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Abstract

Background Hospital readmissions due to medication-related problems occur frequently, burdening patients

and caregivers emotionally and straining health care systems economically. In times of limited health care resources,
interventions to mitigate the risk of medication-related readmissions should be prioritized to patients most likely

to benefit. Focusing on general internal medicine patients, this scoping review aims to identify risk factors associated
with drug-related 30-day hospital readmissions.

Methods We began by searching the Medline, Embase, and CINAHL databases from their inception dates to May
17,2022 for studies reporting risk factors for 30-day drug-related readmissions. We included all peer-reviewed stud-
ies, while excluding literature reviews, conference abstracts, proceeding papers, editorials, and expert opinions. We
also conducted backward citation searches of the included articles. Within the final sample, we analyzed the types
and frequencies of risk factors mentioned.

Results After deduplication of the initial search results, 1159 titles and abstracts were screened for full-text adjudica-
tion. We read 101 full articles, of which we included 37. Thirteen more were collected via backward citation searches,
resulting in a final sample of 50 articles. We identified five risk factor categories: (1) patient characteristics, (2) medica-
tion groups, (3) medication therapy problems, (4) adverse drug reactions, and (5) readmission diagnoses. The most
commonly mentioned risk factors were polypharmacy, prescribing problems—especially underprescribing and sub-
optimal drug selection—and adherence issues. Medication groups associated with the highest risk of 30-day readmis-
sions (mostly following adverse drug reactions) were antithrombotic agents, insulin, opioid analgesics, and diuretics.
Preventable medication-related readmissions most often reflected prescribing problems and/or adherence issues.

Conclusions This study’s findings will help care teams prioritize patients for interventions to reduce medication-
related hospital readmissions, which should increase patient safety. Further research is needed to analyze surrogate
social parameters for the most common drug-related factors and their predictive value regarding medication-related
readmissions.

Keywords Drug-related readmissions, Drug-related problems, Adverse drug reactions, Medication safety, Hospital
readmission, Scoping review, General internal medicine, Risk factors, Prediction
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Background

Hospital readmissions burden patients emotionally and
increase healthcare systems’ economic challenges [1, 2].
One prevalent medical intervention in general internal
medicine is medication therapy, with regimens often initi-
ated or changed during a hospital stay. As a result, shortly
after patients are discharged, they experience new med-
ication-related problems (MRPs) [3-5], i.e., “event[s] or
circumstance[s] involving drug therapy that actually or
potentially interfere with desired health outcomes” [6].

MRPs can be either adverse drug reactions (ADRs) or
medication errors (MEs). The latter encompass errone-
ous drug administration, incorrect dosages, unnecessary
or omitted drug therapy (respectively over- or underpre-
scribing), and non-adherence [7]. When severe, MRPs
can lead to hospital readmissions. For example, too
high a dose of diuretics can cause an excessive drop in
blood pressure, precipitating a fall, which may require
hospitalization.

Of the many thresholds used for readmission times,
30 days is the most common [8]. This is likely because
the Centers for Medicare and Medicaid Services (CMS)
penalize health institutions financially for higher-than-
expected 30-day readmission rates [9]. Whatever the
threshold, though, both to improve patient safety and
reduce avoidable health care expenditures, it is vital to
minimize preventable readmissions.

A substantial proportion of readmissions are for MRPs.
A 2018 systematic review found that the median preva-
lence of medication-related readmissions (MRRs) was
21% of all readmissions [10]. Of those MRRs, 69% were
deemed potentially preventable [10]. Various studies have
reported MRR risk factors [11-15]. In addition to ADRs
and MEs, these can include combinations of factors such
as polypharmacy and increased patient age [11-15].
However, no previous study has set out to synthesize
evidence on MRR risk factors by means of a literature
review in a general internal medicine population as their
primary objective. EI Morabet et al. [10] conducted a
systematic literature review to determine the prevalence
and preventability of MRRs. And while they did pro-
vide a summary of reported risk factors retrospectively,
they did not prospectively search for them. Another
study by Linkens et al. [16] provided an overview of the
literature on risk factors for medication-related admis-
sions and MRRs. However, this study only searched one
bibliographic database and did not clearly distinguish
between risk factors for medication-related admissions
and MRRs [16]. Additionally, both studies [10, 16] did
not focus on short-term readmissions. As this knowledge
gap about short-term MRRs has expensive and burden-
some consequences, the purpose of the current scoping
review is to provide an overview of risk factors linked
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to medication-related 30-day hospital readmissions in a
general internal medicine department’s adult population.
Identifying such risk factors is essential to helping hos-
pitals target patients most likely to benefit from relevant
interventions.

