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Abstract

Background: ADRs and ADEs have a great potential to hospitalize and/or re-
hospitalize patients. According to McDonnell and Jacobs, one ADR or ADE
could lead a patient to a hospital length of stay of an average of 6.1 days. This
can lead to lost days of work, a longer recovery time and even economic
implications. Methods: A thorough evaluation of the relevant extracted
literature has been analyzed thoroughly in order to find out how ADRs and
ADEs impact the levels of hospitalization and re-hospitalization of patients
and whether strategies, such as reporting systems, can aide in decreasing
their overall occurrence. Results: As the level of hospital admissions/re-
hospitalizations due to ADRs and ADEs depends on different factors, such as
age and location, the data is separated in the following categories: pediatric
population, general adult populations and geriatric population. Where data
were available, location has been specified within each category as well.
Conclusion: ADR and ADE-related hospital admission and readmission rates
are age-group related, elderly being at the highest risk. However, these rates
are not dependent on whether a country is developed or developing. Also,
there are strategies that can be utilized by healthcare providers in order to
decrease these rates in the future, such as to provide medication reviews and
follow-ups.
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Introduction

Adverse drug reactions (ADRs) and adverse drug events (ADEs) are among the
leading causes of hospitalization and re-hospitalization in many patient groups and
often lead to significant financial costs, as well as significant morbidity and mortality
[12]. However, in order to be able to understand the implications of ADRs and ADEs,
it is crucial to understand the definition of each and the difference between the two.
An ADR is a reaction or a response to a medication that is not intended to occur at
normal doses used as a therapy for treatment of a disease or for prophylactic
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purposes. An ADR also differs from the term side effect (SE), as a side effect is
generally a documented and an expected reaction to a certain medication therapy,
which is not that medication’s intended therapeutic outcome. The term side effect has
somewhat been criticized as it tends to normalize the notion of damage from drugs.
A concrete example of an ADR would be an allergic reaction to a drug expressed by
the immune response through its mediation in hives or a rash [22].

An adverse drug event (ADE), on the other hand, is harm that occurs during the use
of the drug, whether caused by it or not, including overdoses, dose reductions and
medication therapy discontinuation [5]. In addition, about 25% of ADRs leading to
hospitalization are at a level measured as serious to life threatening, which are a
result of patient noncompliance, inappropriate dosing or insufficient therapy
monitoring. All of these causes have been deemed as controllable, rendering ADRs as
often preventable through different strategies that can be applied among physicians,
pharmacists and other healthcare providers and even patients, including targeting
communication and education [12].

What makes ADRs important in healthcare and likely to cause unexpected hospital
admissions and re-hospitalizations is that they are not all discovered during the
mandatory clinical trials (established to determine drug efficacy and get drug
approval and release it into market). The most important method to detect unknown
and additional ADRs of drugs is through ADR reporting in reporting systems by
healthcare providers and by patients themselves. This reporting is done through
reporting systems that are different depending on which country the ADR is being
reported (for example, in United Kingdom they have a system called the UK Yellow
Card scheme). Ultimately, updating reported ADRs would detect the possibility of
ADR occurrences and enable their early detection of prevention of hospital
admissions/readmissions due to them [5].

ADRs and ADEs have a great potential to hospitalize and/or re-hospitalize patients.
According to McDonnell and Jacobs, one ADR or ADE could lead a patient to a hospital
length of stay of an average of 6.1 days [12]. This can lead to lost days of work, a
longer recovery time and even economic implications. Hence, the level of
hospitalization and re-hospitalization due to ADRs and ADEs, as well as their impact
on patient outcome, burden to the healthcare system, lifestyle and economy will be
studied and discussed in this paper.

The purpose of this study is, therefore, to understand the level of ADR and ADE-
related hospital admissions and re-hospitalizations, what causes them (whether the
incidences are age-related or related to socio-economic status of the locations), and
to explore possible strategies that can be utilized by healthcare providers and
patients in order to decrease their overall incidence and prevalence, as decreasing
ADRs and ADEs would lead to a significant decrease in healthcare costs and would
lead to better quality of life of patients under ADR and ADE-prone drug therapies.
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Methods

A systematic literature review via PubMed, Lund University libraries, and Rochester
Institute of Technology online library database searches were conducted in an
iterative manner during the year of 2018 and 2019, to retrieve articles related to
adverse drug reactions and adverse drug events and their impact in hospitalization
and re-hospitalization of patients. The searches included literature from 2000 to
2018, including keyword searches, such as adverse drug reactions, adverse drug
events, hospitalization, re-hospitalization, reporting systems, side effects, clinical
trials, etcetera, under both basic and advanced searches. A collection of relevant
articles was extracted from this secondary literature review and analyzed thoroughly
in order to find out how ADRs and ADEs impact the levels of hospitalization and re-
hospitalization of patients and whether strategies, such as reporting systems, can aide
in decreasing their overall occurrence.

