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Abstract
Objectives: The present study analysed four years of a hospital register (2015-2018) to investigate
associations between 30-day hospital readmission risk and the medical conditions and drug regimens of
polymedicated, older inpatients discharged home.
Design: Population-based longitudinal study.
Setting: A public general hospital centre in the French-speaking part of Switzerland.
Participants: We explored the electronic records of 20,422 inpatient stays by polymedicated, home-
dwelling older adults held in the hospital’s patient register. We identified 13,802 separate patients over 64
years old.
Outcome measures: Sociodemographic characteristics, medical conditions, and drug regimen data
associated with readmission within 30 days of discharge.
Results: The overall 30-day hospital readmission rate was 7.8%. Higher risks of hospital readmission
were associated with longer hospital length of stay (OR = 1.014), impaired mobility (OR = 1.218),
multimorbidity (OR = 1.419), tumoural disease (OR = 2.538), polypharmacy (OR = 1.043), and certain
specific drugs, including antiemetics and antinauseants (OR = 3.216), antihypertensives (OR = 1.771),
drugs for functional gastrointestinal disorders (OR = 1.424), systemic hormonal preparations
(OR =1.207), and vitamins (OR = 1.201), as well as the concurrent use of beta-blocking agents and
proton pump inhibitors (OR = 1.367).
Conclusions: Thirty-day hospital readmission risks were associated with longer hospital length of stay,
health disorders, polypharmacy and drug regimens. The drug regimen patterns increasing the risk of
hospital readmission were very heterogeneous. Further research is needed to explore hospital

readmissions caused solely by specific drugs and drug—drug interactions.

Keywords: polypharmacy; odds ratio; logistic regression; hospital register; ATC Classification System;

adverse-drug events; hospital readmission.

Strengths and limitations of this study:

e The records of 20,422 separate hospitalisations involving 13,802 polymedicated home-dwelling
older patients were investigated for the prevalence of 30-day hospital readmission.

e The study includes four years’ data from an exhaustive hospital register (2015-2018).

e A whole series of sociodemographic and clinical parameters, medical conditions and prescribed
drugs were used to predict the probability of hospital readmission.

e Analyses were correlational and no causality could be demonstrated.

e  Although the study considered statistical associations between drugs and rehospitalisations, it

did not use clinically diagnosed drug—drug interactions.
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Introduction

Longitudinal studies have demonstrated that approximately 20% of the home-dwelling older adults
supported by home health-care services experienced hospital readmission within 30 days of their
discharge (1-3). For many older adults, readmission to an acute hospital is associated with a functional
decline that has not always recovered by the time they are discharged (4). However, the systematic review
by Hansen et al. revealed wide-ranging estimates (5%—79%) of how many hospital readmissions were
preventable (5). The period between hospital discharge and readmission has not always been clearly
stated in the literature, ranging from 30 days to 3 years. However, 30 days is the most frequently used in

public health policy when measuring health-care system performance (6-8).

Numerous determinants have been identified and associated with hospital readmissions, e.g.
sociodemographic and individual characteristics, multimorbidity and medical events (9, 10). A substantial
risk of 30-day hospital readmission has been associated with older inpatients treated for different diseases
and surgical interventions involving hip fracture, cancer, bypass, acute cardiovascular events or complex
surgery (11). The reasons for hospital readmission after a surgical intervention are often not directly
related to the surgery itself but rather to underlying chronic health conditions (12). Thus, chronic diseases
may play an important role in readmission risk, independently of the reason for the initial hospitalisation
(13, 14). Chronic diseases are not isolated health conditions among older inpatients: they can influence
each other and treatment for one disease may adversely affect another (15). For all these reasons, patterns

of 30-day hospital readmissions may be very complex (16).

Multimorbidity, in the case of two or more diseases (17, 18), may require taking multiple medicines (19),
known as polypharmacy (PP) when daily intake involves five or more drugs (20). Increasing incidences
of multimorbidity with age, and consequently PP, add to the complexity of managing older inpatients’
drug prescriptions, particularly at hospital discharge (21, 22). PP and inadequate drug management are
significant risk factors for adverse drug events (ADEs)—the most common post-discharge
complications—alongside hospital-acquired infections and procedural complications (23, 24). ADEs
resulting from inappropriate drug prescribing, discrepancies between prescribed and current regimens,
poor adherence and the inadequate surveillance of adverse effects frequently lead to hospital admissions,
readmissions (8) and other undesirable consequences such as increased morbidity, decreased autonomy,
institutionalisation and even early death (25, 26). A systematic review by Morabet et al. indicated ADE
rates of 18%—38% after hospital discharge and 4.5%—-24% hospital readmission rates due to those ADEs
(27). Because older adults use more drugs, they are at a greater risk of drug-related readmission.
Numerous studies have found that nearly 30% of older inpatients experienced ADEs within three weeks

of hospital discharge, almost three-quarters of which could have been prevented or lessened (10, 28, 29).

Despite the significant overall impact of ADEs on hospital readmission rates, little is known about
hospital readmission risk’s associations with medical conditions and drug regimens (30, 31). Morabet e?

al. revealed the high prevalence of antibiotics, diuretics, vitamin K antagonists, opioids, antidiabetics,
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anti-cancer drugs, antihypertensives, digitalis glycosides, corticosteroids and psychotropic drugs in drug-
related hospital readmissions (27). Samoy et al. reported that anticoagulants, hypoglycaemics, beta-
blocking agents, antidepressants, calcium channel blockers and lenograstim were associated with high
risks of hospital readmission (32). A retrospective patient record study by Teymoorian ef al. reported that
anticoagulants and antiplatelet agents, diuretics and antihypertensives, and opioids were associated with a
high risk of persons aged 80 years old or more being readmitted to hospital within 30 days (33). Blanc et
al. reported the readmission scores of different drugs in a large sample of 10,374 adult hospital
admissions in general medicine. Taking beta-blocking agents, calcium channel blockers, diuretics,

hypoglycaemic drugs or opioids was a significant risk for 30-day readmission (9).

Besides higher risks of drug-related hospital readmission, some studies have also investigated
associations between combining drugs—a common practice when treating complex diseases or co-
existing medical conditions—and drug-related hospital readmissions. Although using multiple drugs may
be good clinical practice and compliant with guidelines for treating certain diseases, one significant
consequence of combining drugs is that patients face much higher risks of ADEs, which can be caused by
drug—drug interactions (34-36). ADEs can emerge because a drug’s pharmacokinetics and
pharmacodynamics change if taken with another drug (36). Moura et al. found that participants with
potential drug—drug interactions on their prescription list had a 2.4 times higher adjusted odds ratio (OR)
of being readmitted (37).

Even though some studies have reported high numbers of readmissions among home-dwelling older
patients for a variety of drugs (38), this health issue was mostly investigated using prospective or cross-
sectional studies with small samples. More insight is needed into patterns of drug-related hospital
readmissions and risk factors in order to design better interventions for addressing ADEs (39, 40). As part
of a broader project (41), the present study’s goal was to use hospital register data to prioritise risk factors
for hospital readmission. We hypothesised that sociodemographic characteristics, medical conditions
(defined using the WHO’s International Classification of Diseases, tenth revision: ICD-10, and the Swiss
Classification of Surgical Interventions: CHOP), and drug prescriptions (based on the WHO’s Anatomical
Therapeutic Chemical (ATC) Classification System) were significant risk factors for 30-day hospital

readmission for discharged older adults.

Material and Methods

Study Design

This population-based longitudinal study investigated the associations between the risks of discharged,
polymedicated, home-dwelling older patients being readmitted to hospital within 30 days and their drug
prescriptions and medical conditions. The study was performed with close regard to the REporting of

studies Conducted using Observational Routinely collected health Data (RECORD) statement (42).
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Population and Data Collection

Our custom, four-year, population-based dataset was composed of polymedicated (five or more drugs
prescribed at hospital discharge), multimorbid (two or more ICD-10 diagnoses), home-dwelling older
adult participants (65 years old and above) admitted and readmitted to a public general hospital in the
French-speaking part of Switzerland. This specific population was selected because of its increased risk
of hospital readmission (10, 28, 29). The hospital register contains a comprehensive and exhaustive
electronic health record (43). However, no electronic patient records were available for adult psychiatry
for 2015-2018. The extracted patient data contained sociodemographic characteristics, medical and
surgical diagnoses, routinely assessed clinical data (such as gait, falls risk or hearing) from hospitalised
patients with at least five prescribed drugs and their prescribed drugs at discharge. Medical and surgical
diagnoses were coded based on the ICD-10 and CHOP (44). Drug classification was based on the WHO’s
ATC Classification System (45).

The strategy for transforming and synthesising the data extracted from the register’s multiple dataset
sources was based on Olsen’s register-based methodological considerations (46) and has been
documented elsewhere (47). Our dataset was composed of 20,422 hospital admission records running
from January 2015 to December 2018, with similar numbers of annual hospital admissions: 5134, 5095,

5125, and 5068, respectively.

Patient and Public Involvement
Neither patients nor public were directly involved in the development of the research questions, study

design, outcome measures, recruitment and conduct of the study.

Dataset Customisation for Predictive Analysis

The dataset was recoded and customised to identify the frequency of older patients’ hospital admissions.
Each subject’s unique identifier was used to distinguish their different hospital stays from 2015-2018.
The dataset included 13,802 hospital stays involving older inpatients discharged home and whose data
were complete (no missing values). These complete datasets related to 8,878 different individuals, with an
average of 1.55 inpatient hospital stays. Sociodemographic and clinical data were considered independent
variables and used to compute the predictive models. Readmission following discharge home was defined
as the dependent variable of interest and was dichotomised (0 = no, 1 = yes) based on 30-day readmission
between 2015 and 2018. Furthermore, the custom dataset was composed of six clinical clusters based on
agglomerative hierarchical clustering methods for identifying clinically relevant characteristics and
representing older inpatients’ health status. Medical status and drugs data were recoded and copied to an

exploitable population database (47).

Sociodemographic Variables and Length of Stay
Sex and age were included in the analysis as sociodemographic control variables. The total sample’s

mean age was 77.77 years old (SD = 7.48), and 57% were women. Age was considered a continuous
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variable as its progressive impact has been proven in preliminary investigations and previous studies (48).

The average hospital length of stay (LOS) was 8.44 days (SD = 7.58).

Health Variables

Numerous variables were used to describe older patients’ health status during each hospital stay. Three of
six preliminarily computed hierarchical clusters (47) were included in the modeling analysis as
confounding variables: the mobility cluster, the dependency in the activities of daily living cluster and the
mental state cluster (47). Twenty-five per cent of the sample had impaired mobility, 4% were impaired in
their activities of daily living and 4% showed mental impairment at discharge. Our sample population
averaged 4.58 (SD = 0.92) ICD-10 diagnoses, with their individual numbers used to model
multimorbidity, and 1.80 (SD = 1.76) surgical interventions (CHOP) performed during the
hospitalisation. The selected medical diagnoses distinguished patients affected by circulatory (24%),
infectious (3%), and respiratory diseases (11%), as well as trauma (8%) and tumours (11%). Finally, the
year of hospitalisation was introduced as a control variable, based on the fact that earlier admission to
hospital during this period led to a higher probability of unplanned readmissions during the entire period

covered.

Included Drugs

Drugs were classified according to the WHO’s ATC Classification System (49) and then included in the
predictive model as independent variables. To ensure robust statistical results, the model only included
drug categories prescribed to at least 30 participants (n = 13,802). Drug prescription was considered
continuous, with an average of 8.95 (SD = 3.24) drugs per patient prescribed at hospital discharge. Table
1 presents the prescribed ATC classified drugs included in the predictive model as independent variables.

[Insert Table 1]

Data analysis strategy

Data were extracted into a Microsoft Excel spreadsheet (Microsoft, Redmond, Washington, United
States) and then imported into SPSS software, version 26.0 (IBM Corp, Armonk, New York, United
States). We examined statistical associations between hospital readmissions and patient age and sex,
LOS, principal and related ICD-10 diagnoses, CHOP interventions and drug prescriptions during
hospitalisations. A causality analysis between those variables was impossible given our retrospective data
collection method, our inability to calculate the time between drug intake and readmission, and the
potential drug changes between hospitalisation sequences. We conducted a bivariate analysis relating the
independent variables to 30-day readmission after discharge home from 2015-2018. In a second stage, a
series of multilevel binary logistic regression models were computed to estimate how sets of predictors
influenced the probability of 30-day hospital readmission. The first level concerned hospital LOS, and the

second level included individuals’ characteristics and health conditions. The model projected each
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predictor’s impact, other things being equal, by estimating its net impact, controlling for other factors
(adjusted ORs). The model also considered correlations between each subject’s different variables, which
were generally not independent (50). The model’s random intercept design allowed each individual’s
intercept to vary, assuming that some unmeasured traits remained stable over time and allowing a better
estimation of the model’s parameters. The other estimated parameters, on the other hand, had the same
effect on every subject. This regression analysis dichotomised the probabilities of future readmissions
within 30 days (0 = no, 1 = yes) of discharge home. Since the data were based on a whole population, not
a sample, the ORs’ confidence intervals and statistical tests were used to indicate the robustness of

relationships (they usually only make sense for statistical inference).

Patients and public involvement
Patients were not involved in the development of the research questions, study design, outcome measures

and conduct of the study.

Results

Associations between Thirty-day Hospital Readmission and Sociodemographic Characteristics and
Medical Conditions

The prevalence of 30-day hospital readmission for older patients discharged home was 7.8%. Bivariate
associations showed significant differences between participants’ sociodemographic characteristics and
medical conditions (Table 2). Men showed a slightly higher proportion of 30-day hospital readmissions
than women (8.2% vs 7.3%). However, age did not significantly affect the probability of 30-day
readmission. More readmissions were also seen among older patients with a circulatory disease (8.2% vs
6.5%), those not affected by trauma (8.0% vs 5.8%), and especially those with a tumour (15.1% vs 6.9%).
Multimorbidity also increased the prevalence of 30-day hospital readmissions—from 1.5% for older
patients with a single ICD-10 condition to 8.8% for those with five.

[Insert Table 2]

Associations between Thirty-day Hospital Readmission and Drugs

On average, older patients readmitted within 30 days had more prescribed drugs than those who were not
readmitted (9.95 drugs vs 8.87). We found a linear relationship between the 30-day readmission rate and
the average number of prescribed drugs (p > 0.001), which supported the absence of a cut-off point in this
relationship (Figure 1).

[Insert Figure 1]

Among the most robust statistical associations with 30-day hospital readmissions involved the classes of
drugs including antineoplasics and immunomodulators (12.6% vs 7.6% for those not treated with them)
and taking antiemetics and antinauseants (27.7% vs 7.7%). There was also a high prevalence of 30-day
hospital readmission among participants taking drugs for functional gastrointestinal disorders (13.4% vs

7.4%) and antihypertensives (14.1% vs 7.7%) (Table 3).

