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Abstract: Adverse drug reaction (ADR) risk-prediction models for use in older adults have
been developed, but it is not clear if they are suitable for use in clinical practice. This systematic
review aimed to identify and investigate the quality of validated ADR risk-prediction models
for use in older adults. Standard computerized databases, the gray literature, bibliographies, and
citations were searched (2012) to identify relevant peer-reviewed studies. Studies that developed
and validated an ADR prediction model for use in patients over 65 years old, using a multivari-
able approach in the design and analysis, were included. Data were extracted and their quality
assessed by independent reviewers using a standard approach. Of the 13,423 titles identified,
only 549 were associated with adverse outcomes of medicines use. Four met the inclusion cri-
teria. All were conducted in inpatient cohorts in Western Europe. None of the models satisfied
the four key stages in the creation of a quality risk prediction model; development and valida-
tion were completed, but impact and implementation were not assessed. Model performance
was modest; area under the receiver operator curve ranged from 0.623 to 0.73. Study quality
was difficult to assess due to poor reporting, but inappropriate methods were apparent. Further
work needs to be conducted concerning the existing models to enable the development of a
robust ADR risk-prediction model that is externally validated, with practical design and good
performance. Only then can implementation and impact be assessed with the aim of generating
amodel of high enough quality to be considered for use in clinical care to prioritize older people
at high risk of suffering an ADR.

Keyword: aged, stratified care, prognosis, medication-related harm

Introduction

Adverse drug reactions (ADRs) have long been recognized as a potential outcome
of taking medicines, and while the severity of such reactions may vary, a significant
proportion of ADRs are responsible for hospital admissions.' Investigators have strived
to identify the key factors that increase a person’s risk of suffering an ADR, especially
in older adults, a group nearly seven-times more likely to be hospitalized due to an
ADR when compared to younger people.?

We know that the changes in drug pharmacokinetic and pharmacodynamic proper-
ties that occur as a result of the aging process often lead to an increased susceptibility to
ADRs.? Polypharmacy, a frequently reported risk factor for ADRs,* is on the increase
as people live longer with multiple chronic conditions, so stratifying an older patient’s
risk of suffering an ADR might be attractive.

Risk prediction is a routine component of everyday medicine in both specific
areas (for example, approaches used to determine stroke risk in patients with atrial
fibrillation)® as well as more generally, to identify patients at risk of hospital admission.®
ADR risk stratification in older adults could assist in case prioritization, supporting
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clinicians and patients to make informed decisions about
treatments and for the delivery of a more efficient health
care service.

Accurate risk prediction models are the result of four key
stages: development, validation, impact, and implementa-
tion.” It is recognized that often only the first two stages (ie,
development and validation) are completed, the methods and
outcomes of which are often poorly reported.’ Furthermore,
to be of practical use, these models should use clearly defined
casily obtainable data, have good predictive power, be tested
in a large sample representative of the target population, and
have high reliability and face validity.” A recent systematic
review emphasized that failure to consider risk prediction in
a clinical setting can result in poor care.® With regard to the
prediction of medication risk in older adults, as no systematic
review of this area has been undertaken, we aim to identify
and assess the quality of validated ADR risk-prediction mod-
els for use in adults over 65 years of age in order to determine
their potential benefit to clinical practice.

Method

Information sources and search

A systematic search for published material was performed,
up to November 30, 2012, using standard databases (Embase,
Medline, Cochrane Library, BNI, CINAHL, NeLM, IPA)
to identify relevant studies as well as those associated with
policy documents and unpublished work (Department of
Health, King’s Fund, Worldcat, Open Grey, Google Scholar).
For the key studies, the bibliographies and citations were
reviewed, and an author search was performed, to identify
any additional studies.

Our search strategies for each database included no
restrictions and used standard terms based around three key
concepts: older people; medication-related problems; and
clinical prediction models. The full Embase search strategy
is provided in Table S1.

Inclusion criteria and selection

Two researchers (JMS and SDE) independently screened

titles, abstracts, and, where necessary, full texts in order

to identify studies that potentially satisfied the following

inclusion criteria:

e Majority of patients =65 years old

e Included patients who experienced an adverse drug event
(ADE) or ADR but excluded prescription errors

e A multivariable approach in design and analysis was
followed

e The model had been validated.

Data extraction

Data were extracted (by JMS) to provide details of the
population characteristics, study design, process of model
development and validation, and performance of the model,
as presented in Tables 1 and 2. This was confirmed by sec-
ondary reviewers (SDE and ATP) and, where disagreement
occurred, this was resolved through discussion.

