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Abstract

Background: Identifying patients at high risk of drug-related hospital admis-

sion (DRA) may help to efficiently target preventive interventions. We devel-

oped a score to predict DRAs in older patients with multimorbidity and

polypharmacy.

Methods: We used participants from the multicenter European OPERAM trial

(“Optimising PharmacothERapy in the Mutlimorbid Elderly”). We assessed the

association between easily identifiable predictors and 1-year DRAs by

univariable logistic regression. Variables with p-value< 0.20 were taken for-

ward to backward regression. We retained all variables with p < 0.05 in the

model. We assessed the C-statistic, calibration (observed/predicted propor-

tions), and overall accuracy (scaled Brier score, <0.25 indicating a useful

model) of the score, and internally validated it by tenfold cross-validation.
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and Innovation (SERI) under contract
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Results: Within 1 year, 435/1879 (23.2%) patients (mean age 79.4 years) had a

DRA. The score included seven variables: previous hospitalizations, non-elective

admission, hypertension, cirrhosis with portal hypertension, chronic kidney disease,

diuretic, oral corticosteroid. The C-statistic was 0.64 (95% CI 0.61–0.67). Patients
with <1 point had a 12.4% predicted and observed risk of DRA, while those with

>3 points had a 40.4% predicted and 38.9% observed risk of DRA. The scaled Brier

score was 0.05. Calibration showed an adequate match between predicted and

observed proportions.

Conclusion: Comorbidities related to drug metabolism, specific medications,

non-elective admission, and a history of hospitalization, were associated with a

higher risk of DRA. Awareness of these associations and the score we developed

may help identify patients most likely to benefit from preventive interventions.
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INTRODUCTION

Due to multiple competing comorbidities and usually
single-disease-focused guidelines, patients with multimor-
bidity frequently receive multiple medications.1–3 This leads
to an increased risk of drug-related admissions (DRAs).

While several parameters associated with adverse
drug events (ADEs) have been identified,4–9 DRA-specific
risk factors have not been studied in depth. While a few
models have been developed to predict ADEs, we are
aware of only one score to predict DRAs in older adults:
the PADR-EC Score.9–11 However, this score was devel-
oped in a cohort including only patients hospitalized in a
medical department and did not focus on patients with
multimorbidity and polypharmacy. Furthermore, the var-
iable “drug changes in the preceding 3 months” may not
be readily available, and it is not clear which medications
were defined as “anticholinergics”.

To prevent DRAs, it is important to better understand
DRA risk factors and identify patients at higher risk. In
this study, we developed a model to predict 1-year DRAs.

METHODS

Study design and population

We used the participants (≥70 years, ≥3 chronic condi-
tions, ≥5 long-term medications, 4 European countries)
of the OPERAM trial, described previously.12,13 The inter-
vention did not significantly reduce 1-year DRAs (pri-
mary outcome, HR 0.95, 95% confidence interval
[CI] 0.77 to 1.17).13 Participants who died during follow-
up were included in this analysis.

Variables of interest

For inclusion in the model, we considered variables
previously associated with ADEs4–11,14 and easily
identifiable in clinical practice (so the model can be
implemented straightforwardly), including (1) demo-
graphics (age, sex); (2) comorbidities included in the
Charlson Comorbidity Index;15,16 (3) other com-
orbidities: anemia, atrial fibrillation, hypertension,
depression, according to International Classification of
Diseases version 10 (ICD-10) codes (Text S1)17; anemia
(ICD-10 code for acute or chronic anemia and/or
admission hemoglobin <120 g/L [women]
and < 130 g/L [men])18; (4) number of individual
brand products and specific medication classes at
admission (Text S2); (5) hospitalizations within 1 year

Key points

• We developed and internally validated a score
including seven readily available variables to
predict DRAs in older hospitalized patients
with multimorbidity and polypharmacy.

• The score showed good overall accuracy and
calibration and moderate discrimination.

Why does this paper matter?

The new score we developed and internally vali-
dated may help to identify patients at higher risk
of DRA, which may help to focus preventive
measures on the patients most likely to benefit.
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and ER visits within 6 months before admission; (6) index
hospitalization characteristics (urgent/elective, surgical/
medical ward, length of stay, discharge destination).
Although hyperlipidemia was associated with DRAs in the
BADRI model, this variable was missing in most patients
and thus not considered for inclusion (reflecting also vari-
able availability in real-life practice).11

Outcome

The outcome of interest was the first 1-year DRA,
defined as a hospitalization >24 h, with an ADE as a
main or contributory reason for admission, including
harm due to non-preventable adverse drug reactions
and preventable medication errors related to over-,
mis-, and underuse, or over-, mis- and under-
prescribing.5,19,20 DRAs were assessed by an independent
blinded and trained adjudication committee, following
specific adjudication guidelines.21