8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

BMJ Open Page 10 of 38

[Insert Table 3]

Baseline Multivariate Model

A baseline, multivariate logistic regression model including older patients’ sociodemographic and clinical
variables, but not their prescribed drugs at discharge, was computed to predict 30-day hospital
readmission after discharge home (Table 4). Neither sex nor age had a significant impact. On the
contrary, LOS had a significant impact (OR = 1.014 for each additional day; 95% CI: 1.006-1.021), as
did mobility (OR = 1.218 for older patients with an impaired mobility status; 95% CI: 1.039-1.427).
Dependence in the activities of daily living and mental health status showed no influence. Concerning
diagnoses measured in the ICD-10, we found that older patients with a tumoural disease (OR = 2.538;
95% CI: 2.089-3.082) were much more susceptible to 30-day hospital readmission. Patients with
circulatory pathologies showed no difference from the reference category (OR = 0.938; 95% CI: 0.783—
1.124), and nor did those with respiratory problems (OR = 1.100; 95% CI: 0.875—1.382), trauma

(OR =0.847; 95% CI: 0.633—1.134) or infection-related problems (OR = 1.381; 95% CI: 0.964-1.977;

p =0.078). Having several pathologies predicted a higher probability of readmission (OR = 1.419 per
additional ICD-10 condition; 95% CI: 1.282—1.572), whereas the number of surgical procedures had no
noticeable impact (OR = 0.978; 95% CI: 0.938-1.020). The year of hospital stay did have an impact,
however, as the earlier the hospitalisation during the four years under review, the higher the probability of
readmission (OR = 0.933 per additional year; 95% CI: 0.880-0.990).

[Insert Table 4]

Prediction of 30-day Hospital Readmission and Drug Prescriptions

Table 5 presents the baseline logistic regression model completed with the drugs prescribed to older
patients at discharge home that were significantly associated (p = < 0.05) with 30-day hospital
readmission. It was impossible to introduce the total number of drugs prescribed jointly in this model
because of their collinearity with other drug variables. Non-significant drugs and other variables have
been omitted from Table 3 in order to simplify the presentation. The probabilities of 30-day hospital
readmission are presented in descending order of discharged older patients’ ORs for each additional unit
of the drugs in question. Intake of antiemetics and antinauseants was very strongly linked to 30-day
readmission (OR = 3.216 for each additional drug unit taken; 95% CI: 1.842-5.617), as were those of
antihypertensives (OR = 1.771; 95%CI: 1.287-2.438), gastrointestinal drugs (OR = 1.424; 95% CI:
1.166-1.739), systemic hormonal preparations (OR = 1.207; 95% CI: 1.052—1.385) and vitamins

(OR =1.201; 95% CI: 1.049—1.374). On the contrary, the intake of lipid-modifying agents was associated
with a decrease in 30-day hospital readmissions (OR = 0.841 for each drug from this class prescribed,
95% CI: 0.732-0.967).

[Insert Table 5]

Drug Interactions and 30-day Hospital Readmissions
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For statistical purposes, drug—drug interactions between different ATC drug classes (49) were
operationalised as dichotomised variables (0 = no simultaneous use of drugs from both classes,

1 = simultaneous use of drugs from both classes) and added to the previous model. Drug class interactions
were selected based on a literature review, significant ORs, and expert opinions (51). The model
considered drug class interactions for the: 1) cardiovascular system * central nervous system,
gastrointestinal system, and metabolism * cardiovascular system; 2) gastrointestinal system and
metabolism * central nervous system; 3) cardiovascular system * anti-infectives; and 4) central nervous
system * anti-infectives. The analysis was carried out controlling for the basic model’s variables (Table
4), and the table reports the ORs for each additional unit of the statistically significant drugs in question,
as well as for significant drug interactions. Antiemetics and antinauseants were very strongly associated
with 30-day readmission (OR = 3.222; 95% CI: 1.844-5.630), as were drugs regulating the
gastrointestinal tract (OR = 1.428; 95% CI: 1.169-1.744) and systemic hormones (OR = 1.210; 95% CI:
1.054-1.390). The joint intake of beta-blocking agents and drugs for acid-related disorders was
significantly associated with 30-day hospital readmission (OR = 1.367; 95% CI: 1.046—1.788); this is the
only significant drug interaction in Table 4. On the contrary, lipid-modifying agents were associated with
lower 30-day hospital readmission (OR = 0.838), as were substances acting on the renin—angiotensin
system (OR = 0.892; 95% CI: 0.796-0.999) (Table 6).

[Insert Table 6]

Discussion

The present study examined the records of 20,422 separate hospitalisations involving polymedicated
home-dwelling older patients, eventually discharged home, for the prevalence of 30-day hospital
readmission. These records were held in four years of an exhaustive hospital register. The 13,802
individual older patients identified showed a 30-day hospital readmission rate of almost 8%,
corroborating previously published all-cause hospital readmission rates among home-dwelling older
patients (9, 27). However, Jencks et al. (2009) found a much higher 30-day readmission prevalence,
reaching almost 20% among discharged older patients who had been hospitalised in acute medicine and
surgery wards (3). As a bivariate association, multimorbid men were at a significantly higher risk of
readmission than multimorbid women; however, in the adjusted multivariate analysis that significance
disappeared. Medical conditions, PP and multiple classes of prescribed drugs were all associated with
higher 30-day readmission rates, in line with previous studies (27, 52-54).

Our study found no significant differences in the risks of 30-day hospital readmission for men and
women. However, some previous research found that men were more likely to forget to take their drugs
or to not apply the changed drug dosages prescribed by their family physician, consequently increasing
their risk of hospital readmission for drug-related problems (55). Opposite results were found in a
population-based study by Manteufel et al.(56), with women being less likely than men to properly
adhere to their drug prescriptions. These differences may indicate a need for more personalised drug
prescription and drug management to improve clinical outcomes. Further research should explore

associations between different types of drugs and sex (56, 57), but this topic was beyond the present
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study’s scope. Another interesting issue regarding sex differences in hospital readmission rates is the
study window. Some studies found higher rates among men than among women below three-month
readmissions. More extended time windows (e.g. one year) revealed no significant sex differences (52,
58). An analysis of our dataset using a more extended readmission window might clarify this point and
provide complementary knowledge about sex-associated hospital readmissions.

Our results indicated that ageing was not a risk factor for increased 30-day hospital readmission, in line
with some previous publications (53, 59). However, other research findings demonstrated that age was
only positively associated with the likelihood of readmission up to 74 years old; above that, there no
longer appeared to be any significant relationship between age and readmission (60, 61). These
contrasting results may be explained by the studies’ designs, country settings, the ages of their research
populations or the medical conditions included (53, 60, 62).

Longer hospital stays were also associated with a higher risk of hospital readmission, in line with a cohort
study by Sud et al. concluding that an extended hospital LOS was associated with increased rates of all
types of readmission, except for hospitalisation after heart failure, where a short LOS was associated with
increased rates of readmission for cardiovascular disease and heart failure (63).

Our results indicated a significant positive association between the number of a patient’s medical
conditions and the 30-day hospital readmission rate, confirming other recent retrospective hospital
register studies (64, 65). More specifically, older patients with impaired mobility showed an increased
risk of hospital readmission. This result was not surprising, bearing in mind that although these older
patients were discharged home—and not to a nursing home—after their hospital stay, their health status
might nevertheless require future readmission. Indeed, this corroborated publications about older patients
discharged after orthopaedic treatment or who had been initially admitted for heart failure, myocardial
infarction or pneumonia, but also presented with impaired mobility (66, 67).

Cognitive impairment was not associated with increased 30-day hospital readmission rates, in line with
findings from the systematic review by Pickens et al., which pointed out that dementia had a modest
impact on readmission rates (68). It was no surprise that inpatients hospitalised for cancer faced a high
risk of readmission, corroborating prior studies by Buhenn ef al., Chang et al. and Butcher (69-71).

PP significantly increased the 30-day hospital readmission rate, but this result was based on the average
number of drugs prescribed to the sample of readmitted patients versus those not readmitted. Although PP
was confirmed as a strong determinant of 30-day hospital readmission in publications by Leendertse et al.
(72, 73), our results showed a progressive linear relationship between PP and readmission rate, and this
should be interpreted with caution. Despite our results and other publications and research underlining the
challenge of PP among multimorbid older patients, there is no overall consensus about the best way to
deal with the broad general relationship between PP and hospital readmission (74).

Our advanced statistical analysis demonstrated that some specific drugs and the concomitant use of
specific drug combinations were significantly associated with 30-day readmission risk, although this was
not unexpected and has been confirmed in previous publications (37, 75). Mostly in line with the research
findings of Zhang et al., drugs including hormones, antineoplastics, immunosuppressors, neoplastic

antibiotics and bacterial vaccines were substantial risk factors for hospital readmission (7).
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In summary, extended hospital LOS, functional impairments, medical conditions and drugs have been
demonstrated to be determinants of 30-day hospital readmission, although not all of them have clinically
or pharmacologically relevant interpretations or explanations. Further research involving large samples is
needed, notably to explore the drug—drug interactions with the highest risk of hospital readmissions.
Statistical predictions of potential drug—drug interactions provide important information for modeling
drug combinations and identifying pairs of drugs whose combination creates an exaggerated response (9).
As the association between the number of drugs and the prevalence of hospital readmission was linear,
more advanced inferential statistics would be needed to clarify a cut-off point for the mean number of
drugs that would significantly increase the readmission rate. In addition, problems involving adherence to
prescriptions, social support networks, and stronger or weaker primary health-care structures can all
influence hospital readmission rates (39). According to some publications, nearly 70% of people aged
over 65 make mistakes with their drugs (76, 77). Information about drug adherence, drug underuse and
overuse, drug changes and deprescription by family physicians, as well as medication management at
home would contribute to a more comprehensive understanding of disease- and drug-related 30-day

hospital readmissions.

Strengths and Limitations

This study’s main strength was its use of comprehensive and recorded data from an exhaustive register.
We consider this retrospective study useful for clinical practice and future research because a whole series
of sociodemographic and clinical parameters, medical conditions and prescribed drugs were used to
predict the probability of hospital readmission. Using both bivariate and multivariate analyses enabled an
evaluation of the data’s longitudinal nature.

Our study had several limitations, nevertheless. The design did not allow us to identify hospitalisations
and readmissions lost-to-follow-up and to adjust our data for death. We were also unable to identify
unnecessary hospitalisations or any bias towards hospitalisation rather than another health-care solution
among participants. Our dataset could not inform us about whether older inpatients had been first
admitted to another hospital or were subsequently readmitted elsewhere during the study period. Another
limitation was the study’s lack of formal screening methods to explain ADEs in detail, and it was
impossible to distinguish between elective and urgent hospitalisations. Although the study considered
statistical associations between drugs and rehospitalisations, it did not use clinically diagnosed drug—drug
interactions. Finally, we were unable to consider any potential causality between PP and hospital

readmission.

Conclusions

Hospital length of stay, medical conditions, functional impairments and prescribed drugs were all critical
factors in predicting hospital readmissions, thus affirming our hypotheses. Readmission patterns are
complex and poorly understood because older patients often present with multiple chronic conditions,

functional impairments and complex drug prescriptions. Hospital readmission is an under-investigated
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topic deserving of additional, well-conducted, predictive research exploiting accurate longitudinal data

from large samples.
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Figure 1. Relationship between 30-day readmission rate and the number of prescribed drugs at discharge.

Table 1. Descriptive statistics of drugs prescribed per patient (N = 13,802) at discharge based on the ATC

Classification System.

Drug classes based on the ATC Classification System
Min-Max | Mean (SD)

First level, anatomical main group

Blood and blood forming organs (B) 0-5 1.15 (0.86)

Dermatologicals (D) 0-3 0.04 (0.21)

Genitourinary system and sex hormones (G) 04 0.21 (0.47)

Systemic hormonal preparations, excl. sex hormones and insulins (H) 04 0.20 (0.46)
17
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Anti-infectives for systemic use (J) 04 0.24 (0.47)
Antineoplastic and immunomodulating agents (L) 0-5 0.05 (0.23)
Musculo-skeletal system (M) 0-3 0.15(0.39)
Antiparasitic products, insecticides and repellents (P) 0-2 0.02 (0.13)
Respiratory system (R) 0-7 0.28 (0.72)
Sensory organs (S) 0-6 0.10 (0.39)
Second level, therapeutic subgroup
Stomatological preparations (A01) 0-1 0.00 (0.06)
Drugs for acid-related disorders (A02) 0-3 0.56 (0.52)
Drugs for functional gastrointestinal disorders (A03) 0-3 0.07 (0.28)
Antiemetics and antinauseants (A04) 0-1 0.01 (0.08)
Bile and liver therapy (A05) 0-1 0.00 (0.05)
Drugs for constipation (A06) 0-3 0.15 (0.40)
Antidiarrhoeals, intestinal anti-inflammatory/anti-infective agents (A07) 0-2 0.03 (0.18)
Digestives, incl. Enzymes (A09) 0-2 0.02 (0.13)
Drugs used in diabetes (A10) 0-5 0.26 (0.63)
Vitamins (Al11) 0-4 0.15 (0.44)
Mineral supplements (A12) 0-3 0.29 (0.51)
Other alimentary tract and metabolism products (A16) 0-1 0.00 (0.05)
Cardiac therapy drugs (C01) 04 0.14 (0.42)
Antihypertensives (C02) 0-2 0.02 (0.17)
Diuretics (C03) 0-3 0.27 (0.53)
Peripheral vasodilators (C04) 0-1 0.00 (0.06)
Vasoprotectives (C05) 0-3 0.02 (0.14)
Beta-blocking agents (C07) 0-2 0.46 (0.51)
Calcium channel blockers (C08) 0-2 0.16 (0.37)
Agents acting on the renin-angiotensin system (C09) 0-3 0.64 (0.62)
Lipid modifying agents (C10) 0-3 0.43 (0.52)
Anaesthetics (NO1) 0-1 0.00 (0.05)
Analgaesics (N02) 0-7 1.02 (0.91)
Antiepileptics (N03) 0-5 0.11 (0.35)
Drugs for Parkinson’s disease (N04) 0-5 0.04 (0.24)
Psycholeptics (NO5) 0-6 0.53 (0.73)
Psychoanaleptics (N06) 0-3 0.20 (0.44)
Other nervous system drugs(N07) 0-3 0.03 (0.19)
Total number of drugs 5-30 8.95 (3.24)

Table 2. Prevalence of hospital 30-day readmissions at different periods for different age groups

(N =13,802).
Variables 30-day h‘os‘p ital p-value
readmission
Complete sample 7.8%
Sex *
Women vs men 7.3% vs 8.2%
Year-end age, in years NS
65-69 7.5%
70-79 7.6%
80-89 8.4%
>90 6.4%
Mobility cluster: NS
Preserved mobility vs impaired mobility 7.6% vs 8.5%
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Activities in daily living (ADL): NS
Full ADL ability vs impaired ADL 7.8% vs 7.2%

Cognitive status: NS
Preserved cognitive status vs cognitive impairment 7.8% vs 7.9%