Methods

Study design

Combined with the Arskey and O’Malley framework [17],
the Joanna Briggs Institute’s recommendations [18] for
conducting scoping studies guided our literature review.
For our writing, we applied the Preferred Reporting
Items for Systematic reviews and Meta-Analyses exten-
sion for Scoping Reviews (PRISMA-ScR) Checklist [19].
The review protocol was not published separately, but is
available upon request from the corresponding author.

Eligibility criteria

We conducted a thorough review of the existing litera-
ture on risk factors for medication-related readmissions
within 30 days of hospital discharge. The outcome of
interest was 30-day readmissions, which encompassed
both readmissions to the same hospital and readmissions
to a different hospital, if reported accordingly. Addition-
ally, we focused on reporting medication-related risk
factors associated with these readmissions. This review
included studies reporting one or more of the following
factors and their association with short-term readmis-
sions: (1) specific medications or medication groups; (2)
patient characteristics or sociodemographic character-
istics associated with readmissions caused by MRPs; (3)
medication therapy characteristics or problems; and (4)
readmission diagnoses of MRRs.

We excluded studies where no medication-related
attributes are reported, where readmissions to other
institutions than hospitals are analyzed, or where the
time-to-readmission threshold is longer than 30 days—
our timeframe of interest. Additionally, we excluded
studies that analyze readmissions in patients<18 years
of age. Studies focusing on patients discharged from
hospital departments other than general internal medi-
cine, including but not limited to surgery, transplant,
or oncology departments, were also excluded. Likewise,
we did not consider studies that focus solely on specific
patient populations (e.g., heart failure patients) or medi-
cation groups (e.g., diuretics). As we did not assess each
included study’s bias risk and were interested in original
research, we excluded conference abstracts, proceed-
ing papers, editorials, expert opinions, reviews, and any
papers for which full-text versions are not available.
As the researchers are fluent in English, German, and
French, studies in those languages were included; those
published in other languages were excluded.
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Information sources, search strategy

We searched the MEDLINE (inception year: 1946),
Embase (inception year: 1974), and CINAHL (inception
year: 1961) databases using Ovid for the first two and
EBSCO for the last. We searched the entire databases
until the dates of our searches, the last of which was con-
ducted on May 17 2022. For included studies and lit-
erature reviews with research questions similar to ours
[10, 16], we also conducted manual backward citation
searches.

We combined and searched subject headings (SHs)
for readmissions, MEs or ADRs, and risk factors or risk
assessment. Additionally, we searched titles and abstracts
for these SHs (and synonyms), as well as medication
groups (and synonyms) in abstracts and titles (no SHs
available), combined with the index term readmission
(and its synonyms) in abstracts and titles. All search
strings for title and abstract fields were constructed to
account for any alternative spellings.

The search strategy was discussed and optimized with
a medical librarian. The strategies used in the individual
databases are provided in Supplementary File 1. No lim-
its were applied to the searches regarding language or
date of publication. In Ovid Embase, the records were
filtered to exclude conference materials. Records were
deduplicated using EndNote 20 (2013, Clarivate, Phila-
delphia, USA) and manually—by finding and deleting
duplicates—using Microsoft Excel (2016, Microsoft, Red-
mond, USA).

Study selection, data extraction, and synthesis of results
Two reviewers independently screened the retrieved
records’ titles and abstracts for eligibility. In a second
step, potentially eligible records’ full texts were reviewed
for inclusion. Disagreements at both stages were solved
through personal communication.