Quality assessment

All papers were initially reviewed (SDE and JMS) using a
standard approach for developing and testing clinical predic-
tion models to satisfy a range of criteria representing four
stages: development (identification of candidate predictor
variables and model design); validation (testing the perfor-
mance of the model); impact (measurement of usefulness
in the clinical setting); and implementation (widespread
acceptance and adoption in clinical practice).’

As no standardized quality assessment for risk-prediction
models is available, each study was analyzed using criteria
derived from the published literature.* ' Candidate predic-
tor variables were grouped into three categories to allow for
comparison between studies: demographic factors; medical
factors (eg, comorbidities); and medication factors (eg, class of
medicine). Event rate was calculated as percentage ADR/ADE
rate where it was not reported by the authors in this form. Qual-
ity of design and reporting of the studies was compared based
on ability to comply with the standard criteria (Table S2). The
overall performance of the models was determined by review of
their accuracy, discrimination, and calibration through internal
or external validation, as described in detail in Table S2.

Results

A total of 13,423 potentially relevant titles were identified from
the literature, of which only 549 were associated with adverse
outcomes of medicines use. The majority of these (535) were
excluded on review of their abstract as they were not associated
with the design of a risk prediction model; many of these were
observational (see Figure 1). Full papers were requested for
the remaining 14 articles for further scrutiny, and four met the
inclusion criteria and were subjected to a full evaluation.!>"

Excluded papers

The 535 articles excluded could be categorized into obser-
vational studies (325), those in which indicators to support
quality prescribing were developed (63 studies; for example
Beers’ criteria'®), and those applying the prescribing indi-
cators (147 studies) to determine any association between
inappropriate medicines and adverse outcomes.
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Records identified through
database searching
(n=12,269)

Identification

Additional records identified through other
sources, eg, hand search, gray literature

(n=1,154)

Total number of records
(n=13,423)

Screening

Records screened by
title/abstract
(n=13,005)

Potentially eligible studies
(n=549)

Eligibility

Full text articles assessed
for eligibility
(n=14)

Studies included in

Include

systematic review
(n=4)

Figure | PRISMA% flow diagram.
Abbreviations: ADE, adverse drug event; ADR, adverse drug reaction.

Included papers
Population characteristics
All included studies were conducted in Western Europe, and
only in the hospital setting (acute, community, and rehabilita-
tion hospitals) (Table 1).!%'* Two studies represented the very
elderly (aged over 80 years).'*!s Patient functionality was
reported by Onder et al'* Tangiisuran,'* and McElnay et al'
and was measured using patient-perceived health status, Katz
Index, and Barthel Index.

The primary outcome in all of the studies was ADR,"
with one study using ADE synonymously'® and another!?

Duplicates removed
(n=418)

Records excluded: not relevant
(n=12,456)

Records excluded (n=535)
* Observational — identification of risk factors

for ADE/ADR (n=325)

e Development of inappropriate prescribing

criteria and methods to identify risk
of ADE/ADR not using logistic regression (n=63)

* Application of inappropriate prescribing criteria

(n=147)

Full text articles excluded (n=10)
e Outcome not ADE/ADR (n=3)
e No predictive model (n=5)

* No validation (n=2)

including ineffective treatment in an extended definition. The
proportion of patients who experienced an ADR/ADE ranged
from 6.5% to 39%, with gastrointestinal, cardiovascular,
and nervous systems being those most frequently affected.
Medications most frequently associated with ADRs/ADEs
included psychotropics, anticoagulants, and analgesics.

Quality assessment — overview
Whilst all models included the development and validation
phases, none addressed the impact and implementation

phases.
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Model development

Study design

During the development phase, all except Onder et al'* used a
prospective case-cohort design method, where events accrued
over the study period. Onder et al extracted 3 years of data
from a historical database, whereas data were extracted
over 1-6 months in the other studies. Patient medical notes,
in-patient charts, and electronic records were reviewed in
the prospective studies.'>'*!> In addition, McElnay'? asked
a sample of the patients about aspects of their medicines,
while Trivalle et al'® used patient self-reporting as a trigger
for further analysis. The validation phase was conducted
prospectively for all studies except for that of Trivalle et al
where bootstrapping was used.

Participant recruitment

The criteria for inclusion and exclusion as well as any loss
to follow-up were clearly described in all studies, although
reporting of patient selection was poor (Table 2). An
unknown number of patients were excluded by Onder et al
due to incomplete data.'