ICD-10 diagnosis: circulatory problems ok
No vs Yes 8.2% vs 6.5%

ICD-10 diagnosis: infection NS
No vs Yes 7.7% vs 9.9%

ICD-10 diagnosis: respiratory problems NS
No vs Yes 7.8% vs 8.0%

ICD-10 diagnosis: trauma ok
No vs Yes 8.0% vs 5.8%

ICD-10 diagnosis: tumour Hokk
No vs Yes 6.9% vs 15.1%

Number of ICD-10 conditions ok
1 1.5%
2 4.9%
3 3.6%
4 4.8%
5 8.8%

Number of surgical procedures (CHOP) *
0 7.7%
1 7.8%
2 7.0%
3 7.3%
4 7.1%
5 9.7%

Year: 2015-2018 NS
2015 8.3%
2016 8.0%
2017 8.0%
2018 6.8%

623 Note. * =p <0.05; ** = p <0.01; *** = p <(0.001; NS = non-significant

624

625 Table 3. Prevalence of readmission for different classes of drugs based on the ATC (N = 13,802).

Page 20 of 38

3(10"1.”. 30-day
D - v readmission -
Drug class Wlth.NO . with drugs in VleJlue
drugs in this this class
class
First level, anatomical main group
Blood and blood-forming organ drugs (B) 7.1% 8.0% NS
Dermatologicals (D) 7.7% 9.4% NS
Genitourinary system and sex hormones (G) 7.7% 8.3% NS
Systemic hormonal preparations, excluding sex hormones and insulins (H) 7.4% 9.5% ok
Anti-infectives for systemic use (J) 8.0% 7.2% NS
Antineoplastic and immunomodulating agents (L) 7.6% 12.6% ok
Drugs for the musculo-skeletal system (M) 8.0% 6.5% *
Antiparasitic products, insecticides, and repellents (P) 7.8% 6.6% ok
Respiratory system drugs (R) 7.4% 9.9% ok
Sensory organ drugs (S) 7.8% 8.4% NS
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1
2
3
4 Second level, therapeutic subgroup
3 Stomatological preparations (A01) 7.8% 12.2% NS
g Drugs for acid-related disorders (A02) 7.0% 8.5% oAk
8 Drugs for functional gastrointestinal disorders (A03) 7.4% 13.4% ok
9 Antiemetics and antinauseants (A04) 7.7% 27.7% oAk
10 Bile and liver therapy drugs (A05) 7.8% 14.3% NS
11 Drugs for constipation (A06) 7.3% 10.8% ok
12 Antidiarrhoeals, intestinal anti-inflammatory/anti-infective agents (A07) 7.7% 12.9% ok
13 Digestives, including enzymes (A09) 7.8% 10.0% NS
14 Drugs used in diabetes (A10) 7.4% 9.5% ok
15 Vitamins (A11) 7.5% 9.9% ok
16 Mineral supplements (A12) 7.4% 8.8% *x
17 Other alimentary tract and metabolism products (A16) 7.8% 6.3% NS
18 Cardiac therapy (CO01) 7.6% 8.9% NS
19 Antihypertensives (C02) 7.7% 14.1% oAk
20 Diuretics (C03) 7.2% 9.8% ok
21 Peripheral vasodilators (C04) 7.8% 15.2% NS
22 Vasoprotective drugs (C05) 7.8% 9.8% NS
23 Beta-blocking agents (C07) 7.1% 8.6% ok
24 Calcium channel blockers (C08) 7.7% 8.6% NS
25 Agents acting on the renin-angiotensin system (C09) 8.7% 7.1% ok
26 Lipid-modifying agents (C10) 8.3% 7.1% HE
27 Anaesthetics (NO1) 7.8% 18.8% *
28 Analgaesics (N02) 7.8% 7.8% NS
29 Antiepileptics (N03) 7.7% 9.0% NS
2(1) Drugs for Parkinson’s disease (N04) 7.8% 6.9% NS
32 Psycholeptics (NO5) 6.8% 9.3% oAk
33 Psychoanaleptics (N06) 7.8% 7.7% NS
34 Other nervous system drugs (NO7) 7.9% 5.1% NS
35 626  Note. * =p <0.05; ** =p <0.01; *** = p <0.001; NS = non-significant
36 627
37
38 628 Table 4. Baseline, multilevel, logistic regression model using 30-day readmission (0 = no; 1 = yes) as the
i g 629 dependent variable associated with independent sociodemographic, LOS, and clinical variables

= 13,802 observations for 8, ifferent participants).
41 630 (N =13,802 ob ions for 8,878 diff: ici )
42 Variables 0dds P>z 95% CI 4
43 Ratio?
44 Sex 1.079 0.285 0.938-1.242
22 Year-end age, in years 0.999 0.878 0.990-1.009
47 Hospital length of stay (LOS), in days 1.014 0.000 1.006-1.021
48 Mobility cluster ! 1.218 0.015 1.039-1.427
gg Dependency in the activities of daily living! 0.794 0.248 0.537-1.174
51 Mental health status! 0.992 0.966 0.687-1.433
52 CIM 1 diagnosis: circulatory problems 2 0.938 0.491 0.783-1.124
52 CIM 1 diagnosis: infection 2 1.381 0.078 0.964-1.977
g 5 CIM 1 diagnosis: respiratory problems 2 1.100 0.414 0.875-1.382
56 CIM 1 diagnosis: trauma 2 0.847 0.265 0.633-1.134
57 CIM 1 diagnosis: tumour 2 2.538 0.000 2.089-3.082
gg Number of CIM 1.419 0.000 1.282-1.572
60
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Number of CHOP 0.978 0.304 0.938-1.020
Number of drugs 1.043 0.000 1.028-1.058
Year: 2015 to 2018 0.933 0.022 0.880-0.990
Intercept 0.027

Note. 1: 0 = good state, 1 = impairment; 2: 0 = no, 1 = yes; 3: adjusted Odds ratio; 4:

Table 5. Multilevel logistic regression model results for the drugs prescribed to older patients at discharge

home that had significant predictive values (odds ratios) for 30-day hospital readmission (controlled for

variables in the baseline model: Table 4) (N = 13,802 observations for 8,878 different participants).

Variables Od.d Sl p>z 95% CI 2
ratio

First level, anatomical main group
Blood and blood-forming organs drugs (B) 1.089 0.041 1.003-1.181
Systemic hormonal preparations, excluding sex hormones and insulins 1.207 | 0.007 1.052-1.385
(H)
Respiratory system drugs (R) 1.146 0.003 1.046-1.254

Second level, therapeutic subgroup
Drugs for functional gastrointestinal disorders (A03) 1.424 0.001 | 1.166-1.739
Antiemetics and antinauseants (A04) 3.216 0.000 | 1.842-5.617
Drugs for constipation (A06) 1.195 0.018 | 1.031-1.386
Drugs used in diabetes (A10) 1.125 0.021 | 1.018-1.243
Vitamins (Al11) 1.201 0.008 | 1.049-1.374
Antihypertensives (C02) 1.771 0.000 | 1.287-2.438
Diuretics (C03) 1.149 0.024 | 1.018-1.296
Beta-blocking agents (C07) 1.156 0.040 | 1.007-1.327
Lipid-modifying agents (C10) 0.841 0.015 | 0.732-0.967
Psycholeptics (NO5) 1.130 0.009 | 1.031-1.238

Note. 1 = adjusted odds ratio; 2 = CI or Confidence Interval

Table 6. Drugs and drugs interactions from ATC classes A and B with a significant risk of 30-day

hospital readmission (controlled for variables in the baseline model: Table 4) (N = 13,802 observations

for 8,878 different participants).

Variables Od.d sl p>z 95% CI 2
ratio
First level, anatomical main group
Blood and blood-forming organ drugs (B) 1.089 0.040 | 1.004-1.182
Systemic hormonal preparations, excluding sex hormones and 1.210 0.007 | 1.054-1.390
insulins (H)
Respiratory system drugs (R) 1.149 0.003 | 1.049-1.258
Second level, therapeutic subgroup
Antiemetics and antinauseants (A04) [3222 ] 0.000 | 1.844-5.630
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Drugs for functional gastrointestinal disorders (A03) 1.428 0.000 | 1.169-1744
Beta-blocking agents (C07) and drugs for acid-related disorders 1.367 0.022 | 1.046-1.788
(A02)

Drugs for constipation (A06) 1.199 0.017 | 1.033-1.392
Agents acting on the renin-angiotensin system (C09) 0.892 0.049 | 0.796-0.999
Lipid-modifying agents (C10) 0.838 0.013 | 0.729-0.964

645  Note. 1: adjusted odds ratio; 2: CI = Confidence Interval
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Figure 1. Relationship between 30-day readmission rate and the number of prescribed drugs at discharge.
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ABSTRACT

Introduction Optimal medication management is one of
the basic conditions necessary for home-dwelling older
adults living with multiple chronic conditions (OAMCC)

to be able to remain at home and preserve their quality

of life. Currently, the reasons for such high numbers of
emergency department visits and the very significant rate
of hospitalisations for OAMCC, due to medication-related
problems (MRPs), is poorly explored. This study aims to
reveal the current state of the medication management
practices of polymedicated, home-dwelling OAMCC and
to make proposals for improving clinical and medication
pathways through an innovative and integrated model

for supporting medication management and preventing
adverse health outcomes.

Methods and analysis A mixed-methods study will
address the medication management of polymedicated,
home-dwelling OAMCC. Its explanatory sequential design
will involve two major phases conducted sequentially over
time. The quantitative phase will consist of retrospectively
exploiting the last 5 years of electronic patient records from
a local hospital (N ~ 50 000) in order to identify the different
profiles—made up of patient-related, medication-related
and environment-related factors—of the polymedicated,
home-dwelling OAMCC at risk of hospitalisation, emergency
department visits, hospital readmission (notably for MRPs),
institutionalisation or early death. The qualitative study will
involve: (a) obtaining and understanding the medication
management practices and experiences of the identified
profiles extracted from the hospital data of 0OAMCC who
will be interviewed at home (N = 30); (b) collecting and
analysing the perspectives of the formal and informal
caregivers involved in medication management at home in
order to cross-reference perspectives about this important
dimension of care at home. Finally, the mixed-methods
findings will enable the development of an innovative,
integrated model of medication management based on the
Agency for Clinical Innovation framework and Bodenheimer
and Sinsky’s quadruple aim.

Ethics and dissemination Ethical approval has been
obtained from the Human Research Ethics Committee

of the Canton Vaud (2018-02196). Findings will be
disseminated in peer-reviewed journals, professional
conferences and other knowledge transfer activities with
primary healthcare providers, hospital care units, informal
caregivers’ and patients’ associations.
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Strengths and limitations of this study

» This mixed methodology will rely on a closely coor-
dinated combination of methods and on the utilisa-
tion of valuable existing data underexploited to date
(patients’ electronic hospital records and Resident
Assessment Instrument-Home Care (RAI-HC) data).

» The investigation draws on an interprofessional and
interdisciplinary approach, which associates gen-
eral practitioners, community healthcare nurses,
pharmacists and researchers in health psychology,
old age psychiatry, nursing and survey methodology.

» Our findings will contribute to the development of an
evidence-based and innovative, cooperative mod-
el of medication management for polymedicated,
home-dwelling older adults with multiple chronic
conditions.

» Although patients’ electronic hospital records and
RAI-HC data provide a broad range of patient-re-
lated, medication-related and environment-related
information, they rarely highlight factors that may
influence the occurrence of medication-related
problems.

INTRODUCTION
The number of older adults living at home
with multiple chronic conditions (OAMCC)
rises considerably around the world and has
been estimated to affect 25.2% of people
aged from 65 to 79% and 41.3% of those aged
80 and over." Multiple chronic conditions is
a comprehensive concept used to properly
cover the diverse definitions of multimor-
bidity* > and therefore the complexity of
older adults’ health statuses. The concept
encompasses the simultaneous presence of
an individual’s diseases and their chronic
physical, mental or behavioural health prob-
lems requiring ongoing management over
years or decades.”

These long-term health conditions require
taking multiple medications,” known as
polypharmacy (PP) when the daily intake
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corresponds to five or more medicines.® PP places older
adults at higher risk of medication-related problems
(MRPs), including adverse medication reactions, medica-
tion errors and potentially inappropriate medications.”®
Potentially inappropriate medications are the intake of
medicines for which the associated risks outweigh the
potential benefits, particularly when more effective alter-
natives are available.” Consequently, MRPs can lead to
a degradation of the patient’s clinical condition, phys-
ical and cognitive decline, an exacerbation of chronic
medical conditions and avoidable health costs.'"’ "' More-
over, up to 25% of emergency department visits by home-
dwelling OAMCC are due to MRPs."” However, 60% of
MRPs in patients visiting the emergency department with
non-specific complaints (such as weakness) may go undi-
agnosed, whereas 83% of those MRPs may be responsible
for acute morbidity.'"” MRPs are also a frequent cause
of readmission, and they were the most frequent cause
in one study that followed older patients for 6 months
after hospital discharge.'” Care-coordination problems,
associated with low or suboptimal medication manage-
ment, are all the more evident in the sensitive period of
discharge home from hospital."' ' The complexity of
OAMCC’s care needs leads them to be significant users
of health services and to consult many different health-
care professionals.'* The number of healthcare profes-
sionals consulted by home-dwelling OAMCC has been
directly associated with fragmented and uncoordinated
care."”” Moreover, different healthcare professionals may
have different treatment preferences. Failure to coordi-
nate care among home-dwelling OAMCC contributes to
MRPs."?

In addition to the role of healthcare professionals in
medication management, informal caregivers play a vital
role in ensuring safe and appropriate medication use by
home-dwelling OAMCC, especially among those who may
also have cognitive impairment.'>™” Despite the important
role of informal caregivers in medication management,
several complications to do with their activities have been
documented in relation to the time spent, anxiety making
a mistake and the uncooperative behaviour of the home-
dwelling OAMCC."® They are also confronted with diffi-
culties in maintaining continuous supplies of medication,
assisting with administration, making clinical judgements
(eg, in response to side effects and about over-the-counter
medication), and solving conflictual communications or
disagreements with the older adult,'® or even with health-
care professionals, with regard to ineffective and addic-
tive medication practices.'” '®

Nonetheless, many MRPs are preventable.® '’ Studies
about medicine-related hospitalisations suggest that up to
58% may be preventable with appropriate primary care.
An essential strategy for medicine-related hospitalisations
prevention and medication safety is medication reconcil-
iation—the process of creating and maintaining a single
list of the patient’s current list of medications.”” This
process allows a systematic and comprehensive review
of all the medications the patient is taking, reducing
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medication errors by a consistent communication across
transitions of care.”!

Therefore, optimising medication management among
home-dwelling OAMCC requires regular monitoring of
MRPs, interprofessional collaboration across different
health and social care providers, organisations and depart-
ments'? and medication reconciliation at every transition
of care including changes in the clinical setting, practi-
tioner or level of care.”

Aim and objectives

This study’s aim is to document the current state of medi-
cation management practices of polymedicated, home-
dwelling OAMCC and to make proposals for improving
evidence-based clinical and medication pathways through
an innovative, integrated model intended to support
medication management and to prevent adverse health
outcomes related to MRPs (recurrent hospitalisation,
emergency department visits, institutionalisation in
nursing homes and early death). To achieve this aim,
three main objectives will guide this project:

The first objective is to carry out a retrospective analysis
of patients’ hospital records, their medication and envi-
ronmentrelated factors in order to identify those that
increase the risk of hospitalisation, emergency depart-
ment visits, hospital readmission (notably due to MRPs),
institutionalisation or early death, among home-dwelling
polymedicated OAMCC—factors that prevent OAMCC
from staying at home.

The second objective is to use a prospective qualitative
study to explore and better understand the medication expe-
riences and practices of home-dwelling OAMCC with different
profiles. We seek to identify the skills and strategies devel-
oped by them to manage polymedication within their
social contexts and health trajectories despite possible
cognitive impairment and particularly after a recent
hospitalisation.

The third objective is to better understand the roles and
coordination of the different caregivers involved in the medica-
tion management of home-dwelling OAMCC. We seek to inves-
tigate the perspectives of both professional caregivers
(community healthcare nurses, pharmacists, general
practitioners or specialist physicians) and non-profes-
sional/informal caregivers (family members, friends or
neighbours).