From the included studies, one reviewer collected data,
which were then verified by the second author. Relevant
data items were entered to a predefined table. In a second
step, this table was summarized and aggregated, where
factors and certain study characteristics could be checked
off, filled in with numbers or answered with dichotomous
outcomes.

The first table (Supplementary File 2) presented eight
data fields: publication year, country of origin, study type,
study site, study population, whether readmissions’ cau-
sality or preventability were analyzed, objectives, and
readmission rates (if analyzed and reported). To ensure
comparability across the included studies, readmis-
sion rates were calculated as percentages by dividing
the absolute number of reported readmissions by the
total number of studied admissions. This calculation was
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performed only for studies that did not already report the
readmission rates as percentage values. The main part
of the first table lists medication relevant factors (i.e.,
patient characteristics, medication group or medication
therapy characteristics and problems associated with
MRRs). Where medication groups or specific active sub-
stances are listed, we have added the Anatomical Thera-
peutic Chemical (ATC) classification system codes in
square brackets. The aggregated table (Supplementary
File 3) contains the following information: whether age
or number of medications taken were preselected in the
studied population; whether the study uses a readmission
risk stratification model; whether causality and/or pre-
ventability is assessed; and follow-up time in days. Addi-
tionally, we have added a row for each factor and headed
it with that factor’s name. As the studies are listed in col-
umns, we have inserted a check-box in the correspond-
ing cell to indicate each factor’s presence. If a particular
risk factor is connected with a preventable readmission,
a P is included in superscript. If the study classifies > 50%
of readmissions including a particular risk factor as pre-
ventable, a “(P)” is added in superscript. Causality of the
readmission was considered established if a validated
tool like the Naranjo scale [20] or the AT-HARM 10 cri-
teria [21] was utilized, or if physician judgment, such as
through a coded ADR, was used to classify the readmis-
sion due to a medication-related problem. Conversely, no
causality was assumed if the studies examined all-cause
30-day readmissions and identified, e.g., a higher preva-
lence of certain medication groups in the readmitted
group compared to the non-readmitted group. In the all-
cause readmissions, we only extracted data connected
with medications (i.e., medication groups, or number
of medications, being dependent on help with medica-
tions etc.). This means that in this scoping review, cau-
sality refers to whether the included studies analyzed if
the identified risk factor (e.g., a certain medication) was
justifiably the reason for the readmission.

Results
After deduplication, we retrieved 1159 publications. We
excluded 1058 studies through title and abstract screen-
ing, mostly because no risk factors for MRRs were
reported or only in specific patient populations. Sub-
sequently, we retrieved 101 full-text studies to analyze
eligibility. Of these, we included 37. Through backward
citation searches, we additionally retrieved 53 full texts,
of which 13 proved eligible, pushing the sample size up to
50 publications. A flow diagram of the literature review
process is shown in Fig. 1.

An overview of the included studies is provided in
Table 1.
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Identification of studies via databases

] [ Identification of studies via other methods
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4] « Ovid Embase (n = 989)
& * CINAHL (n = 287)
s
c
]
3
Duplicates removed
(n=787)
)
Studies screened Lo o
. . Studies identified through other sources and
by title and Studies excluded ;
screened by tile and abstract
a0 abstract (n=1058) Backward dtati N
_E (n - 1159) ackward citation searcl Ing
g | —
[
1=
A
Studies sought for Studies not Studies not Studies sought for
retrieval | retrieved retrieved [ retrieval
(n 1101) (n=0) (n=0) (nI 53)
Studies excluded
Full-text articles Studies excluded (n =40) Full-text articles
assessed for (n=64) + No appropriate risk assessed for
eligibility « Time to readmission factors reported eligibility
(n=101) >30 days (n = 20) (n=16) (n=53)
* No risk factors + Time to readmission
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+ language (n=1)
)
3
= Studies included in qualitative analysis
E (n=50)
)

