CI: 1.00–1.11).
Being pregnant decreased the WTV in the current status (+1 point increase: OR: 0.61, 95%CI:
0.49–0.76), whereas having a general attitude towards vaccination increased the WTV if
not pregnant or breastfeeding (+1 point increase: OR: 1.18, 95%CI: 1.02–1.36). C19 Risk
perception increased WTV in both models, respectively (+1 point increase: OR: 1.24, 95%CI:
1.20–1.39 for current status and OR: 1.43, 95%CI: 1.27–1.61 if not pregnant or breastfeeding);
to the contrary, COVID-19 conspiracy decreased the WTV in both models, respectively (OR:
0.57, 95%CI: 0.49–0.67 for current status and OR: 0.59, 95%CI: 0.49–0.71 if not pregnant or
breastfeeding).

Table 5. Odds Ratio, estimated by a beta regression model for the willingness to become vaccinated
in the current status and if not pregnant/breastfeeding, with respect to the reference category 1.

Predictors
WTV in Current Status WTV if Not Preg./Breast.

OR 95%CI p-Values OR 95%CI p-Values

COVID-19 vax risks/benefits ratio 0.83 0.73–0.94 0.003 0.79 0.69–0.90 <0.001
COVID-19 vax baby/mother ratio 0.87 0.83–0.92 <0.001 1.05 1.00–1.11 0.045
Mother Status [Pregnancy] 0.61 0.49–0.76 <0.001 NS - -
Age (+1 years) 0.99 0.96–1.01 0.234 0.98 0.95–1.00 0.075
Education [High school] 0.68 0.36–1.30 0.246 0.97 0.51–1.84 0.924
Education [University Degree] 0.74 0.39–1.41 0.362 0.86 0.45–1.64 0.643
Education [High level degree] 0.78 0.39–1.57 0.487 0.96 0.48–1.91 0.898
Employment [Unemployed or Other] 0.98 0.74–1.29 0.882 0.90 0.69–1.18 0.460
Employment [Self-employed] 0.84 0.63–1.11 0.223 0.89 0.67–1.17 0.401
Other Children [1] 1.03 0.82–1.29 0.804 0.94 0.75–1.16 0.548
Other Children [2+] 1.11 0.81–1.53 0.517 0.83 0.61–1.14 0.247
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Table 5. Cont.

Predictors
WTV in Current Status WTV if Not Preg./Breast.

OR 95%CI p-Values OR 95%CI p-Values

COVID-19 Risk Perception 2 1.24 1.10–1.39 <0.001 1.43 1.27–1.61 <0.001

COVID-19 Conspiracy score 2 0.57 0.49–0.67 <0.001 0.59 0.49–0.71 <0.001

Pro-vax Attitude 2 NS - - 1.18 1.02–1.36 0.026

Observations 592 592
R2 0.406 0.611

1 Mother Status [Breastfeeding], Education [Middle School], Employment [Private or public employee], Other
Children [No]. 2 1-point increase. Abbreviation: C19 for COVID-19; vax for vaccination. Bold: statistically
significant results.

4. Discussion

In a convenience sample of over a thousand women, this study examined the interplay
of perceived risks and benefits for the mother and the baby in deciding to become vaccinated
against C19 while pregnant or breastfeeding, confirming most of the hypotheses based on
the literature and highlighting some important relationships.

In the present sample, only about a quarter of pregnant women had received the
vaccine while pregnant, whereas about two thirds of breastfeeding women received it
while breastfeeding. In other words, pregnant women were less likely to be vaccinated
or to be willing to become vaccinated than breastfeeding women (supporting H1, in line
with [18,19]), but they were equally likely to intend to be vaccinated if they were not
pregnant, suggesting that their attitude is attributable to their current status. This result is
further supported by the finding that a general positive attitude towards immunization was
a positive predictor only when modeling the intention to become vaccinated if not pregnant
or breastfeeding. These findings suggest that the hesitancy shown by pregnant women in
our sample was highly context-specific and temporary. It remains to be ascertained whether
this type of hesitancy could still affect attitudes towards other vaccines and childhood
vaccines, which are often formed during pregnancy [28].