METHODS

Study design

To enable us to meet our objectives, a mixed-methods
study will address the medication management of poly-
medicated, home-dwelling OAMCC.* Two major phases
will be conducted sequentially from February 2019
to January 2022: a quantitative data collection phase
followed by a qualitative phase. The reasons for using
an explanatory sequential design are, first, that existing
data in electronic patient records from a local hospital
will enable us to identify profiles affected by similar

; .i:10.1136/bmj0pen-2019-030030
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patientrelated, medication-related and environment-re-
lated factors among the polymedicated, home-dwelling
OAMCC at risk of hospitalisation, emergency depart-
ment visits, hospital readmission (notably due to MRPs),
institutionalisation or early death. Second, the identi-
fied profiles extracted from the hospital data will allow
proceeding to a purposive sampling—of those polymed-
icated, home-dwelling OAMCC who present with more
risk factors—for the qualitative data collection focused
on medication management at home. Thus, the anal-
ysis of the results from the retrospective quantitative
phase will be integrated with the data collected from the
prospective qualitative phase. Finally, phase 3 will develop
a Medication Management Model based on interpreting
the quantitative and qualitative findings.

Phase 1: retrospective quantitative analysis

To fulfil the first objective, the purpose of the quantita-
tive phase is to identify the different profiles—made up of
patientrelated, medication-related and environment-re-
lated factors—of the polymedicated, home-dwelling
OAMCC at risk of hospitalisation, emergency department
visits, hospital readmission (notably for MRPs), institu-
tionalisation in nursing homes or early death (before the
average age of death described by the Organisation for
Economic Cooperation and Development in 2018).** A
systematic, retrospective chart analysis of the electronic
patient records from a local hospital over the last 4 years
using the evidence-based methodology developed by
Vassar and Holzmann will provide substantial clinical
information.” Motheral et als standardised extraction
sheets will be adapted to explore and assess the data of
older inpatients or emergency department-visiting home-
dwelling older adults.*® The 4-year analysis was selected
based on the availability of systematic, well-coded patient
data using the Swiss-Diagnostic Related Groups®’ and the
Swiss Classification of Surgical Interventions (CHOP).*®

Research population

All home-dwelling OAMCC with somatic and/or mental
health disorders who were hospitalised, rehospitalised
or who consulted the emergency department (for MRPs
or other reasons) at the partner hospital between 2015
and 2018 (estimated n=50 000) will be included. The esti-
mated sample of 50 000 older adults’ electronic inpatient
charts are part of the 40 000 yearly adult inpatients in
acute care units and more than 40 000 adult emergency
department consultations yearly at the partner hospital.
To explore generalisability, we will compare their sociode-
mographic and health status characteristics with those of
the national sample of hospitalised older adults in Swiss
hospitals for the same period.

Data collection

Data from the hospitalisation and emergency admissions
databases will be collected on patientrelated, medica-
tion-related and environmentrelated factors that could
have influenced the occurrence of MRPs that resulted in
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hospitalisation, rehospitalisation or emergency depart-
ment admission.

Patientrelated factors comprise sociodemographic
characteristics, the International Classification of Diseases
10th version (ICD-10) diagnostics (main diagnosis and
comorbidities), the Swiss Classification of Surgical Inter-
ventions (CHOP) category and the reason for hospi-
talisation, rehospitalisation or emergency department
admission. Supplementary filters will be added to discrim-
inate polymedication, multimorbidity (secondary ICD-10
diagnosis), physical and cognitive impairment docu-
mented in the clinical data files (Function Independence
Measure, Mini-Mental State Examination and Activities of
Daily Living).

Medication-related factors include the number, types
and changes in medication at admission, during hospital-
isation and at discharge.

Environmentrelated factors include the presence of
formal and/or informal caregivers, patient’s provenance
(rural or urban), hospital pathways (wards and even-
tual transfers), length of stay, readmissions (number of
admissions in the previous year, 30-day readmission and
unplanned readmission), discharge destination and,
potentially, death during hospitalisation. A unique patient
identification number will allow us to analyse rehospital-
isations via the emergency department during the period
from 2015 to 2018. Retrospective data collection began
in April 2019.

Data analyses

The data set of polymedicated, home-dwelling OAMCC
will be analysed using multivariate regression analysis,
in order to identify the patientrelated, medication-re-
lated and environment-related factors that can increase
the risk of hospitalisation, emergency department visits,
readmission (notably due to MRPs), institutionalisation
or early death. Furthermore, the profiles of polymedi-
cated, home-dwelling OAMCC hospitalised or visiting
the emergency department due to MRPs, and identified
via multicluster analysis, will serve to guide the qualita-
tive study and lead to a purposive sampling of polymedi-
cated, home-dwelling OAMCC presenting with more risk
factors. A draft of the cluster analysis strategy is available
as an online supplementary file.

Phase 2: prospective patient-centred qualitative analysis

To meet the second and third objectives, a qualitative
investigation, based on purposive sampling, will draw on
work done in a feasibility study.” This qualitative inves-
tigation will consist of collecting and understanding
the medication practices and experiences of OAMCC
presenting with the risk factors identified in the first
phase. The focus will be on identified OAMCC who were
recently hospitalised and are at risk of hospital readmis-
sion. The older adult will be interviewed at home on two
separate occasions. This methodology is a way to analyse
changes in their medication practises and their experi-
ences following their recent hospitalisation. The data
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collection tools include a walking-interview” based on
a medication journal and household photographs of
where medication is stored. This allows us to focus on the
tangible practices of OAMCC and contextualises them
within the private space of their daily lives.

To discriminate the older adults’ health profile, we
will use the Resident Assessment Instrument-Home Care
(RAI-HC) introduced by the Swiss Association for Home
Care Services for all home care services in 2004. Based on
a comprehensive geriatric assessment, the RAI-HC both
allows for the establishment of an individualised care
plan and generates quality indicators, plans resource use,
optimises the medication management process by moni-
toring and documenting the number and types of medi-
cation and the persons involved in preparing medication,
and regularly assesses adherence to the medication
prescribed.”’ This instrument will provide information
on the patientrelated, medication-related and environ-
mentrelated factors which may influence the occurrence
of MRPs, and it will be used to recruit OAMCC at risk of
or already presenting with MRPs.

Furthermore, we will also collect and analyse the
perspectives of the formal and informal caregivers
involved in medication management at home to cross-ref-
erence perspectives about this important dimension of
care at home.

Research population

The profiles of the polymedicated OAMCC hospitalised/
rehospitalised or consulting the emergency department,
as identified in the retrospective investigation, will be
used to select participants for the qualitative investiga-
tion. A theoretical, purposive sampling will be carried
out. Based on Guest et al, the principal investigator will
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recruit about 30 polymedicated OAMCC (until saturation
of data), all recently hospitalised (within the last 90 days)
and at risk of hospital readmission.” For each OAMCC
participant, an informal caregiver will also be integrated
into the investigation. We defined informal caregivers
as any family member, neighbour or friend assisting a
dependent older adult with certain activities in their daily
life. That assistance, help, care or physical presence must
be given on a regular basis, for at least two basic activi-
ties or instrumental activities of daily living or to ensure
patient safety, and for 6 months or more.*® The informal
caregiver will be included in the study if the recruited
older adult identifies that person as being significant in
their medication management and if they give informed
written consent to participate.

Furthermore, a formal caregiver will be integrated
into the investigation for each participant. Professional
caregivers are those employed to provide professional
healthcare services (ie, nurses, nursing assistants, general
practitioners, pharmacists and social workers). They will
be included in the study if the recruited OAMCC identi-
fies them as the professional most involved in their medi-
cation management.

Table 1 presents the specific inclusion/exclusion
criteria for each group of participants.

Participant recruitment

Polymedicated, home-dwelling OAMCC will be recruited
via two paths so that all of the participants meet the eligi-
bility criteria and fit corresponding profiles established in
the quantitative phase. Some OAMCC will be receivers of
care from Community Healthcare Centres and others will
be functioning without that day-to-day support.

Table 1 Phase 2 inclusion and exclusion criteria

Participants Inclusion criteria

Exclusion criteria

OAMCC » Aged 65 or above
» Man or woman
» Hospitalised within the last 90 days
>

» Not able to speak and understand
French

Managing at least five different
medications (prescribed and over-the-
counter medications explored during

recruitment)

» Suffering from multiple chronic

conditions®

» Living alone or in a couple, in a rural or

urban area

» With or without support from a
Community Healthcare Centre

Informal caregiver » Designated by the OAMCC as the
most significant informal caregiver

» Not able to speak and understand
French

involved in medication management

» Aged 18 or above

Professional caregiver » Designated by the OAMCC as having a » Student

key role in medication management

» Apprentice

OAMCGC, older adults living with multiple chronic conditions.
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» For OAMCC who do not receive support from a
Community Healthcare Centre, recruitment will be
based on variables in their patient files and carried
out in collaboration with different nursing depart-
ments from the partner hospital.

» For OAMCC who do receive support from a Commu-
nity Healthcare Centre, recruitment will be based
on the clinical and health data documented in the
RAI-HC and carried out in collaboration with commu-
nity healthcare nurses from Sion Community Health-
care Centre.

Research nurses partnering the project, from a hospital
or a Community Healthcare Centre, will briefly explain
the study to the patient. Potential participants will be
asked for permission to give their name to the researchers.
The principal investigator will contact the older adult by
telephone during the week following hospital discharge
and ask for their agreement to participate in the study.
In case of agreement, a first meeting will be organised at
the older adult’s home in the next few days. Participant
recruitment will start in October 2019.

Data collection from OAMCC

During the first home meeting with the OAMCC, the
principal investigator will provide all the study details and
will suggest two semistructured interviews, each lasting
about an hour, starting on the first meeting and spaced
2-3 weeks apart. According to participants’ levels of tired-
ness, it may be necessary to subdivide the interviews. The
older adult will be invited to sign the informed written
consent form, allowing the researcher to collect sociode-
mographic and health data (RAI-HC and the patient’s
hospital records). Eligible home-dwelling OAMCC from
both recruitment paths will be screened using the RAI-HC
Minimal Data Set (MDS), which includes information on
polymedication (section P), multiple chronic conditions
(sections J and K) and recent hospitalisation (section Ac).
Research team members trained on the RAI-HC will also
carry out this evaluation for participants who do not have
an RAI-HC. The following multidimensional clinical data
will be retrieved from the RAI-HC MDS: cognitive status,
hearing, vision, mood status, functional and physical
status, continence, healthcare problems and nutritional
state. The MDS will aid interviews with OAMCC and the
exploration of the facilitators and barriers to daily medi-
cation management.

The first semistructured interview will collect the
perspectives of OAMCC with regard to their medi-
cation management, the return home, information
received about their treatment and its possible modifi-
cations, whether their opinions and preferences were
taken into account in the prescription of medications,
and the informal and professional caregivers involved.
OAMCCGs will be interviewed alone or with an informal
caregiver, if necessary. The principal investigator will
then ask the participant to complete a week-long medi-
cation journal,” * either alone or with the help from
informal or professional caregivers, emphasising that any

information on daily medication routines is helpful, even
if the OAMCC feels unable to complete the journal for
the full 7 days. The instructions will mention the impor-
tance of noting all the medicines taken—those prescribed
by general practitioners or specialist physicians, but also
any others taken at their own initiative (over-the-counter
medications). Participants will be asked to note their
perceptions of and satisfaction with their treatment in
a week-long medication journal. This will provide infor-
mation on the daily routines associated with the partici-
pant’s medication and will form the basis of the second
interview.

The second interview will be based on the participant’s
medication journal and will take the form of a walking-in-
terview’® using household photographs.”™ The principal
investigator will ask the participant to explain their medi-
cation practises while pointing out the locations within
their home where drugs are stored, prepared and taken.
The hypothesis underlying this methodology is that the
physical presence of drugs promotes discussion.” ** We
will identify and photograph, with the participants’ agree-
ment, the places where medication, contact details for
medical professionals and other information are stored
as well as the locations of any other objects involved in
daily care practises. The collection and analysis of photo-
graphs provide a better understanding of the complexity
of medication management in home settings. They help
to capture the interviewee’s concerns or strategies when
they are pointed out to the interviewer. The interview
guide will also investigate the issue of self-medication in
order to reveal the extent and influence of this practice.

Data collection from informal caregivers

Sociodemographic data and information related to medi-
cation management will be collected. When possible and
appropriate, ajoint third interview™ with the OAMCC and
their principal informal caregiver’* will be organised at
the older adult’s home 1-2 weeks after the walking inter-
view. This type of interview provides access to the inter-
actions between OAMCC and their informal caregivers
with regard to medication management. We hypothesise
that the main informal caregiver is deeply involved in the
older adult’s experience of medication management, but
the caregiver’s ideas about this may be similar to, overlap-
ping with or different from those of an OAMCC.

Data collection from professional caregivers

A semistructured interview of about 1 hour will be
conducted with a professional caregiver in order to
explore their point of view on the OAMCC’s medication
management and other issues associated with the return
home after hospitalisation. In agreement with the proj-
ect’s field partners and stakeholders, these interviews
will take place in professionals’ workplaces (Community
Healthcare Centre, medical practice office or pharmacy),
during working hours, 1-2 weeks after the interview with
the OAMCC and their informal caregiver.
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Qualitative data analyses

A database will be prepared using the RedCap software
platform to record and store the participants’ sociodemo-
graphic, health and interview data. Information on their
health statuses will be collected using the RAI-HC data
and will be analysed using the IBM-Statistical Package for
Social Sciences V.25.0.

Data collected via the interviews will be examined
according to an analytical plan that integrates and
compares two different methods. First, thematic content
analysis,"” *' using NVivo V.12 software, will be used to
identify the themes emerging from the data, and this will
provide a rich, detailed account of the data set. Themes
will be compared by different members of the analysis
team until a consensus is reached. Second, lexicometric
analysis, using Iramuteq software—a technique derived
from the Alceste method*—will allow a very fine explo-
ration, both within each interview and across the whole
corpus of interviews, of the structures underlying the
discourse. Each older adult’s medication journal will be
analysed and categorised according to the same prin-
ciples as the interviews. The data collected from these
documents will be put into perspective by the analysis
of the interviews. In the final data analysis, links will be
made between the interviews, the medication journal, the
older adult’s RAI-HC data and the photos of the medi-
cines’ locations.

Phase 3: development of a medication management model
Connecting retrospective and prospective findings,
using an explanatory sequential design and participants’
different perspectives, will contribute to a deep under-
standing of the current state of medication management
practices of polymedicated, home-dwelling OAMCC. This
mixed-methods study corresponds to the ‘diagnostic’
phase of the process of developing a Model of Care, as
presented by the Agency for Clinical Innovation (ACI).*
It will guide the ‘solution design’ phase—the next step
in the creation of an innovative, integrated model for
supporting medication management and preventing
adverse health outcomes. In addition to the ACI’s
framework, the development of a proposed Medication
Management Model will consider the quadruple aim of
enhancing the patient’s experience, improving popula-
tion health, reducing costs and improving the working
lives of healthcare providers.**

Finally, our mixed-methods research findings will be
completed with those of an ongoing systematic review of
Medication Management Models.*’

The study phase outcomes are summarised in table 2.

Patient and public involvement

This study and the feasibility study on which it is based
were developed in collaboration with representatives from
a Community Healthcare Centre, a regional hospital,
medical and pharmacy associations and an informal care-
givers association. They shared their expertise on the
study’s relevance and the feasibility of data collection with
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Table 2 Outcomes for each study phase

Phase 1
outcomes

Patient-related, medication-related and
environment-related factors which can increase
the risk of hospitalisation, emergency department
visits, hospital readmission (notably due to MRPs),
institutionalisation or early death.