Fig. 1 PRISMA 2020 [19] flow diagram. Abbreviations: n, number

Studies identified through database searches are
shown in bold; those identified through citation
searches are in regular text. Of the included studies,
18 assess causality [11-15, 22-34], particularly speci-
fying whether the readmissions were caused by MRPs.
The other 32 [35-66] examine medication-associated
factors (e.g., whether readmitted patients were more
likely to have had polypharmacy), but do not establish
whether the readmissions were caused by MRPs. Four-
teen studies describe risk prediction models [34, 54—
66]. In 19, the study population was preselected based
on advanced age (most often > 65 years (n=11)) and/
or number of medications taken [13, 28-33, 46-53,
63-66]. Specifically, 14 preselected their participants

based on age [13, 28, 29, 31, 33, 46, 47, 50-53, 64—66],
one based on number of medications [48], and four
based on a combination of age and number of medi-
cations [30, 32, 49, 63]. The readmissions’ preventabil-
ity was analyzed in 17 publications [12, 14, 15, 22-25,
28-31, 34-37, 54, 55]. The most common readmission
time threshold (n=42, 84%) is 30 days [11-14, 22—
25, 27, 29, 32-34, 36-45, 47-61, 63-66], followed by
28 days (n=4, 8%) [15, 30, 31, 46]. Two studies each
examine 21-day [28, 35] and 15-day readmissions (4%
each) [26, 62]. Most studies (nz=27) were conducted
in the US [12, 22, 25, 27, 35, 38-40, 42-45, 47, 50-53,
55-58, 60, 61, 63—-66]. The comprehensive table with
all extracted characteristics can be found in Supple-
mentary File 2.
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Primary outcomes

For the sake of clarity, only MRR risk factors mentioned
by at least three included studies are presented in this
manuscript. A table of all factors, indicating which
studies reported them, can be found in Supplementary
File 3. The results’ section is divided into three parts: in
the first and main part, we include the findings of stud-
ies assessing the causality of the readmissions, in the
second part, we highlight differences, if the findings are
combined with non-causality studies; and in the third
and last part, we provide an insight into medication-
related risk factors for preventable readmissions.

Patient characteristics - studies establishing causality
Twelve of the included 18 studies, that assessed causal-
ity, mentioned medication-relevant patient characteris-
tics [13—15, 26—34]. Regarding studies that preselected
their study populations based on older age or higher
numbers of medications, we included these criteria as
risk factors. Advanced age (most often > 65 years) is the
patient characteristic that most commonly accompa-
nies MRRs (mentioned in eight studies) [13, 15, 28-33].
Seven mention polypharmacy and/or specific number
of drugs as risk factors [13, 15, 26, 27, 29, 33, 34]. Three
causality studies define the number of medications con-
sidered polypharmacy, the most common threshold
is>10 (n=2) [13, 29]. Three studies highlight the num-
ber of changes in patients’ medication regimens dur-
ing their initial hospital stay as factors associated with
increased MRR rates [13, 14, 34].

Medication groups - studies establishing causality

Ten studies mention specific medication groups that
caused readmissions [11, 12, 14, 22, 23, 25, 28-30, 34].
Antithrombotics are mentioned most frequently (n=9)
(11, 12, 14, 22, 23, 25, 29, 30, 34], especially anticoagu-
lants (n=7) [11, 22, 23, 25, 29, 30, 34]. These are fol-
lowed by antidiabetics (n=38) [11, 12, 14, 22, 25, 28, 30,
34], particularly insulin [11, 12, 14, 22, 25, 28, 30, 34].
Diuretics were also mentioned eight times [11, 12, 14,
22, 25, 29, 30, 34]. Antibacterials (n=7) [11, 12, 14, 22,
25, 29, 30] and opioid analgesics (n=6) [11, 12, 14, 25,
29, 34] were also frequently noted. An exhaustive list
of the medication groups mentioned by at least three
of the included studies is shown in Table 2. In Table 2,
ten studies [11, 12, 14, 22, 23, 25, 28-30, 34] assessed
causality, whereas the remaining 11 studies [35, 38,
43, 47, 49, 54, 57, 59, 61, 64, 65] investigated all-cause
readmissions and reported that particular medication
groups were associated with a higher readmission rate.
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Medication groups associated with adverse drug reactions
leading to readmissions - studies establishing causality
Ten studies describe ADRs leading to rehospitalizations
[11, 13, 15, 22-25, 28, 29, 31]. Results indicate that ADRs
involving antithrombotic agents, especially vitamin K
antagonists, which are anticoagulants, were most often
associated with readmissions due to ADRs [11, 23, 25, 29].
Adverse reactions to antibacterial agents are also noted in
three of the included studies [11, 25, 29].