Candidate predictors

The handling of candidate predictor variables was gener-
ally poor. In all studies, the description of the variables was
inadequate; where Trivalle et al'® did not report the potential
candidate variables, McElnay et al'? Tangiisuran'® and Onder
et al'* used variables with unclear definitions, eg, “previous
ADR?”. Despite being labeled as a “bad idea”,'® dichoto-
mization of continuous candidate predictor variables (eg,
four or more comorbidities, more than eight medications,
previous ADR) was common practice, and may explain
the failure to consider conformity to the linear gradient in
all'>! but the Trivalle et al study.'® Interactions were poorly
addressed, as was the coding of variables. Insufficient detail
in the results made it difficult to establish whether tests that
were mentioned in the methods had been implemented;
eg, McElnay et al'? reported testing for interactions and
colinearity, but this was not followed through to the results.
Predictor-variable measurement was blinded for outcome in
the development phase in three of the four studies.!>!*!

Outcome

The occurrence of an ADE/ADR was the primary outcome
measure for all studies. A validated assessment of causality,
in the form of the Naranjo algorithm' or Hallas criteria,
was adopted by all but Trivalle et al who used their own
checklist.’® The outcome was recorded in the form of

continuous categorical data (ie, unlikely, possible, prob-
able, definite) then collapsed to produce a binary outcome.
Possible, probable, and definite were combined as a positive
outcome. Blinding to the outcome occurred in all four studies
during the validation phase.

Statistical power

The poor description of potential candidate predictor vari-
ables made it impossible to determine if the studies were
adequately powered (Table 2).

Selection of predictor variables

The method of selection of predictor variables for inclusion
within the multivariable analysis was described in all of the
studies (Table 2). Tangiisuran'® provided the most detailed
description, whilst Trivalle et al' provided the least detailed
description. Mixed methods (using the literature, expert
opinion, and univariate analysis) were used by Tangiisuran.'?
Onder et al appeared to have used univariate analysis alone.'*
There was variation in the significance levels used to retain
a predictor variable.'>"

Model performance and validation
The area under the receiver operator curve was used to assess
discrimination in three of the four studies, and was 0.70-0.74
for the development phase.'*!5 Sensitivity and specificity were
reported by Tangiisuran,'* Onder et al'* and McElnay et al.?
Calibration was only reported by Tangiisuran,'* for which Hos-
mer-Lemeshow was satisfactory but Nagelkerke?! was low.
All models underwent the subsequent stage of validation
using a second dataset. Internal validation was reported by
McElnay et al'?> and Trivalle' in the form of split sample
and bootstrapping, retrospectively. External validation was
performed by Onder et al'* and Tangiisuran" in the same
European cohort. Another research group (O’Connor et al*?)
subsequently applied the model developed by Onder et al'4
providing additional external validation (Table 1). Area under
the receiver operator curve in the validation phase ranged
from 0.623 to 0.73 (Table 3). The number of patients involved
in the external validation ranged from 204 to 483.'>'322 Only
the study by O’Connor et al*> met the recommended mini-
mum number of events (100 events and nonevents).

Score development

Predictor variables within the final models (Table 3) were
attributed a points-based score, which was simplified for
practical application.*!> McElnay et al did not proceed
to this stage due to the poor performance of their model.'?
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Table 3 Summary of final ADR risk-prediction models

Author Significant variables in  Variable coefficient OR (CI) Attributed Validation
multivariate analysis score
McElnay et al'? Prescribed antidepressants  1.7569 5.7942 (2.12-15.85)  None Internal (204 patients)
Prescribed digoxin 0.6884 1.9905 (1.05-2.33) Accuracy 63.0%
Gastrointestinal problems  0.7704 2.1606 (1.13-4.15) Sensitivity 40.5%
Abnormal potassium level ~ 0.9455 2.5740 (1.35—4.91) Specificity 69.0%
Thinks drugs were 1.4375 4.2103 (2.18-8.14)
responsible —-1.7861 0.1676 (0.07-0.42)
Experiences angina 0.8779 2.4057 (1.06-5.44)
Experiences COAD —1.0997 (constant)
Tangiisuran'® Hyperlipidemia 1.199 3.316 (1.811-6.072) | External (483 patients)
Number of medications =8  1.194 3.300 (1.927-5.651) | Sensitivity 80.0%
Length of stay =12 days 0.819 2.269 (1.345-3.826) | Specificity 55.0%
Use of hypoglycemic 0.645 1.906 (1.040-3.493) | AUROC 0.73 (95% Cl 0.66-0.80)
agents 0.437 1.548 (0.940-2.548) |
High white blood cell —3.628 (constant)
count on admission
Onder et al'* =4 comorbidities Not reported 1.31 (1.04-1.64) | External (483 patients)
(O’Connor etal)?  Heart failure 1.79 (1.39-2.30) | Sensitivity 68%
Liver disease 1.36 (1.06—1.74) | Specificity 65%
Number of drugs =5 | Reference - AUROC 0.70 (95% Cl 0.63-0.78)
Number of drugs 5-7 1.9 (1.35-2.68) | External (513 patients)
Number of drugs =8 4.07 (2.93-5.65) 4 AUROC 0.623 (95% Cl 0.570—
Previous ADR 2.41 (1.79-3.23) 2 0.676)
Renal failure 1.21 (0.96-1.51) |
Trivalle et al'® Number of medications Not reported 1.9 (1.6-2.3) - Internal (bootstrap)
0-6 2.5 (1.5-4.1) 0 AUROC 0.70 (95% Cl 0.65-0.74)
7-9 2.0 (1.1-1.37) 6
10-12 12
=13 18
Antipsychotic treatment 9
Recent anticoagulant 7