Profiles of polymedicated, home-dwelling
OAMCC hospitalised or visiting the emergency
department due to MRPs based on the previously
identified patient-related, medication-related and
environment-related factors.

For OAMCC participants:

» Patient-related, medication-related and
environment-related factors for MRPs (defined
by phase 1’s outcomes) extracted from the
RAI-HC MDS and the patient’s electronic
hospital records (number and types of
medication, multiple chronic conditions, recent
hospitalisations, cognitive status, hearing,
vision, mood status, functional and physical
status, continence, healthcare problems and
nutritional state).

» Medication practices and experiences of
OAMCC following their recent hospitalisation,
facilitators/barriers to medication management,
informal and professional caregivers involved.

For informal caregivers:

» Sociodemographic profiles.

» Practices and experiences related to medication
management.

For professional caregivers:

» Sociodemographic and professional profiles.

» Role and perspectives on OAMCC medication
management.

» Coordination activities related to returning home
after hospitalisation.

Three first steps in the process of developing a

Model of Care*®:

» ‘Project initiation’.

» ‘Diagnostic’.

» ‘Solution design’ considering the quadruple
aim.

Proposals for the Medication Management Model’s

‘Implementation’ and ‘Sustainability’ steps*® to

support medication management and to prevent

adverse health outcomes related to MRPs.

Phase 2
outcomes

Phase 3
outcomes

MDS, Minimal Data Set; MRPs, medication-related problems;
OAMCC, older adults living with multiple chronic conditions;
RAI-HC, Resident Assessment Instrument-Home Care.

the research team. Patients’ priorities, experiences and
preferences, collected during the feasibility study, were
the drivers for the development of the research question
and outcome measures.

A steering committee will involve these different
actors at various stages in the project, both to contribute
to data collection and to provide their expertise to the
coconstruction of a Medication Management Model
and its future implementation. As regards data collec-
tion, the hospital’s medical informatics department will
provide the appropriate data based on a data extraction
protocol (phase 1) and the Community Healthcare
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Centre will help with OAMCC recruitment and access
to participants’ RAI-HC and professional caregivers
(phase 2).

Results will be disseminated to study participants
through presentations to associations of patients and
informal caregivers and at professional training sessions.

ETHICS AND DISSEMINATION

With the approval, the medical informatics department
of partner hospital will provide the appropriate data
for the retrospective phase based on a data extraction
protocol. Extracted data will be delivered and stored in
the ReDCap data platform via a secure coded data file. In
coherence with the Data Management Plan submitted to
the Swiss National Science Foundation, the collected data
will be securely stored for future research.

The autonomy of the participants will be respected.
Participation in the prospective phase in this research is
free. It will be possible for participants to refuse to record
the interview or to request the deletion of the recorded
data. Participating in a structured effort to understand
medication practises and the posthospital return home
experience can contribute to improvements in health
management in the community at large, and particularly
in the area of home support.

Findings will be disseminated in peer-reviewed jour-
nals, professional conferences and other knowledge
transfer activities with primary healthcare providers,
hospital care units, informal caregiver and patient
associations.
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The RECORD statement — checklist of items, extended from the STROBE statement, that should be reported in observational studies using

routinely collected health data.

Item | STROBE items Location in RECORD items Location in
No. manuscript where manuscript
items are reported where items are
reported
Title and abstract
1 (a) Indicate the study’s design RECORD 1.1: The type of data used Title
with a commonly used term in should be specified in the title or Abstract (lines 2-
the title or the abstract (b) abstract. When possible, the name of 8)
Provide in the abstract an the databases used should be included.
informative and balanced
summary of what was done and RECORD 1.2: If applicable, the Line 6
what was found geographic region and timeframe
within which the study took place Lines 118-121
should be reported in the title or
abstract.
RECORD 1.3: If linkage between Not applicable,
databases was conducted for the study, | only one hospital
this should be clearly stated in the title | register
or abstract.
Introduction
Background 2 Explain the scientific Lines 39-101
rationale background and rationale for the
investigation being reported
Objectives 3 State specific objectives, Lines 101-107
including any prespecified
hypotheses
Methods
Study Design 4 Present key elements of study Lines 110-114
design early in the paper
Setting 5 Describe the setting, locations, Lines 117-133
and relevant dates, including
periods of recruitment, exposure,
follow-up, and data collection
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Participants (a) Cohort study - Give the RECORD 6.1: The methods of study in press/
eligibility criteria, and the population selection (such as codes or | forthcoming
sources and methods of selection algorithms used to identify subjects) JMIR article:
of participants. Describe should be listed in detail. If this is not | https://www.ncbi.
methods of follow-up possible, an explanation should be nlm.nih.gov/pubm
Case-control study - Give the provided. ed/management/v
eligibility criteria, and the alidator/909A44E
sources and methods of case RECORD 6.2: Any validation studies | 74F70/citations/?s
ascertainment and control of the codes or algorithms used to tart=0
selection. Give the rationale for select the population should be
the choice of cases and controls referenced. If validation was conducted
Cross-sectional study - Give the for this study and not published
eligibility criteria, and the elsewhere, detailed methods and results
sources and methods of selection should be provided.
of participants
RECORD 6.3: If the study involved
(b) Cohort study - For matched linkage of databases, consider use of a | Not applicable,
studies, give matching criteria flow diagram or other graphical display | only one hospital
and number of exposed and to demonstrate the data linkage register
unexposed process, including the number of
Case-control study - For individuals with linked data at each
matched studies, give matching stage.
criteria and the number of
controls per case
Variables Clearly define all outcomes, RECORD 7.1: A complete list of codes | Lines 152-177

exposures, predictors, potential
confounders, and effect
modifiers. Give diagnostic
criteria, if applicable.

and algorithms used to classify
exposures, outcomes, confounders, and
effect modifiers should be provided. If
these cannot be reported, an
explanation should be provided.

and

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm
ed/management/v
alidator/909A44E
74F70/citations/?s
tart=0

Data sources/
measurement

For each variable of interest,
give sources of data and details

Lines 122-128
and
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of methods of assessment
(measurement).

Describe comparability of
assessment methods if there is
more than one group

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm
ed/management/v
alidator/909A44E
74F70/citations/?s
tart=0

Bias

Describe any efforts to address
potential sources of bias

Lines 180-200
and

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm
ed/management/v
alidator/909A44E
74F70/citations/?s
tart=0

Study size

10

Explain how the study size was
arrived at

Lines 141-144

Quantitative
variables

11

Explain how quantitative
variables were handled in the
analyses. If applicable, describe
which groupings were chosen,
and why

Lines 139-150
and

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm
ed/management/v
alidator/909A44E
74F70/citations/?s
tart=0
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Statistical
methods

12

(a) Describe all statistical
methods, including those used to
control for confounding

(b) Describe any methods used
to examine subgroups and
interactions

(c) Explain how missing data
were addressed

(d) Cohort study - If applicable,
explain how loss to follow-up
was addressed

Case-control study - If
applicable, explain how
matching of cases and controls
was addressed

Cross-sectional study - If
applicable, describe analytical
methods taking account of
sampling strategy

(e) Describe any sensitivity
analyses

Lines 180-200

Data access and
cleaning methods

RECORD 12.1: Authors should
describe the extent to which the
investigators had access to the database
population used to create the study
population.

RECORD 12.2: Authors should

Lines 118-122
and

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm

provide information on the data ed/management/v
cleaning methods used in the study. alidator/909A44E
74F70/citations/?s
tart=0
Linkage RECORD 12.3: State whether the in press/
study included person-level, forthcoming
institutional-level, or other data linkage | JMIR article:

across two or more databases. The
methods of linkage and methods of

https://www.ncbi.
nlm.nih.gov/pubm
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: linkage quality evaluation should be ed/management/v
5 provided. alidator/909A44E
3 74F70/citations/?s
4 tart=0

5

6 Results

; Participants 13 (a) Report the numbers of RECORD 13.1: Describe in detail the | Lines 142-143
9 individuals at each stage of the selection of the persons included in the

10 study (e.g., numbers potentially study (i.e., study population selection)

11 eligible, examined for eligibility, including filtering based on data

12 confirmed eligible, included in quality, data availability and linkage.

13 the study, completing follow-up, The selection of included persons can

14 and analysed) be described in the text and/or by

:2 (b) Give reasons for non- means of the study flow diagram.

17 participation at each stage.

18 (c) Consider use of a flow

19 diagram

20 Descriptive data | 14 (a) Give characteristics of study Lines 152-177
21 participants (e.g., demographic,

;g clinical, social) and information

2 on exposures and potential

25 confounders

26 (b) Indicate the number of

27 participants with missing data

28 for each variable of interest

29 (c) Cohort study - summarise

g? follow-up time (e.g., average and

32 total amount)

33 Outcome data 15 Cohort study - Report numbers Lines 142-144
34 of outcome events or summary

35 measures over time

36 Case-control study - Report

g; numbers in each exposure

39 category, or summary measures

40 of exposure

41 Cross-sectional study - Report

42 numbers of outcome events or

43 summary measures
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Main results

16

(a) Give unadjusted estimates
and, if applicable, confounder-
adjusted estimates and their
precision (e.g., 95% confidence
interval). Make clear which
confounders were adjusted for
and why they were included
(b) Report category boundaries
when continuous variables were
categorized

(c) If relevant, consider
translating estimates of relative
risk into absolute risk for a
meaningful time period

Lines 207-285

Other analyses

17

Report other analyses done—
e.g., analyses of subgroups and
interactions, and sensitivity
analyses

Lines 207-285

Discussion

Key results

18

Summarise key results with
reference to study objectives

Lines 289-294

Limitations

19

Discuss limitations of the study,
taking into account sources of
potential bias or imprecision.
Discuss both direction and
magnitude of any potential bias

RECORD 19.1: Discuss the

implications of using data that were not

created or collected to answer the

specific research question(s). Include
discussion of misclassification bias,
unmeasured confounding, missing
data, and changing eligibility over
time, as they pertain to the study being

reported.

Lines 369-378

Interpretation

20

Give a cautious overall
interpretation of results
considering objectives,
limitations, multiplicity of
analyses, results from similar
studies, and other relevant
evidence

Lines 294-361
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: Generalisability | 21 Discuss the generalisability Lines 349-355

5 (external validity) of the study

3 results

4 Other Information

5 Funding 22 Give the source of funding and Line 399

6 the role of the funders for the

; present study and, if applicable,

9 for the original study on which

10 the present article is based

11 Accessibility of . RECORD 22.1: Authors should in press/

12 protocol, raw provide information on how to access | forthcoming

13 data, and any supplemental information such as | JMIR article:

14 programming the study protocol, raw data, or https://www.ncbi.
12 code programming code. nlm.nih.gov/pubm
17 ed/management/v
18 alidator/909A44E
19 74F70/citations/?s
20 tart=0

21

22 *Reference: Benchimol El, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Serensen HT, von Elm E, Langan SM, the RECORD Working
Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement. PLoS Medicine 2015;
25 1npress.

27 *Checklist is protected under Creative Commons Attribution (CC BY) license.
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Abstract
Objectives: The present study analysed four years of a hospital register (2015-2018) to determine the
risks of 30-day hospital readmission associated with the medical conditions and drug regimens of
polymedicated, older inpatients discharged home.
Design: Registry-based cohort study.
Setting: Valais Hospital—a public general hospital centre in the French-speaking part of Switzerland.
Participants: We explored the electronic records of 20,422 inpatient stays by polymedicated, home-
dwelling older adults held in the hospital’s patient register. We identified 13,802 hospital readmissions
involving 8,878 separate patients over 64 years old.
Outcome measures: Sociodemographic characteristics, medical conditions and drug regimen data
associated with the risk of readmission within 30 days of discharge.
Results: The overall 30-day hospital readmission rate was 7.8%. Adjusted multivariate analyses revealed
increased risks of hospital readmission for patients with longer hospital lengths of stay (OR = 1.014 per
additional day; 95% CI: 1.006—1.021), impaired mobility (OR =1.218 ; 95% CI: 1.039-1.427),
multimorbidity (OR = 1.419 per additional ICD-10 condition; 95% CI: 1.282-1.572), tumoural disease
(OR =2.538; 95% CI: 2.089-3.082), polypharmacy (OR = 1.043 per additional drug prescribed; 95% CI:
1.028-1.058), and certain specific drugs, including antiemetics and antinauseants (OR = 3.216 per
additional drug unit taken; 95% CI: 1.842-5.617), antihypertensives (OR = 1.771; 95% CI: 1.287-2.438),
drugs for functional gastrointestinal disorders (OR = 1.424; 95% CI: 1.166—1.739), systemic hormonal
preparations (OR = 1.207; 95% CI: 1.052-1.385), and vitamins (OR = 1.201; 95% CI: 1.049-1.374), as
well as the concurrent use of beta-blocking agents and drugs for acid-related disorders (OR = 1.367;
95% CI: 1.046—-1.788). Conclusions: Thirty-day hospital readmission risks were associated with longer
hospital length of stay, health disorders, polypharmacy and drug regimens. The drug regimen patterns
increasing the risk of hospital readmission were very heterogeneous. Further research is needed to explore

hospital readmissions caused solely by specific drugs and drug—drug interactions.

Keywords: polypharmacy; odds ratio; logistic regression; hospital register; ATC Classification System;

adverse-drug events; hospital readmission.

Strengths and limitations of this study:

e The records of 20,422 hospitalisations involving 8,878 different polymedicated home-dwelling
older patients readmitted to hospital at least once were studied to determine the risks of 30-day
hospital readmission.

e The study included four years’ data from a comprehensive hospital register (2015-2018).

e A whole series of sociodemographic and clinical parameters, medical conditions and prescribed
drugs were used to predict the probability of hospital readmission.

e Analyses were correlational and causality was not explored.
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e  Although the study considered statistical associations between drugs and hospital readmissions,

it did not consider clinically diagnosed drug—drug interactions.

Introduction

Longitudinal studies have demonstrated that approximately 20% of the home-dwelling older adults
supported by home health-care services experienced hospital readmission within 30 days of their
discharge (1-3). For many older adults, readmission to an acute hospital is associated with a functional
decline that has not always recovered by the time they are discharged (4). However, the systematic review
by Hansen et al. revealed wide-ranging estimates (5%—79%) of how many hospital readmissions were
preventable (5). The period between hospital discharge and readmission has not always been clearly
stated in the literature, ranging from 30 days to 3 years. However, 30 days is the most frequently used in

public health policy when measuring health-care system performance (6-8).

Numerous determinants have been identified and associated with hospital readmissions, e.g.
sociodemographic and individual characteristics, multimorbidity and medical events (9, 10). A substantial
risk of 30-day hospital readmission has been associated with older inpatients treated for different diseases
and surgical interventions involving hip fracture, cancer, bypass, acute cardiovascular events or complex
surgery (11). The reasons for hospital readmission after a surgical intervention are often not directly
related to the surgery itself but rather to underlying chronic health conditions (12). Thus, chronic diseases
may play an important role in readmission risk, independently of the reason for the initial hospitalisation
(13, 14). Older adults’ chronic diseases are not isolated health conditions; they can influence each other,
and treatment for one disease may adversely affect another (15). For all these reasons, patterns of 30-day

hospital readmissions may be very complex (16).