In line with the literature [2,20–22], findings also confirmed that COVID-19 risk percep-
tion plays a role in women’s WTV, with higher risk perception yielding a higher intention
to become vaccinated, both in the current status and if not pregnant or breastfeeding.
However, COVID-19 risk perception was not a predictor of actually being vaccinated at
the time of the survey, only partially supporting H2. A possible explanation is that, after
being vaccinated, women’s COVID-19 risk perception decreased, showing no predictive
value. In other words, if COVID-19 risk perception was measured before these women
were vaccinated, it is expected that it would predict the decision to become vaccinated. This
interpretation is supported by evidence showing that COVID-19 risk perception decreases
after being vaccinated [29].

The predictive power of the trade-off between perceived risks and benefits was con-
firmed in all three models, fully supporting H3. The higher the risks–benefits trade-off,
the lower the probability that women have been vaccinated against C19 while pregnant or
breastfeeding and, if not yet vaccinated, the lower their willingness to be vaccinated, both
at the time of the survey and if they were not pregnant or breastfeeding. This is in line with
the psychological literature on the affect heuristic [3], whereby people often heavily rely
on their feelings to make judgments and decisions, in this case on the perceived risks and
benefits of the vaccination.

The distinctive role of the risks–benefit ratio for the baby and for the mother also
emerged in the analyses, supporting H4. This finding is corroborated by the interaction
found in the logistic model: the higher the baby–mother ratio, the steeper the drop in
the probability of being vaccinated when the risks–benefits ratio increases (Figure 2, right
panel). For example, for women whose general risks–benefits trade-off is equal to 1, the
probability of being vaccinated against C19 is around 55–60% when the baby–mother
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ratio is also equal to 1. It lowers to around 35% when the baby–mother ratio is equal to
2 (i.e., when the risks–benefits trade-off for the baby is twice the risks–benefits trade-off
for the mother). Whereas it reaches about 70% when the baby–mother ratio is equal to 0.5
(i.e., when the risks–benefits trade-off for the mother is twice the risks–benefits trade-off
for the baby). This finding suggests that, all other things being equal, an increase in the
perception of risks for the baby weighed more against the decision to vaccinate than a
similar increase in the perception of risks for the mother, shedding light on this previously
neglected aspect [10].

Among unvaccinated women, the risks–benefits ratio for the baby and for the mother
had a direct effect on the intention to become vaccinated at the time of the survey: the higher
the baby–mother ratio, the lower the intention to become vaccinated while being pregnant
or breastfeeding (in line with H4). However, the opposite was found when modeling the
intention to become vaccinated if women were not pregnant or breastfeeding. Considering
that most unvaccinated women were pregnant, this result suggests that the relevance
of the risks for the baby in the decision decreases once a woman is no longer pregnant,
providing support for H5. Additionally, an interaction between the mother’s current status
and the risks–benefits trade-off was found: the level of risks–benefits ratio being equal,
breastfeeding women are more likely to be vaccinated than pregnant women, and the effect
of the risks–benefits ratio is stronger in breastfeeding women (Figure 2, left panel). For
example, when the benefits of the vaccination are judged to be two times greater than the
risks, on average, lactating women are around 85% likely to have been vaccinated, whereas
pregnant women are around 40% likely to have been vaccinated. When the benefits are
judged to be equal to the risks, the probability of breastfeeding women to be vaccinated is
around 40–45%, but, for pregnant women, it is around 5%. While not directly expected,
this is in line with H5, as, for a pregnant woman, the benefits have to outweigh the risks
more than for a breastfeeding woman to have decided to vaccinate.

Moreover, COVID-19 conspiracy was a consistent predictor in all models: the higher
the conspiracy score, the lower the probability that women were vaccinated and their
WTV now or if not pregnant/breastfeeding. This is not surprising, as conspiracy mentality
has been repeatedly associated with vaccine hesitancy in general [30,31] in the COVID-19
context [32,33] and also during pregnancy [34].