Medication therapy problems excluding adverse drug
reactions - studies establishing causality

Fifteen records study medication therapy problems other
than ADRs as reasons for readmissions [12-15, 22-26,
28-31, 33, 34]. MRR-associated medication therapy
problems are most commonly adherence issues (n=13)
[12-15, 22-26, 28, 30, 31, 34] and prescribing problems
(n=12) [12-15, 22, 24-26, 29-31, 33]. If a reason is given
for suboptimal medication adherence, it is usually either
erratic use [13, 15] or difficulty using a specific dosage
form [13, 15, 22]. The most relevant prescribing prob-
lem is misprescribing (n=10) [12-15, 22, 24-26, 30, 33],
most commonly either underdose (n=6) [12, 13, 15, 22,
26, 30] or overdose (n=6) [12, 15, 22, 25, 26, 33], drug-
drug interactions (n=4) [12, 13, 24, 25], or suboptimal
medication selection [15, 22, 30]. Another misprescribing
problem mentioned in three studies was the prescription
of a contraindicated medication [13, 22, 25]. Misprescrib-
ing problems are followed by underprescribing (n=9)
[12-15, 22, 24, 29-31]. Overprescribing is a risk factor
mentioned by five studies [12, 14, 15, 22, 31]; however,
fewer MRRs are attributed to it compared to underpre-
scribing. Insufficient ambulatory monitoring of medica-
tion therapy was mentioned six times [12-14, 22, 30, 31],
whereas transition of care errors were mentioned five
times [14, 25, 28, 30, 31].

Readmission diagnoses - studies establishing causality

Seven publications report MRR diagnoses [12, 25, 26,
28-30, 33]. Hypotension is the readmission diagnosis
encountered most often (n=5) [12, 26, 29, 30, 33]. This
is followed by myeolsuppression (including diagnoses of
anemia, neutropenia, and/or thrombocytopenia) [12, 25,
26, 30], constipation [12, 26, 29, 30], hypoglycemia [12,
26, 28, 30], and bleeding [12, 25, 29, 30], each mentioned
by four studies. Arrhythmia (including atrial fibrillation)
or QT prolongation was encountered three times [12, 29,
30]. In four, suboptimal patient monitoring or education
about antithrombotic agents led to bleeding [12, 25, 29,
30] and overprescribing or overdose of antihypertensives
to hypotension [12, 29, 30, 33]. Allergy or rash [12, 25,
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26], infection [12, 29, 30], falls [29, 30, 33], or heart fail-
ure [12, 29, 30] were each named in three studies as rea-
sons behind MRRs.

Differences in medication-related risk factors

between studies establishing causality and studies

that do not

With regard to patient characteristics, the results did not
differ significantly when adding studies not establishing
causality to the analysis. Twenty-four studies, not estab-
lishing causality, reported on medication-related patient
characteristics that were linked with a higher rate of
30-day all-cause readmissions [35, 36, 39-41, 45, 46, 48—
53, 55-60, 62-66]. Of these, 19 studies showed a higher
readmission rate in patients with polypharmacy [36,
39-41, 45, 48-50, 55-60, 62—66]. Five studies highlight
the prescription of potentially inappropriate medications
(PIMs) [32, 33, 46, 51, 60] and an additional one the num-
ber of medication changes [35] as factors associated with
increased readmission rates. Finally, three studies cor-
relate increased readmission rates with high medication
regimen complexity index (MRCI) scores [34, 52, 60].