Multimorbidity, in the case of two or more diseases (17, 18), may require taking multiple medicines (19),
known as polypharmacy (PP) when daily intake involves five or more drugs (20). Increasing incidences
of multimorbidity with age, and consequently PP, add to the complexity of managing older inpatients’
drug prescriptions, particularly at hospital discharge (21, 22). PP and inadequate drug management are
significant risk factors for adverse drug events (ADEs)—the most common post-discharge
complications—alongside hospital-acquired infections and procedural complications (23, 24). ADEs
resulting from inappropriate drug prescribing, discrepancies between prescribed and current regimens,
poor adherence and the inadequate surveillance of adverse effects frequently lead to hospital admissions,
readmissions (8) and other undesirable consequences such as increased morbidity, decreased autonomy,
institutionalisation and even early death (25, 26). A systematic review by Morabet et al. indicated ADE
rates of 18%—38% after hospital discharge and 4.5%—-24% hospital readmission rates due to those ADEs
(27). Because older adults use more drugs, they are at a greater risk of drug-related readmission.
Numerous studies have found that nearly 30% of older inpatients experienced ADEs within three weeks

of hospital discharge, almost three-quarters of which could have been prevented or lessened (10, 28, 29).
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Despite the significant overall impact of ADEs on hospital readmission rates, little is known about
hospital readmission risk’s associations with medical conditions and drug regimens (30, 31). Morabet et
al. revealed the high prevalence of antibiotics, diuretics, vitamin K antagonists, opioids, antidiabetics,
anti-cancer drugs, antihypertensives, digitalis glycosides, corticosteroids and psychotropic drugs in drug-
related hospital readmissions (27). Samoy et al. reported that anticoagulants, hypoglycaemics, beta-
blocking agents, antidepressants, calcium channel blockers and lenograstim were associated with high
risks of hospital readmission (32). A retrospective patient record study by Teymoorian ef al. reported that
anticoagulants and antiplatelet agents, diuretics and antihypertensives, and opioids were associated with a
high risk of persons aged 80 years old or more being readmitted to hospital within 30 days (33). Blanc e?
al. reported the readmission scores of different drugs in a large sample of 10,374 adult hospital
admissions in general medicine. Taking beta-blocking agents, calcium channel blockers, diuretics,

hypoglycaemic drugs or opioids was a significant risk for 30-day readmission (9).

Besides higher risks of drug-related hospital readmission, some studies have also investigated
associations between combining drugs—a common practice when treating complex diseases or co-
existing medical conditions—and drug-related hospital readmissions. Although using multiple drugs may
be good clinical practice and compliant with guidelines for treating certain diseases, one significant
consequence of combining drugs is that patients face much higher risks of ADEs, which can be caused by
drug—drug interactions (34-36). ADEs can emerge because a drug’s pharmacokinetics and
pharmacodynamics change if taken with another drug (36). Moura et al. found that participants with
potential drug—drug interactions on their prescription list had a 2.4 times higher adjusted odds ratio (OR)

of being readmitted (37).

Even though some studies have reported high numbers of readmissions among home-dwelling older
patients for a variety of drugs (38), this health issue was mostly investigated using prospective or cross-
sectional studies with small samples. More insight is needed into patterns of drug-related hospital
readmissions and risk factors in order to design better interventions for addressing ADEs (39, 40). As part
of a broader project (41), the present study’s goal was to use hospital register data to prioritise risk factors
for hospital readmission. We hypothesised that sociodemographic characteristics, medical conditions
(defined using the WHO’s International Classification of Diseases, tenth revision: ICD-10, and the Swiss
Classification of Surgical Interventions: CHOP), and drug prescriptions (based on the WHO’s Anatomical
Therapeutic Chemical (ATC) Classification System) were significant risk factors for 30-day hospital
readmission for discharged older adults.

Material and Methods

Study Design

This longitudinal study (2015-2018) used data on a population cohort taken from a hospital registry
composed of 140 variables. These were used to investigate the associations between the risks of 30-day

hospital readmission and the medical conditions and drug regimens of polymedicated older inpatients
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discharged home. The study was performed with close regard to the REporting of studies Conducted
using Observational Routinely collected health Data (RECORD) statement (42).

Population and Data Collection

Our custom, four-year, registry-based dataset included polymedicated inpatients (five or more drugs
prescribed at hospital discharge), aged 65 years old or more, living in their own homes and hospitalised at
least once at the Valais Hospital (a public general hospital in the French-speaking part of Switzerland).
This specific population was selected because of its increased risk of hospital readmission (10, 28, 29).
Older inpatients hospitalised once only or who died during hospitalisation were excluded, as were those
hospitalised for fewer than 24 hours (the criterion to count as “hospitalised” in Switzerland). Valais
Hospital’s register contains a comprehensive electronic health record composed of 140 variables routinely
collected during hospital stays. However, no electronic patient records were available for adult psychiatry
for 2015-2018. The extracted patient data contained sociodemographic characteristics, medical and
surgical diagnoses, routinely assessed clinical data (such as gait, falls risk or hearing) from hospitalised
patients with at least five prescribed drugs at discharge. Medical and surgical diagnoses were coded based
on the ICD-10 and CHOP (43). Drug classification was based on the WHO’s ATC Classification System
(44).

The strategy for transforming and synthesising the data extracted from the register’s multiple dataset
sources was based on Olsen’s register-based methodological considerations (45) and has been
documented elsewhere (46). Our dataset was composed of 20,422 hospital admission records running
from January 2015 to December 2018, with similar numbers of annual hospital admissions: 5134, 5095,

5125, and 5068, respectively.

Dataset Customisation for Predictive Analysis

The dataset was recoded and customised to identify the frequency of older patients’ hospital admissions.
Each subject’s unique identifier was used to distinguish their different hospital stays from 2015-2018.
The dataset included 13,802 readmissions involving 8,878 different older inpatients discharged home,
readmitted to hospital within 30 days and whose data were complete (no missing values).
Sociodemographic and clinical data were considered independent variables and used to compute the
predictive models. Readmission following discharge home was defined as the dependent variable of
interest and was dichotomised (0 = no, 1 = yes) based on 30-day readmission between 2015 and 2018.
Furthermore, the custom dataset was composed of six clinical clusters based on agglomerative
hierarchical clustering methods for identifying clinically relevant characteristics and representing older
inpatients’ health status. Medical status and drugs data were recoded and copied to an exploitable

population database (46).

Sociodemographic Variables and Length of Stay
The sociodemographic data set—almost exclusively composed of ordinal variables—included two

categorical variables (sex and place of discharge from hospital) and three continuous variables (age and
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admission and discharge dates). Sex and age were included in the analysis as sociodemographic control
variables. Age was considered a continuous variable as its progressive impact has been proven in

preliminary investigations and previous studies (47).

Health Variables

Numerous variables were used to describe older patients’ health status during each hospital stay. The
health dataset was composed of 23 categorical variables: 21 measured as ordinal variables (mobility,
changing position, falls in the last year, etc.) and two measured as nominal variables (altered gait and
chronic pain). A cleaner, better-structured dataset—composed of hierarchical clusters—was obtained in a
previous study combining empirical and best-practice statistical approaches (46). Three of six
preliminarily computed hierarchical clusters were included in the modeling analysis as confounding
variables: the mobility cluster, the dependency in the activities of daily living cluster and the mental state
cluster (46). These three clusters were selected because of their significant contributions to hospital
readmissions (48-50). The dataset of medical information was composed of patients’ principal medical
diagnosis and four secondary medical diagnoses, based on the ICD-10. Finally, the year of hospitalisation
was introduced as a control variable, based on the fact that earlier admission to hospital during this period

led to a higher probability of unplanned readmissions during the entire period covered.

Included Drugs

The hospital dataset showed that discharged patients had been prescribed 2,370 different drugs. Drug
prescriptions were considered continuous, classified according to the WHO’s ATC Classification System
(51) and then included in the predictive model as independent variables. To ensure robust statistical
results, the model only included drug categories prescribed to at least 30 inpatients who were readmitted
within 30 days. Supplementary File 1 presents the prescribed ATC classified drugs included in the
predictive model as independent variables.

For statistical purposes, drug—drug interactions between different ATC drug classes (51) were
operationalised as dichotomised variables (0 = no simultaneous use of drugs from both classes,

1 = simultaneous use of drugs from both classes) and added to the previous model. Drug class interactions
were selected based on a literature review, significant ORs and expert opinions (52).

Data analysis strategy

Data were extracted into a Microsoft Excel spreadsheet (Microsoft, Redmond, Washington, United
States) and then imported into SPSS software, version 26.0 (IBM Corp, Armonk, New York, United
States). We examined statistical associations between hospital readmissions and patient age and sex,
LOS, principal and related ICD-10 diagnoses, CHOP interventions and drug prescriptions during
hospitalisations. A causality analysis between those variables was impossible given our retrospective data
collection method, our inability to calculate the time between drug intake and readmission, and the
potential drug changes between hospitalisation sequences. We conducted a bivariate analysis relating the
independent variables to 30-day readmission after discharge home from 2015-2018. Next, we calculated

a series of multilevel logistic regression models for binary outcomes explaining the readmissions, within
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30 days, of patients discharged home (0 = no, 1 = yes). These hierarchical models included two levels: the
first level concerned hospital stays themselves, nested in the second level, that of individuals. Firstly, we
computed a baseline multilevel binary logistic regression model to estimate how sets of predictors
influenced the probability of 30-day hospital readmission, which included individuals’ characteristics,
health conditions and hospital LOS. Secondly, we completed this baseline model with the drugs
prescribed to older inpatients on their discharge home. Finally, to that baseline model completed with
prescribed drugs, we added the known drug—drug interactions between different ATC drug classes, based
on a literature review and expert opinions. The model computed each predictor’s impact, other things
being equal, by estimating its net impact, controlling for other factors (adjusted ORs). The model also
considered correlations between each subject’s different variables, which were generally not independent
(53). The model’s random intercept design allowed each individual’s intercept to vary, assuming that
some unmeasured traits remained stable over time and allowing a better estimation of the model’s
parameters. The estimated parameters, on the other hand, had the same effect on every subject. Since the
data were based on the whole population—not a sample—of polymedicated older inpatients discharged
home from the Valais Hospital, the ORs’ confidence intervals and statistical tests were used to indicate

the robustness of relationships (they usually only make sense for statistical inference).

In-asceond stage:

Patients and public involvement
Patients were not involved in the development of the research questions, study design, outcome measures

and conduct of the study.

Results

Descriptive results

The electronic records of 20,422 inpatient stays by polymedicated, home-dwelling older adults included
the 13,802 hospital readmissions of 8,878 different older inpatients previously discharged home—an
average of 1.55 inpatient hospital readmissions. The total sample’s mean age was 77.77 years old

(SD =17.48), and 57% were men (Table 1). The average hospital LOS was 8.44 days (SD = 7.58). At
discharge, 25% of the sample had impaired mobility, 4% were impaired in their activities of daily living
and 4% showed mental impairment. Our sample population averaged 4.58 (SD = 0.92) ICD-10 diagnoses
and 1.83 (SD = 1.76) surgical interventions (CHOP) performed during hospitalisation. The selected
medical diagnoses distinguished patients affected by circulatory (24%), infectious (3%) and respiratory
diseases (11%), as well as trauma (8%) and tumours (11%). On average, 8.95 (SD = 3.24) drugs were
prescribed per patient at hospital discharge.

[Insert Table 1]
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Associations between Thirty-day Hospital Readmission Risk and Sociodemographic Characteristics
and Medical Conditions

The rate of 30-day hospital readmission for older patients discharged home was 7.8%. Bivariate
associations with chi-square tests showed significant differences between older inpatients’
sociodemographic characteristics and medical conditions (Table 2). Men showed a slightly higher
proportion of 30-day hospital readmissions than women (8.2% vs 7.3%). However, age did not
significantly affect the probability of 30-day readmission. More readmissions were also seen among older
patients with a circulatory disease (8.2% vs 6.5%), those not affected by trauma (8.0% vs 5.8%), and
especially those with a tumour (15.1% vs 6.9%). Multimorbidity also increased the risk of 30-day hospital
readmissions—from 1.5% for older patients with a single ICD-10 condition to 8.8% for those with five.

[Insert Table 2]

Associations between Thirty-day Hospital Readmission Risk and Drugs

On average, older patients readmitted within 30 days had more prescribed drugs than those who were not
readmitted (9.95 drugs vs 8.87). We found a linear relationship between the 30-day readmission rate and
the average number of prescribed drugs (p > 0.001), which supported the absence of a cut-off point in this
relationship (Figure 1).

[Insert Figure 1]

Among the most robust statistical associations (chi-square tests) with 30-day hospital readmissions
involved the classes of drugs including antineoplasics and immunomodulators (12.6% vs 7.6% for those
not treated with them) and taking antiemetics and antinauseants (27.7% vs 7.7%). There was also a higher
risk of 30-day hospital readmission among older inpatients taking drugs for functional gastrointestinal
disorders (13.4% vs 7.4%) and antihypertensives (14.1% vs 7.7%) (Table 3).

[Insert Table 3]

Baseline Multivariate Model

A baseline, multivariate logistic regression model including older patients’ sociodemographic and clinical
variables, but not their prescribed drugs at discharge, was computed to predict 30-day hospital
readmission after discharge home (Table 4). Neither sex nor age had a significant impact. On the
contrary, LOS had a significant impact (OR = 1.014 for each additional day; 95% CI: 1.006-1.021), as
did mobility (OR = 1.218 for older patients with an impaired mobility status; 95% CI: 1.039-1.427).
Dependence in the activities of daily living and mental health status showed no influence. Concerning
diagnoses measured in the ICD-10, we found that older patients with a tumoural disease (OR = 2.538;
95% CI: 2.089-3.082) were much more susceptible to 30-day hospital readmission. Patients with
circulatory pathologies showed no difference from the reference category (OR = 0.938; 95% CI: 0.783—
1.124), and nor did those with respiratory problems (OR = 1.100; 95% CI: 0.875-1.382), trauma

(OR =0.847; 95% CI: 0.633—1.134) or infection-related problems (OR = 1.381; 95% CI: 0.964—1.977;

p = 0.078). Multimorbidity predicted a higher probability of readmission (OR = 1.419 per additional ICD-
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10 condition; 95% CI: 1.282—1.572), whereas the number of surgical procedures had no noticeable impact
(OR =0.978; 95% CI: 0.938—1.020). The year of hospital stay did have an impact, however, as the carlier
the hospitalisation during the four years under review, the higher the probability of readmission

(OR = 0.933 per additional year; 95% CI: 0.880-0.990).

Some variables that were non-significant in bivariate analyses became significant in multivariate
analyses. This was because the results of multivariate analyses were controlled by all the other parameters
and interpretations were made with “other things being equal”. Also, the composition of subgroups could
be very different in some bivariate analyses.

[Insert Table 4]

Prediction of 30-day Hospital Readmission and Drug Prescriptions

Table 5 presents the baseline logistic regression model completed with the drugs prescribed to older
patients at discharge home that were significantly associated (p = < 0.05) with 30-day hospital
readmission. It was not possible to introduce the total number of drugs prescribed jointly in this model
because of their collinearity with other drug variables. Non-significant drugs and other variables have
been omitted from Table 3 in order to simplify the presentation. The probabilities of 30-day hospital
readmission are presented in descending order of discharged older patients’ ORs for each additional unit
of the drugs in question. Intake of antiemetics and antinauseants was very strongly linked to 30-day
readmission (OR = 3.216 for each additional drug unit taken; 95% CI: 1.842-5.617), as were those of
antihypertensives (OR = 1.771; 95%CI: 1.287-2.438), gastrointestinal drugs (OR = 1.424; 95% CI:
1.166—1.739), systemic hormonal preparations (OR = 1.207; 95% CI: 1.052—1.385) and vitamins

(OR =1.201; 95% CI: 1.049-1.374). On the contrary, the intake of lipid-modifying agents was associated
with a decrease in 30-day hospital readmissions (OR = 0.841 for each drug from this class prescribed;
95% CI: 0.732-0.967).