Finally, the level of pandemic fatigue (i.e., being tired of information about COVID-19
and of behavioral measures to counter it [24]) was positively associated with having been
vaccinated during pregnancy or breastfeeding, but not with WTV among unvaccinated
women. This seems to contrast with previous findings, showing that pandemic fatigue
is a strong predictor of non-adherence to health protective measures [24]. However, it is
possible that high pandemic fatigue leads to avoidance of information and to a reluctance
to adhere to behavioral measures, such as wearing masks, keeping distance, and washing
hands, but vaccination could be seen as a solution to the pandemic [35]; this would explain
why a positive association between pandemic fatigue and vaccine uptake was found.

This study has limitations that should be considered. While the sample recruited
was not representative of the population of pregnant and lactating women, the sample
reached was ample and varied, and the use of social media through which participants
were recruited has become even more widespread than in the past. Nonetheless, also due to
the drop-out of about 25% of participants during the questionnaire, the generalizability of
the findings should be taken cautiously and compared with other findings. However, in the
regression analyses, all the confounders (age, educational level, employment, and presence
of other children) were included to adjust the effect estimate. Finally, as the pandemic
is constantly evolving, and the recommendations for immunization against C19 during
pregnancy have changed since the study was conducted (when it was still recommended
to discuss with healthcare professionals the benefits and risks of C19 vaccination for each
pregnant or breastfeeding woman), it is important to consider the context when data were
collected when interpreting the findings.
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5. Conclusions

To summarize and conclude, the study focused on pregnant and breastfeeding women’s
decision making about COVID-19 vaccination, especially about the role of the perception
of risks and benefits for themselves and for their babies. The COVID-19 vaccination
risks/benefits tradeoff was highly predictive of behavior and intention. Ceteris paribus,
an increase in the perception of risks for the baby weighed more against the decision to
vaccinate than a similar increase in the perception of risks for the mother, shedding light
on this previously neglected aspect. When counseling pregnant and breastfeeding women
about vaccinations, it is important to be aware that their decision is likely based on the risks
and benefits tradeoff in general, but also that they are particularly worried about the baby
and may not fully appreciate the indirect benefits to the baby conveyed by the mother’s
vaccination. Indeed, it is also possible that women underappreciate the benefits for their
babies in vaccinating themselves, as being less likely to experience severe COVID-19 illness
also reduces the risks of negative events for the fetus (for pregnant women) and makes
them more available to care for their babies (for breastfeeding women). While pregnant
women’s hesitancy seems transient, it is important to foster decision-making, improving
women’s understanding and awareness of the risks and benefits for them and for their
babies and helping women to weighing them.
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Abstract: Since the beginning of the mass immunization of patients with multiple sclerosis (MS),
many data on the efficacy and safety of COVID-19 vaccines have been produced. Considering that
MS is an autoimmune disease and that some disease-modifying therapies (DMTs) could decrease
the antibody response against COVID-19 vaccines, we carried out this retrospective study with the
aim to evaluate the safety of these vaccines in terms of AEFI occurrence and the antibody response
after MS patients had received the third dose. Two hundred and ten patients (64.8% female; mean
age: 46 years) received the third dose of the mRNA-based COVID-19 vaccine and were included
in the study. Third doses were administered from October 2021 to January 2022. The majority of
patients (n = 193) were diagnosed with RRMS and EDSS values were ≤3.0 in 72.4% of them. DMTs
most commonly used by included patients were interferon Beta 1-a, dimethyl fumarate, natalizumab
and fingolimod. Overall, 160 patients (68.8% female) experienced 294 AEFIs, of which about 90%
were classified as short-term, while 9.2% were classified as long-term. The most commonly reported
following the booster dose were pain at the injection site, flu-like symptoms, headache, fever and
fatigue. Regarding the immune response, consistently with literature data, we found that patients
receiving ocrelizumab and fingolimod had lower IgG titer than patients receiving other DMTs.