Results

Patients have been categorized in pediatric and geriatric categories, as well as
patients living in developing or developed countries. While different variables may
predict the level of potential hospitalization within a population, it has been stated by
Pirmohamed et al. that the burden of ADRs and ADEs is high and it accounts for a
significant level of morbidity and mortality, as well as extra healthcare costs, in this
case in England. While these drugs that cause ADRs and ADEs are used to treat
conditions in order to improve patient health, it is crucial to also look at the harm
versus benefit ration to determine whether certain treatments are worth the risk of
potential ADRs and ADEs leading to health harm and healthcare burden [17].
However, looking at a harm versus benefit ration, ADRs cannot all be generalized at
the same level of potential danger, as they have been categorized in different levels
depending on their potential to be avoided: Definitely avoidable, Possibly avoidable
and Unavoidable. Using this categorization system, Pirmohamed et al. found that out
of 1225 hospital admissions due to an ADR, 80% of the cases were directly related to
an ADR and the median bed stay was eight days. These admissions accounted for four
per cent of total hospital bed capacity, leading to a 446 million British pounds annual
cost and an overall fatality of 0.15%. These ADRs that led to hospitalization were
deemed as either definitely or possible avoidable, shining a light on the potential for
improvement. Common drugs that lead to ADRs in this study included aspirin,
NSAIDs, diuretics and warfarin; the most common ADR being gastrointestinal
bleeding [17]. In addition, Menendez-Conde et al. found that immunosuppressants
and antineoplastic therapy caused 38% of ADRs [13].

As the level of hospital admissions/re-hospitalizations due to ADRs and ADEs
depends on different factors, such as age and location, the data is separated in the
following categories: pediatric population, general adult populations and geriatric
population. Where the data was available, location has been specified within each
category as well.
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ADRs and ADEs causing hospital admissions in pediatric population (aged 19 and
under)

In a study done in the Czech Republic, it was found that ADRs cause a significant
number of pediatric hospital admissions. 2.2% of hospital admissions were due to an
ADR, of which 35% were due to anticancer drugs, 18% due to antibiotics, 9% due to
vaccines and 9% due to immunosuppressants [9]. In addition, Feinstein et al. found
that 3% of hospital admissions per day were due to possible drug events [4].

ADRs and ADEs causing hospital admissions in general adult population

As a point of comparison to the other population categories, hospital admissions in
the adult population represent 8.1% of total hospitalizations in Singapore [3]. 2.4%
to 3.6% of ADR-related hospitalizations among the adult population occurred in
Australia, and 3.1% to 6.2% in the United States. The mortality rate was found to be
similar in both countries (0.21%) [18].

ADRs and ADEs causing hospital admissions in geriatric population

It has been found that the highest incidence of ADR and ADE--related hospital
admissions is among the geriatric population. According to Nair et al., 6% to 12% of
all hospital admissions among older patients are due to ADRs, a percentage higher
than in any other patient population [14]. However, Laatikainen et al., found that up
to 23.1% of hospital admissions were likely medication-related (including ADRs and
ADEs) [8]. A similar study found the rate to be 8.37% in the emergency department
[15]. In addition, 22% of re-hospitalized patient cases were considered avoidable [6].
Four per cent of urgent hospital admissions were due to ADRs, most of which (90%)
occurred in older patients who were on multiple medications at once [16].

Population within a developed country versus underdeveloped country

A comprehensive review of prevalence of ADR and ADE-related hospitalizations in
developing and developed countries led to conclusions that 6.3% and 5.5% of
hospitalizations occurred in developed and developing countries, respectively. In
addition, of those hospitalizations, 71.7% and 59.6% were preventable reactions and
events in developed and developing countries, respectively [1]. In addition, a study of
incidence of ADR-caused hospital admissions in France found that 3.6% of admissions
were due to ADRs, 32% of which were preventable and 16.5% potentially preventable
[2].

Studies exploring the rate of ADR-related hospital admissions in England found that
within the period of 1999-2009, 0.9% of total hospital admissions pertained to ADR
causes [21]. Veeren and Weiss also found that in 2014/2015 the number of
emergency hospital admissions increased by 12.1% in England as well [20].

Conclusion

In order to handle healthcare problems caused by ADRs and ADEs it is also very
important to create a utility of tools in order to be able to identify high-risk patients,
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such as older patients in order to intervene and prevent ADR and ADE-related
hospital admissions. At this time there are no validated tools that help evaluate the
risk of adverse drug reactions in a primary care setting [14]. It was also found to be
beneficial to provide medication reviews with follow up services on hospital
admissions in older polypharmacy patients. Pharmacists were found of particular
help and benefit in this case. They found that the percentage of ADR related
admissions in patients receiving follow-up medication review was significantly lower
[10].