[Insert Table 5]

Drug Interactions and 30-day Hospital Readmissions

The model considered drug class interactions for the: 1) cardiovascular system * central nervous system,
gastrointestinal system, and metabolism * cardiovascular system; 2) gastrointestinal system and
metabolism * central nervous system; 3) cardiovascular system * anti-infectives; and 4) central nervous
system * anti-infectives. The analysis was carried out controlling for the basic model’s variables (Table
4), and the table reports the ORs for each additional unit of the statistically significant drugs in question,
as well as for significant drug interactions. Antiemetics and antinauseants were very strongly associated
with 30-day readmission (OR = 3.222; 95% CI: 1.844-5.630), as were drugs regulating the
gastrointestinal tract (OR = 1.428; 95% CI: 1.169-1.744) and systemic hormones (OR = 1.210; 95% CI:
1.054-1.390). The joint intake of beta-blocking agents and drugs for acid-related disorders was
significantly associated with 30-day hospital readmission (OR = 1.367; 95% CI: 1.046—1.788); this is the

only significant drug interaction in Table 4. On the contrary, lipid-modifying agents were associated with
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lower 30-day hospital readmission (OR = 0.838), as were substances acting on the renin—angiotensin
system (OR = 0.892; 95% CI: 0.796—0.999) (Table 6).
[Insert Table 6]

Discussion

The present study examined the records of 20,422 hospitalisations involving polymedicated home-
dwelling older patients, eventually discharged home, for the risk of 30-day hospital readmission. These
records were held in four years of a comprehensive hospital register. The 8,878 individual older patients
readmitted to the Valais Hospital showed a 30-day hospital readmission rate of almost 8%, corroborating
previously published all-cause hospital readmission rates among home-dwelling older patients (9, 27).
However, Jencks ef al. (2009) found a much higher 30-day readmission rate, reaching almost 20% among
discharged older patients who had been hospitalised in acute medicine and surgery wards (3). As a
bivariate association, multimorbid men were at a significantly higher risk of readmission than
multimorbid women; however, in the adjusted multivariate analysis, that significance disappeared.
Medical conditions, PP and multiple classes of prescribed drugs were all associated with higher 30-day
readmission rates, in line with previous studies (27, 54-56).

Our study found no significant differences in the risks of 30-day hospital readmission for men and
women. However, some previous research found that men were more likely to forget to take their drugs
or to not apply the changed drug dosages prescribed by their family physician, consequently increasing
their risk of hospital readmission for drug-related problems (57). Opposite results were found in a
population-based study by Manteufel et al.(58), with women being less likely than men to properly
adhere to their drug prescriptions. These differences may indicate a need for more personalised drug
prescription and drug management to improve clinical outcomes. Further research should explore
associations between different types of drugs and sex (58, 59), but this topic was beyond the present
study’s scope. Another interesting issue regarding sex differences in hospital readmission rates is the
study window. Some studies found higher rates among men than among women below three-month
readmissions. More extended time windows (e.g. one year) revealed no significant sex differences (54,
60). An analysis of our dataset using a more extended readmission window might clarify this point and
provide complementary knowledge about sex-associated hospital readmissions.

Our results indicated that ageing was not a risk factor for increased 30-day hospital readmission, in line
with some previous publications (55, 61). However, other research findings demonstrated that age was
only positively associated with the likelihood of readmission up to 74 years old; above that, there no
longer appeared to be any significant relationship between age and readmission (62, 63). These
contrasting results may be explained by the studies’ designs, country settings, the ages of their research
populations or the medical conditions included (55, 62, 64).

Longer hospital stays were also associated with a higher risk of hospital readmission, in line with a cohort
study by Sud et al. concluding that an extended hospital LOS was associated with increased rates of all
types of readmission, except for hospitalisation after heart failure, where a short LOS was associated with

increased rates of readmission for cardiovascular disease and heart failure (65).
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Our results indicated a significant positive association between the number of a patient’s medical
conditions and the 30-day hospital readmission rate, confirming other recent retrospective hospital
register studies (66, 67). More specifically, older patients with impaired mobility showed an increased
risk of hospital readmission. This result was not surprising, bearing in mind that although these older
patients were discharged home—and not to a nursing home—after their hospital stay, their health status
might nevertheless require future readmission. Indeed, this corroborated publications about older patients
discharged after orthopaedic treatment or who had been initially admitted for heart failure, myocardial
infarction or pneumonia, but also presented with impaired mobility (68, 69).

Cognitive impairment was not associated with increased 30-day hospital readmission rates, in line with
findings from the systematic review by Pickens et al., which pointed out that dementia had a modest
impact on readmission rates (70). It was no surprise that inpatients hospitalised for cancer faced a high
risk of readmission, corroborating prior studies by Buhenn ef al., Chang et al. and Butcher (71-73).

PP significantly increased the 30-day hospital readmission rate, but this result was based on the average
number of drugs prescribed to the sample of readmitted patients versus those not readmitted. Although PP
was confirmed as a strong determinant of 30-day hospital readmission in publications by Leendertse et al.
(74, 75), our results showed a progressive linear relationship between PP and readmission rate, and this
should be interpreted with caution. Despite our results and other publications and research underlining the
challenge of PP among multimorbid older patients, there is no overall consensus about the best way to
deal with the broad general relationship between PP and hospital readmission (76).

Our advanced statistical analysis demonstrated that some specific drugs and the concomitant use of
specific drug combinations were significantly associated with 30-day readmission risk, although this was
not unexpected and has been confirmed in previous publications (37, 77). Mostly in line with the research
findings of Zhang et al., drugs including hormones, antineoplastics, immunosuppressors, neoplastic
antibiotics and bacterial vaccines were substantial risk factors for hospital readmission (7).

In summary, extended hospital LOS, functional impairments, medical conditions and drugs have been
demonstrated to be determinants of 30-day hospital readmission, although not all of them have clinically
or pharmacologically relevant interpretations or explanations. Further research involving large samples is
needed, notably to explore the drug—drug interactions with the highest risk of hospital readmissions.
Statistical predictions of potential drug—drug interactions provide important information for modeling
drug combinations and identifying pairs of drugs whose combination creates an exaggerated response (9).
As the association between the number of drugs and the risk of hospital readmission was linear, more
advanced inferential statistics would be needed to clarify a cut-off point for the mean number of drugs
that would significantly increase the readmission rate. In addition, problems involving adherence to
prescriptions, social support networks, and stronger or weaker primary health-care structures can all
influence hospital readmission rates (39). According to some publications, nearly 70% of people aged
over 65 make mistakes with their drugs (78, 79). Information about drug adherence, drug underuse and
overuse, drug changes and deprescription by family physicians, as well as medication management at
home, would contribute to a more comprehensive understanding of disease- and drug-related 30-day

hospital readmissions.
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Finally, it would be interesting to explore the risks of readmission according to different hospital wards.
As psychiatric conditions are a frequent cause of rehospitalisation (80), it would be relevant for future
research to explore registries from adult psychiatry departments and investigate the hospital readmission
risks faced by their inpatients.

Strengths and Limitations

This study’s main strength was its use of data recorded in a comprehensive register. We consider this
retrospective study useful for clinical practice and future research because a whole series of
sociodemographic and clinical parameters, medical conditions and prescribed drugs were used to predict
the probability of hospital readmission. Using both bivariate and multivariate analyses enabled an
evaluation of the data’s longitudinal nature.

Our study had several limitations, nevertheless. The design did not allow us to identify hospitalisations
and readmissions lost-to-follow-up and to adjust our data for death outside the hospital. We were also
unable to identify unnecessary hospitalisations or any bias towards hospitalisation rather than another
health-care solution for older inpatients. Our dataset could not inform us about whether older inpatients
had been first admitted to another hospital or were subsequently readmitted elsewhere during the study
period. Because the reasons for hospital admission are not chosen from a list but are entered into the
register as free descriptive text, these factors were not part of our dataset, and the study was unable to
explore the reasons for an admission’s impact on 30-day rehospitalisation. Another limitation was the
study’s lack of formal screening methods to explain ADEs in detail, and it was impossible to distinguish
between elective and urgent hospitalisations. Although the study considered statistical associations
between drugs and rehospitalisations, it did not use clinically diagnosed drug—drug interactions. Finally,

we were unable to consider any potential causality between PP and hospital readmission.

Conclusions

Hospital length of stay, medical conditions, functional impairments and prescribed drugs were all critical
factors in predicting hospital readmissions, thus affirming our hypotheses. Readmission patterns are
complex and poorly understood because older patients often present with multiple chronic conditions,
functional impairments and complex drug prescriptions. Hospital readmission is an under-investigated
topic deserving of additional, well-conducted, predictive research exploiting accurate longitudinal data

from large samples.
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Table 1. Sociodemographic and hospitalisation data for inpatient stays by polymedicated, home-dwelling

adults aged 65 or more (n =13,802)

Inpatient stays by polymedicated, home-dwelling adults

VarigQlfd aged 65 or more (n = 13,802)
Sex
Stays by men (%) 7,834 (56.8)
Stays by women (%) 5,968 (43.2)
Age at discharge (years)
Mean inpatient age at discharge (SD) 77.77 (7.48)
Min-Max 65-106
Med [IQR 25-75] 77.00 [68.00-80.00]
65-69 (%) 2,226 (16.1)
70-79 (%) 5,811 (42.1)
80-89 (%) 4,845 (35.1)
90 and more (%) 920 (6.7)
Year of discharge
2015 (%) 3,501 (25.4)
2016 (%) 3,318 (24.0)
2017 (%) 3,530 (25.6)
2018 (%) 3,453 (25.0)
Length of stay (days)
Mean (SD) 8.44 (7.58)
Min-Max 1-149
Med [IQR 25-75] 7 [4-11]
Number of ICDs-10
Mean (SD) 4.58 (0.92)
Min-Max 1-5
Med [IQR 25-75] 5 [5-5]
Principal ICD-10 diagnosis
Circulatory (%) 3,336 (24.2)
Infectious (%) 404 (2.9)
Respiratory (%) 1,444 (10.5)
Trauma (%) 1,043 (7.6)
Tumours (%) 1,505 (10.9)
Number of CHOP surgical procedures
Mean (SD) 1.83 (1.76)
Min-Max 0-5
Med [IQR 25-75] 1[0-3]
Number of medicines prescribed at hospital
discharge
Mean (SD) 8.95 (3.24)
Min-Max 5-30

Med [IQR 25-75]

8 [7.50~16.00]

19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 21 of 32

oNOYTULT D WN =

672

673

674
675

676
677

BMJ Open

Table 2. 30-day hospital readmission risks at different periods for different age groups (N = 13,802

readmissions).
Variables 30-day h‘os‘p ital p-value
readmission
Complete sample 7.8%
Sex *
Women vs men 7.3% vs 8.2%
Year-end age, in years NS
65-69 7.5%
70-79 7.6%
80-89 8.4%
>90 6.4%
Mobility cluster: NS
Preserved mobility vs impaired mobility 7.6% vs 8.5%
Activities in daily living (ADL): NS
Full ADL ability vs impaired ADL 7.8% vs 7.2%
Cognitive status: NS
Preserved cognitive status vs cognitive impairment 7.8% vs 7.9%
ICD-10 diagnosis: circulatory problems *ok
No vs Yes 8.2% vs 6.5%
ICD-10 diagnosis: infection NS
No vs Yes 7.7% vs 9.9%
ICD-10 diagnosis: respiratory problems NS
No vs Yes 7.8% vs 8.0%
ICD-10 diagnosis: trauma ok
No vs Yes 8.0% vs 5.8%
ICD-10 diagnosis: tumour HA*
No vs Yes 6.9% vs 15.1%
Number of ICD-10 conditions Ak
1 1.5%
2 4.9%
3 3.6%
4 4.8%
5 8.8%
Number of surgical procedures (CHOP) *
0 7.7%
1 7.8%
2 7.0%
3 7.3%
4 7.1%
5 9.7%
Year of discharge: 2015-2018 NS
2015 8.3%
2016 8.0%
2017 8.0%
2018 6.8%

Note. * = p <0.05; ** =p <0.01; *** = p <0.001; NS = non-significant
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678 Table 3. 30-day hospital readmissions for different classes of drugs based on the ATC (N = 13,802).

Page 22 of 32

30-day 30-day
readmission readmission p-
Drug class with NO with drugs in | value
drugs in this .
class this class
First level, anatomical main group
Blood and blood-forming organ drugs (B) 7.1% 8.0% NS
Dermatologicals (D) 7.7% 9.4% NS
Genitourinary system and sex hormones (G) 7.7% 8.3% NS
Systemic hormonal preparations, excluding sex hormones and insulins (H) 7.4% 9.5% ok
Anti-infectives for systemic use (J) 8.0% 7.2% NS
Antineoplastic and immunomodulating agents (L) 7.6% 12.6% ok
Drugs for the musculo-skeletal system (M) 8.0% 6.5% *
Antiparasitic products, insecticides, and repellents (P) 7.8% 6.6% ok
Respiratory system drugs (R) 7.4% 9.9% ok
Sensory organ drugs (S) 7.8% 8.4% NS
Second level, therapeutic subgroup

Stomatological preparations (A01) 7.8% 12.2% NS
Drugs for acid-related disorders (A02) 7.0% 8.5% otk
Drugs for functional gastrointestinal disorders (A03) 7.4% 13.4% ok
Antiemetics and antinauseants (A04) 7.7% 27.7% oAk
Bile and liver therapy drugs (A05) 7.8% 14.3% NS
Drugs for constipation (A06) 7.3% 10.8% ok
Antidiarrhoeals, intestinal anti-inflammatory/anti-infective agents (A07) 7.7% 12.9% ok
Digestives, including enzymes (A09) 7.8% 10.0% NS
Drugs used in diabetes (A10) 7.4% 9.5% ok
Vitamins (A11) 7.5% 9.9% ok
Mineral supplements (A12) 7.4% 8.8% *x
Other alimentary tract and metabolism products (A16) 7.8% 6.3% NS
Cardiac therapy (C01) 7.6% 8.9% NS
Antihypertensives (C02) 7.7% 14.1% otk
Diuretics (C03) 7.2% 9.8% HkE
Peripheral vasodilators (C04) 7.8% 15.2% NS
Vasoprotective drugs (C05) 7.8% 9.8% NS
Beta-blocking agents (C07) 7.1% 8.6% ok
Calcium channel blockers (C08) 7.7% 8.6% NS
Agents acting on the renin-angiotensin system (C09) 8.7% 7.1% ok
Lipid-modifying agents (C10) 8.3% 7.1% Hx
Anaesthetics (NO1) 7.8% 18.8% *
Analgaesics (N02) 7.8% 7.8% NS
Antiepileptics (N03) 7.7% 9.0% NS
Drugs for Parkinson’s disease (N04) 7.8% 6.9% NS
Psycholeptics (NO5) 6.8% 9.3% otk
Psychoanaleptics (N06) 7.8% 7.7% NS
Other nervous system drugs (NO7) 7.9% 5.1% NS

679  Note. * =p <0.05; ** = p <0.01; *** = p <0.001; NS = non-significant
680
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Table 4. Baseline, multilevel, logistic regression model using 30-day readmission (0 = no; 1 = yes) as the

dependent variable associated with independent sociodemographic, LOS, and clinical variables

(N = 13,802 observations for 8,878 different inpatients readmitted to hospital).