Keywords: COVID-19; mRNA-based vaccine; safety; multiple sclerosis; AEFI; observational study;
three doses

1. Introduction

During the COVID-19 pandemic, recommendations from the Italian Ministry of Health
highlighted the need to take care with much more attention of the frail population, in-
cluding those suffering from chronic diseases, such as multiple sclerosis (MS), who were
recognized as extremely vulnerable people and consequently being part of the highest-
priority categories [1].

Thus, since the approval of COVID-19 vaccines and the beginning of the mass immu-
nization of MS patients, many data on the efficacy and safety of these vaccines in a real-life
context have been produced. In this context, our research group (composed of neurologists,
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pharmacologists, psychologists, data managers and statisticians) has been actively engaged
in the monitoring of MS patients who received flu and COVID-19 vaccines, documenting
the main features of patients receiving vaccines in the COVID-19 era and the efficacy and
safety profile of these vaccines [2–4]. In particular, in November 2022 we published the
results of the first retrospective study in which we analyzed the safety profile of the mRNA
COVID-19 vaccines in patients with MS vaccinated with the Pfizer-BioNTech vaccine at
the MS Center of the Hospital A.O.R.N. A. Cardarelli [5]. In this study, 310 MS patients
received the first dose and 288 the second dose. Patients were mainly diagnosed with
Relapsing-Remitting Multiple Sclerosis (RRSM) and the majority of them were receiving
a disease-modifying therapy (DMT) during the study period, mainly interferon beta 1-a,
dimethyl fumarate, natalizumab and fingolimod. More than nine hundred Adverse Events
Following Immunization (AEFIs) were identified, of which 539 were after the first dose
of the vaccine and 374 after the second dose. The majority of these AEFIs were classified
as short-term and were mainly represented by pain at injection site, flu-like symptoms
and headache.

After the publication of this study, many of the patients included received the third
dose of the vaccine, and for some of them the immunologic response was monitored in
terms of Anti-SARS-CoV-2 IgG value. Considering that MS is an autoimmune disease
whose pathology can be explained by an altered immune system [6], and that some DMTs,
especially CD20 depleting agents such as ocrelizumab and sphingosine-1-phosphate re-
ceptor modulator (S1PRM) such as fingolimod, seem to be able to decrease the antibody
response against COVID-19 vaccines [7], and given the collection of new data among our
MS patients, we carried out this retrospective study with the aim to evaluate the safety in
terms of AEFI occurrence and the antibody response after the third dose of COVID-19 vac-
cines in people with MS.

2. Methods

2.1. Study Design

This was a retrospective observational study carried out with the aim to assess the
safety profile of mRNA-based COVID-19 vaccines and the antibody response among
MS patients at the MS Centre of the Cardarelli Hospital (Naples). Third doses were
administered from October 2021 to January 2022.

2.2. Demographic and Clinical Data Collection

The following data were retrieved: demographic data (MS diagnosis, age, gender);
mRNA-based COVID-19 vaccine (date of vaccination, type of vaccine, vaccine batch);
medical and clinical history, DMTs, all AEFIs that occurred after vaccination, patients’
general clinical course, values of Anti-SARS-CoV-2 IgG (BAU/mL). The blood samples were
collected during the routine clinical practice at least two weeks after the third vaccine dose.

We carried out a descriptive analysis of all identified AEFIs in terms of time occurrence
and preferred term (PT). Regarding the time of occurrence, AEFIs were classified as short-
term when they occurred within 72 h of the first, second and booster dose of the vaccine
and as long-term when they occurred within 20 days of the first, second and booster dose
of the vaccine.

2.3. Statistical Analysis

Categorial variables were described as frequency and percentage, while continuous
variables were reported by their mean and standard deviation. Shapiro–Wilk test was
used to assess the normality of data distribution. In the case of not normal distribution, no
parametric test was applied.

For difference between DMTs in terms of SARS-humoral response, we used one-way
ANOVA with Gamess-Howell (no parametric post hoc test) for differences between groups.
p value less than 0.05 was considered significant.