Statistical analyses

Firstly, we assessed the association between each pre-
dictor and DRA by logistic regression adjusted for the
intervention group because the OPERAM trial inter-
vention aimed at reducing DRAs. All variables with a
p-value <0.20 (to avoid excluding potentially useful
predictors by setting a lower significance level)9–11,22

were taken forward to a multivariable backward logis-
tic regression. We retained only variables statistically
significant at a p-value <0.05 in the final model. We
then attributed a number of points to each variable by
dividing its coefficient by the lowest coefficient (abso-
lute value). To simplify interpretation, we defined two
risk categories: lower (number of points < upper quar-
tile), and higher (number of points > upper quartile).
We assessed the following performance parameters:
(1) Discrimination, using the C-statistic with boo-
tstrapping with 1000 replications to compute the 95%
confidence interval (CI). We internally validated
the C-statistic using ten-fold cross-validation.23

(2) Calibration, comparing predicted and observed
risks for each number of points, and for the lower-risk
and higher-risk categories, and evaluating statistical
significance with the Hosmer-Lemeshow goodness-of-
fit C-statistic (significant p-value indicating overall
lack of fit).24 (3) Overall accuracy of the model using
the scaled Brier score (the lower the better; <0.25
indicating a useful model).24,25 We performed all
analyses using Stata/MP 16.0 (StataCorp LP, College
Station, Texas).

RESULTS

Baseline characteristics

In the OPERAM trial, 119 patients withdrew consent, and
10 were lost of follow-up, yielding a sample of 1879
patients with data on 1-year DRA. Baseline characteristics

TABLE 1 Baseline characteristics according to drug-related

hospital admissions at 1 year

Characteristic
DRA
(N = 435)

No DRA
(N = 1444)

Age, years 79.8 (6.5) 79.3 (6.2)

Female 179 (41.2) 656 (45.4)

Site of inclusion

Belgium 73 (16.8) 265 (18.4)

Ireland 77 (17.7) 253 (17.5)

The Netherlands 85 (19.5) 321 (22.2)

Switzerland 200 (46.0) 605 (41.9)

Chronic comorbidities, number 4.7 (2.2) 4.1 (2.1)

Chronic medications, number 11.1 (4.6) 9.9 (4.1)

≥1 hospitalization <1 year 267 (61.4) 697 (48.3)

Non-elective admission 360 (82.8) 1078 (74.7)

Length of stay, days 11.5 (10.4) 12.2 (15.1)

Surgical ward 49 (11.3) 254 (17.6)

Comorbidities

Anemia 282 (64.8) 832 (57.6)

Atrial fibrillation 108 (43.2) 498 (34.5)

Congestive heart failure 149 (34.3) 362 (25.1)

Chronic kidney disease 157 (36.1) 390 (27.0)

Stroke 126 (29.0) 415 (28.7)

Diabetes 111 (25.5) 309 (21.4)

Chronic pulmonary disease 140 (32.2) 364 (25.2)

Hypertension 283 (65.1) 1040 (72.0)

Cirrhosis with portal hypertension 9 (2.1) 9 (0.6)

Medications

Antihypertensive 374 (86.0) 1197 (82.9)

Antithrombotica 359 (82.5) 1112 (77.0)

Proton pump inhibitor 264 (60.7) 806 (55.8)

Psychotropicb 181 (41.6) 545 (37.7)

Antidiabetic 108 (24.8) 306 (21.2)

Diuretic 247 (56.8) 690 (47.8)

Oral corticosteroid 86 (19.8) 168 (66.1)

Note: Categorical variables are presented as n (%), and continuous variables
as mean with standard deviation.
aIncluding both antiplatelets and anticoagulants.
bIncluding hypnotics, antidepressants, antipsychotics.
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according to the presence of DRA are described in Table 1.
Within 1 year, 375 (20.0%) of the patients died, among
which 101 (26.9%) with a previous DRA.

Drug-related admission rates and
predictors

Within 1 year after discharge, 435 (23.2%) of the 1879
patients had a DRA. In univariable analysis, the number
of hospitalizations in the year before index admission,
non-elective admission type, admission to a medical
ward, the number of comorbidities, congestive heart fail-
ure, atrial fibrillation, chronic kidney disease (CKD),
CKD stage 3, cirrhosis with portal hypertension, anemia,
blood malignancy, chronic pulmonary disease, the num-
ber of medications, diuretic, anticoagulants (not includ-
ing antiplatelets), and oral corticosteroids were associated
with a statistically significantly increased risk of DRA
(Table S1). Hypertension, calcium channel blocker, and
non-steroidal anti-inflammatory drugs were associated
with a statistically significantly reduced risk of DRA.
Nine additional variables were associated with DRA at a
p-value between 0.05 and 0.20, and thus also selected for
entering into the backward regression analysis.