Variables Odds P>z 95% CI #
Ratio®

Sex 1.079 0.285 0.938-1.242
Year-end age, in years 0.999 0.878 0.990-1.009
Hospital length of stay (LOS), in days 1.014 0.000 1.006-1.021
Mobility cluster ! 1.218 0.015 1.039-1.427
Dependency in the activities of daily living! 0.794 0.248 0.537-1.174
Mental health status! 0.992 0.966 0.687—-1.433
CIM 1 diagnosis: circulatory problems 2 0.938 0.491 0.783-1.124
CIM 1 diagnosis: infection 2 1.381 0.078 0.964-1.977
CIM 1 diagnosis: respiratory problems 2 1.100 0.414 0.875-1.382
CIM 1 diagnosis: trauma 2 0.847 0.265 0.633-1.134
CIM 1 diagnosis: tumour 2 2.538 0.000 2.089-3.082
Number of CIM 1.419 0.000 1.282-1.572
Number of CHOP 0.978 0.304 0.938-1.020
Number of drugs 1.043 0.000 1.028-1.058
Year: 2015 to 2018 0.933 0.022 0.880-0.990
Intercept 0.027

Note. 1: 0 = good state, 1 = impairment; 2: 0 =no, 1 = yes; 3: adjusted Odds ratio; 4:

Table 5. Multilevel logistic regression model results for the drugs prescribed to older patients at discharge

home that had significant predictive values (odds ratios) for 30-day hospital readmission (controlled for

variables in the baseline model: Table 4) (N = 13,802 observations for 8,878 different inpatients

readmitted to hospital).

Variables Odds | ~2 | 9s%cI?
ratio

First level, anatomical main group
Blood and blood-forming organs drugs (B) 1.089 0.041 1.003-1.181
Systemic hormonal preparations, excluding sex hormones and insulins 1.207 0.007 1.052-1.385
(H)
Respiratory system drugs (R) 1.146 0.003 1.046-1.254

Second level, therapeutic subgroup
Drugs for functional gastrointestinal disorders (A03) 1.424 0.001 | 1.166-1.739
Antiemetics and antinauseants (A04) 3.216 0.000 | 1.842-5.617
Drugs for constipation (A06) 1.195 0.018 | 1.031-1.386
Drugs used in diabetes (A10) 1.125 0.021 | 1.018-1.243
Vitamins (Al1) 1.201 0.008 | 1.049-1.374
Antihypertensives (C02) 1.771 0.000 | 1.287-2.438
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Diuretics (C03) 1.149 0.024 | 1.018-1.296
Beta-blocking agents (C07) 1.156 0.040 | 1.007-1.327
Lipid-modifying agents (C10) 0.841 0.015 | 0.732-0.967
Psycholeptics (N0OS) 1.130 0.009 | 1.031-1.238

Note. 1 = adjusted odds ratio; 2 = CI or Confidence Interval

for 8,878 different inpatients readmitted to hospital).

Table 6. Drugs and drugs interactions from ATC classes A and B with a significant risk of 30-day

hospital readmission (controlled for variables in the baseline model: Table 4) (N = 13,802 observations

Odds

Variables . ] p>z 95% CI2
ratio

First level, anatomical main group
Blood and blood-forming organ drugs (B) 1.089 0.040 | 1.004-1.182
Systemic hormonal preparations, excluding sex hormones and 1.210 0.007 | 1.054-1.390
insulins (H)
Respiratory system drugs (R) 1.149 0.003 | 1.049-1.258

Second level, therapeutic subgrou,
Antiemetics and antinauseants (A04) 3.222 0.000 | 1.844-5.630
Drugs for functional gastrointestinal disorders (A03) 1.428 0.000 | 1.169-1744
Beta-blocking agents (C07) and drugs for acid-related disorders 1.367 0.022 | 1.046-1.788
(A02)
Drugs for constipation (A06) 1.199 0.017 | 1.033-1.392
Agents acting on the renin-angiotensin system (C09) 0.892 0.049 | 0.796-0.999
Lipid-modifying agents (C10) 0.838 0.013 | 0.729-0.964

Note. 1: adjusted odds ratio; 2: CI = Confidence Interval
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Supplementary table. Descriptive statistics of drugs prescribed per hospital stays (N = 13,802 readmissions) at

discharge based on the ATC Classification System.

Drug classes based on the ATC Classification System
Min-Max | Mean (SD)
First level, anatomical main group
Blood and blood forming organs (B) 0-5 1.15 (0.86)
Dermatologicals (D) 0-3 0.04 (0.21)
Genitourinary system and sex hormones (G) 04 0.21(0.47)
Systemic hormonal preparations, excl. sex hormones and insulins (H) 04 0.20 (0.46)
Anti-infectives for systemic use (J) 04 0.24 (0.47)
Antineoplastic and immunomodulating agents (L) 0-5 0.05 (0.23)
Musculo-skeletal system (M) 0-3 0.15(0.39)
Antiparasitic products, insecticides and repellents (P) 0-2 0.02 (0.13)
Respiratory system (R) 0-7 0.28 (0.72)
Sensory organs (S) 0-6 0.10 (0.39)
Second level, therapeutic subgroup

Stomatological preparations (A01) 0-1 0.00 (0.06)
Drugs for acid-related disorders (A02) 0-3 0.56 (0.52)
Drugs for functional gastrointestinal disorders (A03) 0-3 0.07 (0.28)
Antiemetics and antinauseants (A04) 0-1 0.01 (0.08)
Bile and liver therapy (A05) 0-1 0.00 (0.05)
Drugs for constipation (A06) 0-3 0.15 (0.40)
Antidiarrhoeals, intestinal anti-inflammatory/anti-infective agents (A07) 0-2 0.03 (0.18)
Digestives, incl. Enzymes (A09) 0-2 0.02 (0.13)
Drugs used in diabetes (A10) 0-5 0.26 (0.63)
Vitamins (A11) 04 0.15 (0.44)
Mineral supplements (A12) 0-3 0.29 (0.51)
Other alimentary tract and metabolism products (A16) 0-1 0.00 (0.05)
Cardiac therapy drugs (CO1) 04 0.14 (0.42)
Antihypertensives (C02) 0-2 0.02 (0.17)
Diuretics (C03) 0-3 0.27 (0.53)
Peripheral vasodilators (C04) 0-1 0.00 (0.06)
Vasoprotectives (C05) 0-3 0.02 (0.14)
Beta-blocking agents (C07) 0-2 0.46 (0.51)
Calcium channel blockers (COS8) 0-2 0.16 (0.37)
Agents acting on the renin-angiotensin system (C09) 0-3 0.64 (0.62)
Lipid modifying agents (C10) 0-3 0.43 (0.52)
Anaesthetics (NO1) 0-1 0.00 (0.05)
Analgaesics (N02) 0-7 1.02 (0.91)
Antiepileptics (N03) 0-5 0.11 (0.35)
Drugs for Parkinson’s disease (N04) 0-5 0.04 (0.24)
Psycholeptics (N05) 0-6 0.53 (0.73)
Psychoanaleptics (N06) 0-3 0.20 (0.44)
Other nervous system drugs(N07) 0-3 0.03 (0.19)
Total number of drugs 5-30 8.95 (3.24)
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The RECORD statement — checklist of items, extended from the STROBE statement, that should be reported in observational studies using

routinely collected health data.

Item | STROBE items Location in RECORD items Location in
No. manuscript where manuscript
items are reported where items are
reported
Title and abstract
1 (a) Indicate the study’s design RECORD 1.1: The type of data used Title
with a commonly used term in should be specified in the title or Abstract (lines 2-
the title or the abstract (b) abstract. When possible, the name of 8)
Provide in the abstract an the databases used should be included.
informative and balanced
summary of what was done and RECORD 1.2: If applicable, the Line 6
what was found geographic region and timeframe
within which the study took place Lines 118-121
should be reported in the title or
abstract.
RECORD 1.3: If linkage between Not applicable,
databases was conducted for the study, | only one hospital
this should be clearly stated in the title | register
or abstract.
Introduction
Background 2 Explain the scientific Lines 39-101
rationale background and rationale for the
investigation being reported
Objectives 3 State specific objectives, Lines 101-107
including any prespecified
hypotheses
Methods
Study Design 4 Present key elements of study Lines 110-114
design early in the paper
Setting 5 Describe the setting, locations, Lines 117-133
and relevant dates, including
periods of recruitment, exposure,
follow-up, and data collection
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Participants (a) Cohort study - Give the RECORD 6.1: The methods of study in press/
eligibility criteria, and the population selection (such as codes or | forthcoming
sources and methods of selection algorithms used to identify subjects) JMIR article:
of participants. Describe should be listed in detail. If this is not | https://www.ncbi.
methods of follow-up possible, an explanation should be nlm.nih.gov/pubm
Case-control study - Give the provided. ed/management/v
eligibility criteria, and the alidator/909A44E
sources and methods of case RECORD 6.2: Any validation studies | 74F70/citations/?s
ascertainment and control of the codes or algorithms used to tart=0
selection. Give the rationale for select the population should be
the choice of cases and controls referenced. If validation was conducted
Cross-sectional study - Give the for this study and not published
eligibility criteria, and the elsewhere, detailed methods and results
sources and methods of selection should be provided.
of participants
RECORD 6.3: If the study involved
(b) Cohort study - For matched linkage of databases, consider use of a | Not applicable,
studies, give matching criteria flow diagram or other graphical display | only one hospital
and number of exposed and to demonstrate the data linkage register
unexposed process, including the number of
Case-control study - For individuals with linked data at each
matched studies, give matching stage.
criteria and the number of
controls per case
Variables Clearly define all outcomes, RECORD 7.1: A complete list of codes | Lines 152-177

exposures, predictors, potential
confounders, and effect
modifiers. Give diagnostic
criteria, if applicable.

and algorithms used to classify
exposures, outcomes, confounders, and
effect modifiers should be provided. If
these cannot be reported, an
explanation should be provided.

and

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm
ed/management/v
alidator/909A44E
74F70/citations/?s
tart=0

Data sources/
measurement

For each variable of interest,
give sources of data and details

Lines 122-128
and
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Describe comparability of
assessment methods if there is
more than one group

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm
ed/management/v
alidator/909A44E
74F70/citations/?s
tart=0

Bias

Describe any efforts to address
potential sources of bias

Lines 180-200
and

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm
ed/management/v
alidator/909A44E
74F70/citations/?s
tart=0

Study size

10

Explain how the study size was
arrived at

Lines 141-144

Quantitative
variables

11

Explain how quantitative
variables were handled in the
analyses. If applicable, describe
which groupings were chosen,
and why

Lines 139-150
and

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm
ed/management/v
alidator/909A44E
74F70/citations/?s
tart=0
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Statistical
methods
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(a) Describe all statistical
methods, including those used to
control for confounding

(b) Describe any methods used
to examine subgroups and
interactions

(c) Explain how missing data
were addressed

(d) Cohort study - If applicable,
explain how loss to follow-up
was addressed

Case-control study - If
applicable, explain how
matching of cases and controls
was addressed

Cross-sectional study - If
applicable, describe analytical
methods taking account of
sampling strategy

(e) Describe any sensitivity
analyses

Lines 180-200

Data access and
cleaning methods

RECORD 12.1: Authors should
describe the extent to which the
investigators had access to the database
population used to create the study
population.

RECORD 12.2: Authors should

Lines 118-122
and

in press/
forthcoming
JMIR article:
https://www.ncbi.
nlm.nih.gov/pubm

provide information on the data ed/management/v
cleaning methods used in the study. alidator/909A44E
74F70/citations/?s
tart=0
Linkage RECORD 12.3: State whether the in press/
study included person-level, forthcoming
institutional-level, or other data linkage | JMIR article:

across two or more databases. The
methods of linkage and methods of

https://www.ncbi.
nlm.nih.gov/pubm
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: linkage quality evaluation should be ed/management/v
5 provided. alidator/909A44E
3 74F70/citations/?s
4 tart=0

5

6 Results

; Participants 13 (a) Report the numbers of RECORD 13.1: Describe in detail the | Lines 142-143
9 individuals at each stage of the selection of the persons included in the

10 study (e.g., numbers potentially study (i.e., study population selection)

11 eligible, examined for eligibility, including filtering based on data

12 confirmed eligible, included in quality, data availability and linkage.

13 the study, completing follow-up, The selection of included persons can

14 and analysed) be described in the text and/or by

:2 (b) Give reasons for non- means of the study flow diagram.

17 participation at each stage.

18 (c) Consider use of a flow

19 diagram

20 Descriptive data | 14 (a) Give characteristics of study Lines 152-177
21 participants (e.g., demographic,

;g clinical, social) and information

2 on exposures and potential

25 confounders

26 (b) Indicate the number of

27 participants with missing data

28 for each variable of interest

29 (c) Cohort study - summarise

g? follow-up time (e.g., average and

32 total amount)

33 Outcome data 15 Cohort study - Report numbers Lines 142-144
34 of outcome events or summary

35 measures over time

36 Case-control study - Report

g; numbers in each exposure

39 category, or summary measures

40 of exposure

41 Cross-sectional study - Report

42 numbers of outcome events or

43 summary measures
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Main results

16

(a) Give unadjusted estimates
and, if applicable, confounder-
adjusted estimates and their
precision (e.g., 95% confidence
interval). Make clear which
confounders were adjusted for
and why they were included
(b) Report category boundaries
when continuous variables were
categorized

(c) If relevant, consider
translating estimates of relative
risk into absolute risk for a
meaningful time period

Lines 207-285

Other analyses

17

Report other analyses done—
e.g., analyses of subgroups and
interactions, and sensitivity
analyses

Lines 207-285

Discussion

Key results

18

Summarise key results with
reference to study objectives

Lines 289-294

Limitations

19

Discuss limitations of the study,
taking into account sources of
potential bias or imprecision.
Discuss both direction and
magnitude of any potential bias

RECORD 19.1: Discuss the

implications of using data that were not

created or collected to answer the

specific research question(s). Include
discussion of misclassification bias,
unmeasured confounding, missing
data, and changing eligibility over
time, as they pertain to the study being

reported.

Lines 369-378

Interpretation

20

Give a cautious overall
interpretation of results
considering objectives,
limitations, multiplicity of
analyses, results from similar
studies, and other relevant
evidence

Lines 294-361
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: Generalisability | 21 Discuss the generalisability Lines 349-355

5 (external validity) of the study

3 results

4 Other Information

5 Funding 22 Give the source of funding and Line 399

6 the role of the funders for the

; present study and, if applicable,

9 for the original study on which

10 the present article is based

11 Accessibility of . RECORD 22.1: Authors should in press/

12 protocol, raw provide information on how to access | forthcoming

13 data, and any supplemental information such as | JMIR article:

14 programming the study protocol, raw data, or https://www.ncbi.
12 code programming code. nlm.nih.gov/pubm
17 ed/management/v
18 alidator/909A44E
19 74F70/citations/?s
20 tart=0

21

22 *Reference: Benchimol El, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Serensen HT, von Elm E, Langan SM, the RECORD Working
Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement. PLoS Medicine 2015;
25 1npress.

27 *Checklist is protected under Creative Commons Attribution (CC BY) license.
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