176



J. Clin. Med. 2023, 12, 4236

2.4. Ethics

The retrospective study was reported to the Ethic Committee of A.O.R.N. A. Cardarelli/
Santobono-Pausilipon. No written informed consent was necessary for the study conduc-
tion based on its retrospective nature.

3. Results

3.1. Overall Safety Results

Clinical and demographic characteristics of enrolled patients are reported in Table 1.
We enrolled 210 MS patients (64.8% female; mean age: 46 years) who received the third
dose (booster dose) of the mRNA-based COVID-19 vaccine. As for previous doses [5],
all patients received the Pfizer-BioNTech vaccine. In addition, 91.9% of patients (n = 193)
were diagnosed with RRMS, 5.7% of patients (n = 12) with Secondary Progressive Multiple
Sclerosis (SPMS) and 1.9% (n = 4) with Primary Progressive Multiple Sclerosis (PPMS). The
mean disease duration was 11.5 years (data not shown). EDSS values were ≤3.0 in 72.4% of
patients, followed by equal 3.5–5.5 in 16.2% of patients, and ≥6.0 in 11.4% of patients. With
regard to DMTs, many patients (n = 36; 17.1%) were receiving interferon Beta 1-a, followed
by dimethyl fumarate (n = 34; 16.2%), natalizumab (n = 33; 15.7%) and fingolimod (n = 22;
10.5%) (Table 1).

Table 1. Clinical and demographic variables of patients with multiple sclerosis who received booster
dose COVID-19 vaccination.

Study Cohort
Patients Who Received the

Third Dose
Patients with Blood Test

Collected

Total patients 210 60

Female, n (%) 136 (64.8) 27 (45)

Male, n (%) 74 (35.2) 33 (55)

Mean age (years) ± sd 46.3 ± 13.4 39.6 ± 10.5

MS type, n (%)

RRMS 193 (91.9) 59 (98.3)

SPMS 12 (5.7) 1 (1.7)

PPMS 4 (1.9) -

PRMS 1 (0.5) -

Disability by EDSS, n (%)

≤3.0 152 (72.4) 55 (91.7)

3.5–5.5 34 (16.2) 3 (5.0)

≥6.0 24 (11.4) 2 (3.3)

DMTs, n (%)

ocrelizumab 20 (9.5) 8 (13.4)

fingolimod 22 (10.5) 7 (11.7)

interferon beta 1-a 36 (17.1) 9 (15)

natalizumab 33 (15.7) 11 (18.3)

dimethyl fumarate 34 (16.2) 11 (18.3)

cladribine 12 (5.7) 6 (10)

glatiramer acetate 15 (7.1) 3 (5)

teriflunomide 23 (11) 5 (8.3)

interferon beta 1-b 6 (2.9) -
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Table 1. Cont.

Study Cohort
Patients Who Received the

Third Dose
Patients with Blood Test

Collected

methotrexate 1 (0.5) -

rituximab 3 (1.4) -

alemtuzumab 1 (0.5) -

Untreated 4 (1.9) -
RRMS: Relapsing Remitting Multiple Sclerosis; SPMS: Secondary Progressive Multiple Sclerosis; PPMS: Primary
Progressive Multiple Sclerosis; PRMS: Primary Relapsing Multiple Sclerosis; EDSS: Expanded Disability Status
Scale; DMTS: Disease-Modifying Therapies.

During the study period, 160 patients (68.8% female) experienced at least one AEFI
(data not shown). In particular, 294 AEFIs occurred, of which about 90.8% were classified as
short-term, while 9.2% were classified as long-term (Table 2). Looking at the type of AEFIs,
the most commonly reported following the booster dose were pain at the injection site
(n = 112; 38.0%), flu-like symptoms (n = 62; 21.0%), headache (n = 39; 13.3%), fever (n = 32;
10.9%) and fatigue (n = 24; 8.2%) (Figure 1). More in detail, the most common short-term
AEFIs after booster dose were pain at the injection site (n = 111; 41.6%), flu-like symptoms
(n = 56; 20.9%) and headache (n = 34; 12.7%). Fever (n = 32; 12%) was more frequent
after the second dose of the vaccine and the booster dose than after the first vaccine dose.
However, compared to the second booster dose, fatigue symptoms were similar following
the administration of the booster dose and following the administration of the first dose of
the vaccine (Table 3).