In conclusion, ADR and ADE-related hospital admission and readmission rates are
age-group related, elderly being at the highest risk. However, these rates are not
dependent on whether a country is developed or developing. Also, there are strategies
that can be utilized by healthcare providers in order to decrease these rates in the
future, such as to provide medication reviews and follow ups.

Discussion

While hospitalization and/or re-hospitalization among patients due to ADRs and
ADEs is a problem in public health, studies such as that of Pirmohamed et al. (2004)
make it clear that there is a possible solution to the problem, regardless of how major
it is. They found that the ADRs causing hospitalizations were avoidable or definitely
avoidable. When an ADR is in an ‘avoidable’ category, it means that something can be
done about it, some strategy can be applied in order to avoid the ADR. They also found
that the major ADR was gastrointestinal bleeding due to aspirin, NSAIDs, warfarin or
diuretics. This implies that the problem is possible at the level of patient drug
education. There are several steps patients can take in order to avoid GI bleeds due to
these drugs, such as the time of day the drugs are taken, foods with which they are
mixed, proper dosing, appropriate tests, etcetera. These steps can be achieved by also
improving patient-provider communication and follow-up appointments. There are
also steps that can be taken to avoid ADEs. While ADEs can occur during the process
of drug prescription, administration or purchasing, etcetera, physicians and
pharmacists can play a major role in avoiding ADE-related hospital admissions and
re-hospitalizations by recognizing and selecting patients that have a potential to be at
a higher risk for ADE-occurrence and involving multi-disciplinary team work within
the healthcare setting, providing the maximal care and greatest possible avoidance of
ADEs by providing a more thorough patient education, having two or more healthcare
providers review new and old prescribed medications of patients and recognizing
possibilities of events beforehand [17].

Overall, it seems that older patients (ages > 65 years) have the highest incidence of
hospital admissions due to drug reactions or events. However, when it comes to
location, whether a developed or underdeveloped country is being studied, the
incidence of ADR and ADE-related hospital admissions does not differ significantly.
Hence, these cases do not seem to be a problem of poverty but more so of patient
education and awareness of the effect that the drugs they take may have on their
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health. This makes the challenge of ADR and ADE hospitalization hopeful in the sense
that application of additional patient education in the future may have an effect in
decreasing the issue of the current situation. This could also open many doors for
improvement in the future. A possible future study could include examining the effect
of thorough patient education about their medication lists, including administrations
route, handling, storage, etcetera, on the rate of ADR and ADE-related hospital
admissions and re-hospitalizations.

In addition, it was stated by Klarskov et al. that drug safety profile updates are
impaired due to most ADRs and ADEs not being reported to authorities, as clinical
trials are not a mirror of drug use in real life situations [7]. This being said, better
methods to increase rates of ADR reporting to authorities should be established as
knowing possible drug ADEs and ADRs would make it possible for them to be seen as
possible side effects and foreseen as potential events, not unexpected or even surprise
occurrences. A relevant future study would be to survey healthcare providers on the
type of reporting system that they would prefer and would be more likely to use
(paper-based system, or online) and to find out reasons why they may avoid reporting
an ADR or ADE. This data would help us understand current issues of under-reporting
of recognized ADRs and ADEs by healthcare providers and lead us into designing a
reporting system that would be easier and friendlier to use, ultimately leading to
increased ADR and ADE reporting.

A particular strength of this study is the inclusion of different age-groups in
understanding the levels of hospital admission and readmission rates due to ADR and
ADE (as susceptibility is age-related), and this leads to better understanding of which
group population needs greater attention in order to decrease the overall rates. Also,
the study focused on whether the level of country development plays a role on these
rates. This is important as it finds out whether the solution to this problem is possible
achievable without having to first focus on a much larger issue, such as poverty level,
etc.

Alimitation of this study includes lack of further literature review of current ADR and
ADE reporting rates by healthcare providers and their effect on lack of recognition of
possible ADRs and ADEs. Recognizing this rate can lead us to future study avenues
that could potentially decrease lack of recognition of ADRs and ADEs before they
occur. Another limitation includes the lack of further research of the link between
level of patient education (by provider, about the drug(s) being taken) and the
incidence of ADR and ADE-related hospital admission and readmission rates.
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Key Points

Adverse drug reactions (ADRs) and adverse drug events (ADEs) have a great
potential to hospitalize and/or re-hospitalize patients, which can lead to lost
days of work, a longer recovery time and even economic implications.

ADR and ADE-related hospital admission and readmission rates are age-
group related, elderly being at the highest risk.

Hospital admission and readmission rates are not dependent on whether a
country is developed or developing.

Public health strategies that can be utilized by healthcare providers in order
to decrease these rates in the future, such as to provide medication reviews
and follow ups, have been utilized.
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