Score to predict drug-related admissions

The final model included seven variables (Table 2). The
coefficient for hypertension was the smallest in absolute
value and thus used to compute the score points. The
score ranged from �1 to 12 points. The mean number of
points in the cohort was 1.9 (SD 1.7), with a median of
2 points. The upper (75%) quartile threshold was at
3 points, so the lower-risk category was defined as <3
points, and the higher-risk category as ≥3 points. A DRA

TABLE 2 Drug-related admission score

Variables OR (95%CI) Coefficient (SE) p-value Points

Hospitalizations <365 days, n

0 Reference Reference Reference 0

1–2 1.46 (1.15–1.86) 0.38 (0.12) 0.001 1

≥3 2.43 (1.74–3.38) 0.89 (0.17) <0.001 3

Non-elective admission 1.59 (1.20–2.11) 0.46 (0.14) 0.001 1

Hypertension 0.73 (0.57–0.92) �0.32 (0.12) 0.009 �1

Chronic kidney disease 1.41 (1.11–1.79) 0.34 (0.12) 0.005 1

Cirrhosis with portal hypertension 3.61 (1.38–9.42) 1.28 (0.49) 0.009 4

Diuretic 1.36 (1.09–1.71) 0.31 (0.12) 0.006 1

Oral corticosteroid 1.68 (1.25–2.26) 0.52 (0.15) 0.001 2

Score range — — — �1 to 12

Note: Variables with a p-value <0.20 in univariable logistic regression were used for backward selection in the multivariable model, with a p-value set at <0.05
for maintenance in the model. The model was adjusted for the intervention vs. control arm of the OPERAM trial, since the intervention aimed at reducing
drug-related admissions. The number of points for the score were attributed by dividing the coefficient by the lowest coefficient.
Abbreviations: CI, confidence interval; OR, odds ratio; SE, standard error.

FIGURE 1 Calibration of the score to predict 1-year drug-

related admissions. N, number of patients. Predicted versus

observed drug-related admissions at 1 year after discharge

according to a) risk category; 2) score points. Score ranged from �3

to 9 points (for a maximum of 12 points). Point categories with <5%

of patients were merged. Lower risk was defined as <3 points, and

higher risk as ≥3 points, corresponding to the upper quartile
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was observed in 194/573 (33.9%) higher-risk patients and
241/1306 (18.4%) lower-risk patients (Figure 1A).

The C-statistic was 0.64 (95% CI 0.61–0.67). Ten-fold
cross-validation showed good internal validity, with a C-
statistic of 0.63 (95% CI 0.59–0.66). Calibration was good,
as depicted by the well-matching predicted and observed
risks of DRAs (Figure 1), and a Hosmer-Lemeshow good-
ness-of-fit p-value of 0.82 (leading to rejecting the null
hypothesis of lack of fit). Patients with <1 point had a
12.4%-predicted and observed risk of 1-year DRA, while
those with >3 points had a 40.4%-predicted and 38.9%-
observed risk of DRA. The overall accuracy of the score
was good, with a scaled Brier score of 0.05.

DISCUSSION

In this multicenter European study, CKD, cirrhosis with
portal hypertension, diuretics, oral corticosteroids, non-
elective admission, and the number of hospitalizations
within the year before admission, were independent predic-
tors of 1-year DRAs in older adults with multimorbidity
and polypharmacy. The score had moderate discriminatory
power, but was very well calibrated and showed excellent
overall accuracy. The seven included variables are readily
extractable from medical records, providing a simple tool
that could be easily implemented in clinical practice during
hospitalization, to target DRA preventive interventions at
patients most likely to benefit, with potentially important
and positive implications to reduce DRA burden.

Given their importance in drug metabolism, renal
and liver dysfunction would be expected to increase the
risk of ADEs, as previously documented.10,14,26,27 Liver
disease was also included as a significant predictor in the
GerontoNet ADR Risk Score, and CKD in both the
GerontoNet ADR Risk Score and the PADR-EC Score,
previously developed in older hospitalized adults.10,14

This emphasizes the importance of monitoring renal
function to adjust prescriptions accordingly. Cirrhosis
with portal hypertension is less frequent than CKD but
was most strongly associated with DRAs. This may reflect
a lack of clear guidance on how best to adjust medication
regimens in liver disease, in contrast with well-developed
recommendations in CKD.