Table 2. Distribution of Adverse Events Following Immunization (AEFIs) by time of occurrence
(short- and long-term) and vaccine’s dose.

Total First Dose Second Dose Booster Dose

Study population 310 310 288 210

All AEFIs, n 1207 539 374 294

Short-term AEFIs, n (%) 1057 (87.6) 438 (81.3) 352 (94.1) 267 (90.8)

Long-term AEFIs, n (%) 150 (12.4) 101(18.7) 22 (5.9) 27 (9.2)
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Figure 1. Distribution of Adverse Events Following Immunization (AEFIs) by Preferred Term (PT).
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Table 3. Distribution of Adverse Events Following Immunization (AEFIs) by time of occurrence and
Preferred term (PT) among MS patients.

Short-Term AEFIs Long-Term AEFIs

Any adverse events, n (%) 267 27

Pain at injection site 111 (41.6) 1 (3.7)

Flu-like symptoms 56 (20.9) 6 (22.2)

Headache 34 (12.7) 5 (18.5)

Fever 32 (12) -

Fatigue 17 (6.4) 7 (25.9)

Gastrointestinal symptoms 8 (3) 1 (3.7)

Other symptoms 9 (3.4) 5 (18.5)

Infection with
SARS-CoV-2 after vaccination - 2 (7.5)

3.2. Immune Response Results

After having received the third dose of the vaccine, 60 patients (28.6% of the cohort,
55% females) underwent laboratory tests, including the detection of SARS-CoV-2 IgG level
(Table 1). The IgG test was performed after a mean of 33.1 days (±9.3), ranging from 15 to
60 days. The mean of Anti-SARS-CoV-2 IgG level following the booster dose was 8152
(±4750).

A difference in IgG level by DMTs was found. In particular, significant differences were
found between: interferon Beta 1-a vs. ocrelizumab (10,315; p < 0.001) and fingolimod (9573;
p < 0.001). Natalizumab showed higher levels of Anti-SARS-CoV IgG than ocrelizumab
(6262; p = 0.019) and fingolimod (5521; p = 0.045). Lastly, patients treated with dimethyl
fumarate had higher IgG titer of Anti-SARS-CoV-2 than ocrelizumab (9651; p < 0.001) and
fingolimod (8910; p < 0.001) (Figure 2).

 
Figure 2. IgG Spike (BAU/mL) post booster dose in different DMTs. CLAD: Cladribine; IFN:
Interferon B 1-a; DMF: Dimethyl Fumarate; TERI: Teriflunomide; NAT: Natalizumab; GA: Glatiramer
Acetate; FTY: Fingolimod; OCRE: Ocrelizumab.
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Among patients for whom IgG level were available, 42 (70%) experienced short-term
AEFIs. Of these patients, 25 were female (59.5% of total) and 17 were male (40.5%); mean
EDSS was higher in patients who reported short-term AEFIs (2 vs. 1.1), with lower mean
age (39 vs. 42).

4. Discussion

Since the beginning of the COVID-19 vaccination campaign among MS patients, a
huge amount of clinical and laboratory data has been collected, representing a valuable
source of information for a frail population such as MS patients. Since then, many research
groups started to collect and analyze these data, providing new evidence on the efficacy
and safety of COVID-19 vaccines among MS patients. For instance, a group of Italian re-
searchers [8] compared the COVID-19 course and outcomes in MS patients on ocrelizumab
and fingolimod after receiving the third dose of mRNA vaccine vs. patients on natalizumab.
They enrolled 290 patients, of whom 79 were treated with natalizumab, 126 with ocre-
lizumab and 85 with fingolimod. Their results showed that patients who had COVID-19 on
ocrelizumab and fingolimod were more symptomatic with higher hospitalization rates
compared to patients on natalizumab. Overall, the results supported the effectiveness of
the third booster dose of mRNA-Vax against severe forms of COVID-19 in patients treated
with ocrelizumab and fingolimod.