In line with patient characteristics, when considering
the 11 non-causality studies that reported on medication
groups associated with readmissions [35, 38, 43, 47, 49,
54, 57, 59, 61, 64, 65], the results did not change much:
most frequently mentioned medication groups were still
very prominent. Only antibacterials were not mentioned
in non-causality studies. The detailed results for all the
medication groups are shown in Table 2.

Four non-causality studies were included that reported
on medication therapy problems excluding ADRs [36, 37,
42, 44]. ADR-specific analyses were not included in non-
causality studies. Readmission diagnoses in connection
with medications associated with readmission were cited
in one non-causality study [61]. Therefore, the results
described above only change slightly, and we refer to the
Supplementary File 3 for details.

Readmission rates and preventability

All-cause readmission rates are reported by 29 of
the included studies (see Table 1), with a mean rate
of 18.34+8.78%. When three publications assessed
what proportion of these readmissions were poten-
tially preventable, they arrived at a cross-study mean of
32.13+16.83%. Two also analyzed the rate of potentially
preventable readmissions on total admissions (includ-
ing readmissions), finding a mean of 11.15+3.65%.
The percentage of total readmissions classed as MRRs
was analyzed by 13 studies, with an overall mean of
24.26+11.76%; and across nine studies, the mean per-
centage of all MRRs that were potentially preventable is
44.2 +27.42%.

(2023) 23:1037
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Readmission preventability is investigated directly
in 14 studies [12, 14, 15, 22-25, 28-31, 35-37]. Three
others describe risk prediction models targeted at pre-
ventable readmissions [34, 54, 55]. Regarding our list-
ing of the various studies’ factors (Table 3), as one of
those predictive models—by Barnett et al. [34]—does
not specify which factors are predictive of prevent-
able MRRs (i.e., no validation), we did not classify
any of their listed factors as preventable. Similarly, as
Dreyer et al. [23] could not identify medication-related
risk factors associated with readmission preventability
in>50% of cases, we also omitted these data. Respec-
tive drug groups, MRPs, and readmission diagnoses
associated with preventable readmissions are tabulated
in Table 3. Ten of the included studies assessed causal-
ity [12, 14, 15, 22, 24, 25, 28-31] of the readmissions,
whereas four of them did not [35-37, 54].

In summary, the most prevalent factors associated
with preventable MRRs are prescribing problems, (most
often underprescribing), adherence issues, insufficient
ambulatory monitoring, and transfer of care-errors, e.g.,
incomplete medication discharge information. The drug
group most often associated with preventable MRRs is
antithrombotic agents.

Discussion

To our knowledge, this is the first review to assess 30-day
MRRs in adult patients in general internal medicine. We
grouped our findings into five categories: patient charac-
teristics, medication groups, MRPs, ADRs, and readmis-
sion diagnoses. These categories reflect the heterogeneity
of the included studies. Several articles report MRPs,
including ADRs, suggesting that the researchers were
specifically checking whether the associated readmis-
sions were caused by MRPs. Others describe or validate
readmission risk prediction models. Where these mod-
els identify risk factors associated with medications, we
have included those factors in our analysis. Much of a
risk prediction model’s development is based on the idea
that predictive factors—e.g., number of medications or
the prescription of certain medication groups—must be
entered in electronic medical records in a standardized
way [67]. Furthermore, our analysis entails studies that
examined all-cause readmissions. In those cases, we also
extracted medication-related factors. Additionally, the
diversity of the categories reflects readmissions’ tendency
to be multifactorial and complex.