Diuretics are frequently started or their dosage modi-
fied in hospital, and have been identified as a major
cause of ADE and preventable DRA.6,8,14 While patients
are bed-bound for about 80% of hospital stay, symptoms
related to hypovolemia and orthostatic hypotension may
not become apparent during hospitalization.28 To avoid
adverse consequences after discharge, such symptoms
should be carefully assessed during hospital stay and
medications adequately adapted.

Systemic corticosteroids were previously associated
with ADEs in previous studies,8,14 and may also trigger
decompensation of pre-existing comorbidities such as
hypertension, diabetes and heart failure. It is important
to restrict their use as much as possible, to closely
monitor for ADEs, and provide co-medications as
indicated.29

Hypertension was negatively associated with DRAs.
This was unexpected since hypertension is frequently
treated with multiple medications that have a high poten-
tial of ADE. This association remained significant after
removing diuretics from the multivariable model or after
adjusting for medication count, suggesting that low-dose
diuretics used for hypertension are not associated with
DRA, however, diuretics at a higher dose for heart failure
are more frequently associated with DRA.

The discrimination of our score was moderate and
worse than for the PADR-ED Score (C-statistic 0.70).10

However, solely relying on discrimination to assess the
usefulness of a predictive model is not advisable, since
some important risk factors may have only a marginal
impact on the C-statistic, and a perfectly calibrated model
may have a C-statistic as low as 0.63.30 Our score showed
very good calibration, and excellent overall accuracy, and
has several advantages. Firstly, it does not include labora-
tory parameters not routinely measured at the hospital,
unlike the BADRI model for example.11 Secondly, it does
not require a medication history, as in the PADR-EC
Score,10 which may require contacting the primary care
provider or the dispensing pharmacy. Thirdly, our score
includes only three commonly-assessed comorbidities,
and not relatively ill-defined conditions such as dementia
as in the PADR-EC Score.10 Finally, the medications con-
sidered in the score are easily and clearly defined unlike
in the PADR-EC Score (not clear what should be defined
as anticholinergic).10 We thus provide a tool that could
be broadly and easily implemented in real-life clinical
practice.

This new score has potentially important implica-
tions. First, it could help for better risk stratification in
future clinical trials testing an intervention to prevent
DRAs. Second, it could be applied to identify the differen-
tial effects of such interventions tested in past trials.
Third, it could be used for benchmarking to compare the
predicted versus observed DRAs across health systems.

Limitations and strengths

This study has some limitations. Firstly, ICD codes may be
subject to underreporting or overcoding, and are available
only after discharge; however, the diagnoses included in
the score are easily identifiable without extended coding,

1514 AUBERT ET AL.



so we think it does not prevent using the score during hos-
pitalization. Secondly, the OPERAM trial included only
patients aged ≥70 years with multimorbidity and poly-
pharmacy, so our findings may not be generalizable to
younger or healthier patients. However, those patients
represent the most vulnerable population for ADEs
and DRAs and a large proportion of hospitalized
patients. Thirdly, medications causing the DRAs were
not specifically adjudicated, as most patients had mul-
tiple medications that might have contributed to DRAs.
Fourthly, our model could not account for post-
discharge factors that may have influenced DRA risk.
Fifthly, we did not assess its performance in different
subpopulations (e.g., medical vs. surgical). Sixthly, the
1-year time horizon might explain a lower accuracy of
the score. Finally, the OPERAM trial intervention
aimed at reducing DRAs, so that DRA risk may have
differed between patients in the intervention and con-
trol arms. However, this is unlikely because the
OPERAM intervention did not significantly reduce
1-year DRAs,13 and we adjusted for the study arm
(variable not significant in any model).

This study has some significant strengths. Firstly,
DRAs were adjudicated by a blinded trained committee.
Secondly, all data were collected prospectively and sys-
tematically according to a predefined protocol. Thirdly,
the sample size and number of measured outcomes
allowed for the assessment of multiple predictors. Finally,
our sample included medical and surgical patients,
increasing the generalizability of our results.

Conclusion

In multimorbid older patients with polypharmacy,
comorbidities affecting drug metabolism, diuretics,
oral corticosteroids, non-elective admission, and the
number of previous hospitalizations, were signifi-
cantly associated with a higher risk of 1-year DRA.
Our findings should raise prescriber awareness for
patients with chronic renal or liver disease, as well as
for those receiving high-risk medications, such as
diuretics and systemic corticosteroids. The simple
DRA prediction score we developed, which showed
very good calibration and excellent overall accuracy,
could be easily implemented in clinical practice dur-
ing hospitalization as a support to identify higher-risk
patients who may most benefit from preventive inter-
ventions to reduce the risk of DRAs.
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