We carried out a retrospective study to examine the safety profile and the antibody
response in 210 MS patients who received the third dose of a mRNA COVID-19 vaccine.
More in detail, we carried out a descriptive analysis of the AEFIs by time of occurrence
and PT.

Overall, our analysis showed that the mean age of 210 patients was 46.3 years, and
almost 60% were females. These results are consistent with those of previous studies;
indeed, as reported also by Harbo HF et al., women are more likely than men to get MS
(the prevalence ratio of MS in women to men is 2.3–3.5:1) [9].

In our cohort, a total of 160 patients (76.2%) had at least one AEFI. Of these patients,
almost 70% were female. In line with this finding, Peter Yamoah et al. reported that
COVID-19 vaccine-induced AEFIs were more frequently observed in women than men and
in patients of the age group 18–64 years [10]. Other studies reported similar difference in
AEFIs distribution by gender [11,12].

RRMS was the most prevalent MS subtype among patients included in our study
with interferon Beta 1-a, dimethyl fumarate and natalizumab the DMTs most frequently
prescribed. These results are in line with previous findings [2–5] but also with another study
that investigated the antibody response after the third dose of COVID-19 vaccine in MS
patients affected by various MS subtypes [13]. According to our opinion, the distribution
of drug use among MS patients may be related to the diverse population included in our
study, especially in terms of age and MS type.

In our study, the most commonly reported AEFIs following the booster dose were
pain at the injection site, flu-like symptoms, headache, fever and fatigue. Comparing our
descriptive analysis of AEFIs with previous results [5], flu-like symptoms and fever were
more frequent after the second dose of the vaccine, and in this analysis, following the
booster dose than after the first dose. In most cases, these AEFIs are not serious and resolve
on their own. Events occur mostly on the vaccination day or the day after. In line with
our results, Sapir Dreyer-Alster et al. conducted a study on 211 MS patients (62% female,
74.8% treated with different DMTs) who received the third dose of the BNT162b2 vaccine.
Following vaccination, no anaphylactic or life-threatening reactions occurred. The most
commonly reported AEFIs were muscle or joint discomfort, fatigue, localized pain at the
injection site and fever. Headaches and dizziness occurred in 7.6% and 1.9% of patients,
respectively [14]. Regarding the occurrence of headache, Castaldo M et al. carried out a
systematic review and meta-analysis of 84 articles (accounting for 1.57 million participants)
to assess the pooled incidence of post-vaccine headache (after first and second dose) by
vaccine type. In line with our results, headache was the third most common AE and
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a two-fold risk of developing headache within 7 days from injection was found. As
reported by study’s authors, patients developing a new-onset headache should be carefully
monitored for the risk of developing cerebral venous thrombosis, especially those with
risk factors, such as thrombocytopenia, anti-platelet factor 4 antibodies, and multiple
organ thrombosis [15]. Even though the mechanism underlying the occurrence of post-
vaccination headache is currently unknown, this symptom could be a consequence of
a homoeostasis disorder deriving from humoral and cellular immunity induced by the
vaccine, which are characterized by an increase in inflammatory cytokines (i.e., interferon
gamma, interleukin-6, CXC ligand 10) leading to a plethora of symptoms that also include
headache [16,17].