Patient characteristics contributing to MRRs were
older age (most often>65 years), polypharmacy, num-
ber of medication changes at initial hospital stay, being
prescribed PIMs, having a higher MRCI, and being
help-dependent in the home environment. The medi-
cation groups most often associated with MRRs were
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antithrombotics, opioid analgesics, insulin, and diuretics.
The most common diagnoses for MRRs were bleeding,
constipation, hypoglycemia, and hypotension. These can
be connected to the identified medication groups. As an
example, as antithrombotic agents reduce the formation
of thrombi, they can also lead to bleeding. And as opioids
commonly induce constipation, laxatives should be pre-
scribed along with them [68, 69]. In the case of insulin, an
injection at too high a dose, e.g., due to non-adherence
with mealtimes or prescription errors, this may result
in severe hypoglycemia, often requiring hospitalization.
Lastly, especially in older adults with restricted sodium
intake, diuretics can lead to volume depletion, leading to
hypotension.

Although ADRs were often mentioned, MEs were also
found. These include adherence problems and prescrib-
ing problems, with underprescribing found to be the
most prevalent regarding MRRs. Misprescribing and
overprescribing also caused MRRs in the analyzed stud-
ies. Another risk factor was suboptimal transition from
an acute care setting to an ambulatory one. Compared to
MEs, ADR rates tend to be higher in the literature. How-
ever, measurement bias may amplify ADRs’ prevalence,
i.e.,, because ADRs are easier to detect and are recorded
in a more standardized manner, they are more likely both
to be detected and to be recorded recognizably. In many
countries, including the USA, where most of the included
studies originate, diagnoses are recorded using the Inter-
national Classification of Diseases (ICD) codes. As ADRs
can be reported by ICD codes, they are relatively readily
extracted from electronic health records for retrospec-
tive studies [70—74]. MEs are not captured in this stand-
ardized manner, and their endpoints often lead medical
professionals to mistake them for ADRs. For example,
a prescription error that leads to an opioid analgesic
overdose also becomes an ADR. Therefore, when taking
measures to reduce MRRs, the promotion of medication
adherence, education and monitoring, and the improve-
ment of transition-of-care processes are all important.
The identified risk factors can be used by clinicians to
prioritize patients for measures to reduce MRRs. These
could include a combination of medication reviews,
medication reconciliation, education, and interprofes-
sional transition-of-care programs, as a meta-analysis has
proven them effective at reducing readmissions [75].

Additionally, we summarized risk factors for prevent-
able MRRs. Considering the preventability definitions’
and study designs’ high levels of heterogeneity, these
results should be interpreted with caution. As expected,
the results indicate that, when MRPs such as prescribing
problems, adherence issues, and transfer-of-care errors
were assessed, they were almost always deemed prevent-
able. Some studies also found ADRs preventable, e.g., an
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allergic drug reaction in a patient known to be allergic to
that drug—which could also qualify as a preventable ME
(misprescribing). The drug groups most often associated
with preventable MRRs were antithrombotics, antihy-
pertensives, analgesics, especially opioids, and antibac-
terial agents. This is partly reflected in the readmission
diagnoses, of which arrhythmia (often an indication for
antithrombotics in case of atrial fibrillation), heart failure
(indication for antihypertensives, other cardiovascular
drugs), and infection (indication for antibacterial agents)
were most often associated with preventable MRRs.
Therefore, patients receiving the respective drug groups
or diagnoses could be prioritized for interventions to
avoid readmissions.

Our findings align with those of two reviews that dealt
with MRRs, but with slightly different primary objec-
tives [10, 16]. Both reviews mentioned the Charlson
Comorbidity Index [10, 16]. A higher comorbidity index
is associated with polypharmacy and higher MRCls [76,
77]—Dboth of which are identified in our results as risk
factors. Both studies noted links between specific drug
groups with MRRs [10, 16], all of which are included in
our results. Linkens et al. [16] also correlated adherence
problems, transition of care issues, falls, and weight loss
with MRRs. Our findings are similar but more detailed,
mainly because our primary objectives focused specifi-
cally on risk factors for MRRs.

While our study sample provides reasonably detailed
findings on physical contributors to rehospitalizations,
social determinants of health (SDH) are, in our opin-
ion, underrepresented not only here but throughout
the literature. These include nutritional status [78], liv-
ing arrangements [79-81], and discharge against medi-
cal advice [81], all of which correlate well with all-cause
readmissions. Living in a nursing home [79, 81] or a poor
neighborhood [81], or depending entirely on a state pen-
sion [81] are also associated with a higher readmission
risk. Another cause for concern is a lower level of social
support: unmarried, widowed, or homeless patients are
more likely to be readmitted [80, 81].

The LACE index [82] and the HOSPITAL score [83] are
prediction models for all-cause readmissions. The LACE
index looks at length of stay (L), acuity of admission (A),
comorbidity (C), and emergency department use in the pre-
vious 6 months (E); and the HOSPITAL score focuses on
low hemoglobin level at discharge (H), discharge following
oncological treatment (O), low sodium level (S), procedures
received during hospital stay (any ICD-9 coded procedures)
(P), index admission data: urgent/emergency (non-elective)
(IT), number of admissions over the previous year (A), and
length of stay>5 days (L) [82, 83].

Adding SDHs to the LACE index improved its pre-
dictivity [84]. However, adding them to the HOSPITAL
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score yielded conflicting results: in one study, the HOS-
PITAL c-statistic improved [85]; in another it did not
change significantly [86]. This could be because the HOS-
PITAL score’s contributing risk factors already reflect
the effects of SDHs [86]. A subgroup analysis showed
improved predictive power in older patients [84, 85].

Ultimately, as few of our included studies report on
SDHs, their roles, if any, remain unclear. However, we
hypothesize that they contribute importantly to MRRs.

For example, the clear link between SDHs and medica-
tion adherence [87-90], a critical risk factor for MRRs, is
congruent with our hypothesis. We strongly suspect that
SDHs are underrepresented in our findings, not because
they are less important than other demographic risk fac-
tors, but because data relating to them are not readily
available in electronic health records. Therefore, we sug-
gest more detailed research to investigate SDHs’ influ-
ence on MRRs.

This scoping review has several limitations: Most nota-
bly, as we did not assess the risk of bias in the included
studies, we may have included substandard research. We
tried to minimize this limitation by excluding articles
published without peer-review. Conversely, it is possible
that excluding “grey” literature—a conscious publication
bias—also limited the quality of our results. To mitigate
the risk of omissions, we performed backward citation
searches. And to optimize database record queries’ speci-
ficity, we added terms to our search strings representing
risk factors or medication groups. One conceivable result
would be that studies only mentioning very specific asso-
ciations, e.g., between polypharmacy and readmission,
would have been left out. Still, considering that the stud-
ies included through citation searches had no significant
effects on the results, we are confident that, for the pur-
poses of this scoping review, we identified the most per-
tinent risk factors. In other words, our findings regarding
risk factors provide a useful starting point to prioritize
patients for MRR reduction measures.

Conclusions

This scoping review summarizes potentially MRR-
indicative data identified in 50 included studies. These
can be categorized as patient characteristics, medica-
tion groups, MRPs and ADRs, and readmission diag-
noses. Our analyses indicate that patients who have
polypharmacy and are help-dependent, prescribed
PIMs, older (most often mentioned threshold>65
years), and/or received medication changes during
their initial hospitalization are at higher risk of expe-
riencing MRRs. Given the prevalence of these risk
factors among frail older adults, our findings high-
light the importance of targeted interventions, such
as medication reviews and deprescribing unnecessary
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medications, for this vulnerable population. Numerous
medication groups appear to be associated with MRRs,
most commonly antithrombotic agents, opioid analge-
sics, insulin, and diuretics. The leading MRPs resulting
in MRRs are non-adherence, prescribing problems, and
suboptimal transition of care. As all of these are MEs,
all are also potentially preventable. In health care set-
tings with limited resources, these risk factors can
serve as risk indicators, allowing care teams to prior-
itize particularly vulnerable patients for interventions
aimed at reducing preventable MRRs. And finally, one
question that warrants consideration is that of whether
certain social factors such living situations are predic-
tive of some types of MRPs.
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