We aimed also to investigate the antibody response among 60 MS patients who
underwent—during routine clinical practice—laboratory tests, including SARS-CoV-2 IgG.
According to this analysis, we found a difference in IgG level for different DMTs (ANOVA
test, p < 0.001). Significant differences were found for the comparison interferon Beta 1-a
vs. ocrelizumab (10,315; p < 0.001) and interferon Beta 1-a vs. fingolimod (9573; p < 0.001).
As reported by Pitzalis M et al. [18], who evaluated the SARS-CoV-2 response after the
second dose of the COVID-19 vaccine among 912 Sardinian MS patients and 63 healthy
controls, humoral response to BNT162b2 was significantly influenced by these specific
DMTs. In addition, Garjani et al. showed that fingolimod and ocrelizumab are to blame for
the reduced immune response following COVID-19 vaccinations [19]. Similarly, findings
were reported by Baba et al. [13]. Wu X et al. [7] carried out a meta-analysis of 48 studies
published until March 2022 to evaluate the risk of impaired response to vaccination among
6860 patients with MS receiving DMTs. An attenuated serologic response was observed
in patients treated with anti-CD20 (OR = 0.02, 95% CI: 0.01–0.03) and S1PRM (OR = 0.03,
95% CI: 0.01–0.06) after full vaccination compared with patients not receiving any DMT. No
other significant associations between other DMTs and humoral response to SARS-CoV-
2 vaccines were found by the authors’ study. Another study [20] found out that the effects
of fingolimod on cellular immunity persisted for more than 2 years after a change to ocre-
lizumab; thus, clinicians should consider the possible failure to provide protection against
SARS-CoV-2 when switching from fingolimod to ocrelizumab. König et al. evaluated the
safety and immunogenicity profiles of the third dose of mRNA COVID-19 vaccine among
MS patients already receiving fingolimod or anti-CD20 therapy. The results highlighted
a better antibody response among patients who received anti-CD20 therapy than those
who received fingolimod and that a higher absolute lymphocyte count was linked to both
a better antibody response and more side effects [21]. In the same way, Achiron et al.
compared the efficacy profile of the third dose of the COVID-19 vaccine respect to MS
non-responder-patients treated with fingolimod. Specifically, a total of 20 patients were
randomized into two groups, 10 patients in the fingolimod-continuation and 10 patients in
the fingolimod-discontinuation. One month after receiving the third dose positive SARS-
CoV-IgG antibodies were detected in two patients in the fingolimod-continuation group vs.
eight patients in the fingolimod-discontinuation group, suggesting that fingolimod discon-
tinuation is associated with beneficial humoral immune protection [22]. Lastly, Madelon
et al. carried out a study where 20 patients that received ocrelizumab had a robust T-cell
response recognizing spike proteins from the Delta and Omicron variants after vaccina-
tion. Following the third dose of the vaccine, there was an increase in the number of both
CD4 and CD8 T cells that responded, showing that it was possible to improve individuals
who had an undetectable memory response after the initial vaccination series [23].

5. Strengths and Limitations

The main limitations of our study include its retrospective and monocentric nature
and the small sample size. In addition, the assessment of IgG response was used as a
measure of assumed humoral immunity even though we are aware that antibody levels are
not fully predictive of protection against infection and that the protective immune response
to SARS-CoV-2 could also depend on T-cell responses. As we previously reported [5],
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considering that we cannot exclude the lack of important clinical data, our findings should
be considered exploratory and interpreted with caution.

Nevertheless, we have provided new evidence collecting and analyzing clinical and
laboratory data on the safety of the third dose COVID-19 vaccines in a frail population
such as MS patients. As for previous studies, data collection and analysis have been
performed by a multidisciplinary team of neurologists, pharmacologists, statisticians, and
data managers with a long-standing experience in the management of studies focusing on
the monitoring of the safety profile of medicines and vaccines [24–26].

6. Conclusions

In conclusion, our results indicated that the booster dose of the Pfizer-BioNTech vac-
cine was safe for MS patients, being associated with AEFIs already detected in the general
population and with previous vaccine doses and shown in our previous publications.
Specifically, in this study the booster dose was associated with 294 AEFIs which occurred in
160 patients (mainly women) and the most common AEFIs (mainly classified as short-term)
were injection-site reactions, flu-like symptoms, headache, fever and fatigue. After having
received the third dose of the vaccine, 60 patients underwent laboratory tests, including
the detection of SARS-CoV-2 IgG levels. Consistently with literature data, we found that
patients receiving ocrelizumab and fingolimod had lower IgG titer than patients receiving
other DMTs.
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