Abbreviations: ADR, adverse drug reaction; AUROC, area under the receiver operator curve; Cl, confidence interval; COAD, chronic obstructive airways disease; OR, odds ratio.

The score developed by Onder et al'* was on a points-based
system derived from the odds ratio. There was no assess-
ment to determine if any of the predictive ability was lost in
this simplification. Tangiisuran'? assigned one point to each
predictor variable based on the “variable coefficient being
of the same magnitude”. It is unclear how Trivalle et al'®
assigned the values to each predictor variable.

Impact and implementation

The impact and implementation of these models have not
been published, perhaps reflecting their poor to modest per-
formance. McElnay et al recognized the limitation of their
level of performance,'? and both Tangiisuran and Onder
et al called for further external validation of their models.'>!*
However, Trivalle et al'’®* concluded that their model could
be applied in clinical practice alongside other tools, eg, Mini
Mental State Exam. It is also worth considering some of the
difficulties highlighted by O’Connor et al*? in the application
of Onder et al’s' model that are due to unclear definition

of predictor variables.'*** Similar challenges are likely to
arise when applying results from Tangiisuran, Trivalle et al
and McElnay et al given the poorly defined predictor
variables.'>!*!5 The use of variables such as length of stay
would also make prospective risk stratification impossible.

Discussion

Our review suggests that the four models identified, which
were designed to predict the risk of older patients suffering
an ADR, are not yet suitable for use in clinical practice.
While only two (Tangiisuran and Onder et al) were exter-
nally validated, their ability to discriminate between those
who had experienced an ADR and those who had not was
only modest.">!* This could result in a failure to identify
patients at high risk of experiencing an ADR. Furthermore,
none were subjected to the investigational rigor required
when producing a risk-prediction model; in particular, none
reported the findings of impact and implementation stages,
thus widening the gap between research potential and clinical
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application. Pressures within health care systems are driving
a need for robust clinical risk-prediction models to inform
care provision, but, to be useful, these models must be of
high statistical quality and be clinically relevant.

All four studies had limitations commonly reported in the
prognostic research literature.” Three failed to provide suf-
ficient information relating to events-per-variable ratio!*!*!3
and one was insufficiently powered (Tangiisuran),'* so the
risk of a type II error (false negative finding) was more
likely.? All studies dichotomized their predictor variables
(eg, when categorizing the number of medicines) and out-
comes (eg, collapsing a continuous ADR causality scale),
despite this practice being suboptimal.'®* The use of unrep-
resentative samples and the management of missing data
were also problematic, regardless of whether a retrospective
or prospective design was used. In addition, there was often
a lack of reporting of candidate predictor variables, which
could hinder replication by others.?*

So, if the current risk prediction models have shortcom-
ings, what can we do to limit older adults experiencing
ADEs? Although research investigating medication risk
in older adults is widespread, the 535 titles identified in
our initial search were often associated with other, mainly
system-based, approaches to managing risk, and a substan-
tial proportion were observational in nature. This body of
evidence documents the complexity of medication risk in
older adults and highlights the multidimensional nature
of this field, which includes: clinical aspects, such as the
changes in drug handling demonstrated in older age; social
risk factors, especially during the transfer of care between
different settings; and high-risk medicines, where the
risk of medicines are considered but not always balanced
against the potential benefits. Furthermore, the difficulty in
determining whether a patient has experienced an ADR is
challenging given the progressive nature of aging, where
functional decline and loss of independence are common.
Unfortunately, as older adults are often excluded from
clinical trials, this limits our understanding of medicine
risk in this population, and can result in inappropriate
extrapolation of clinical guidelines, often based on research
in younger patients.

So, is there a place for risk models in this care setting?
A more common strategy is to adopt a systems approach
to medicines use where pharmacological appropriate-
ness is monitored, usually by applying a list of prescribing
indicators: for example, Beer’s criteria.'® The recognized
limitations of such an approach are that it is time-consuming
if used in routine care and can be viewed as one-dimensional.
This focus on specific medicines often restricts, due to

formulary and licensing issues, value in an international
context. Perhaps the way forward is a hybrid whereby risk
models bring a multidimensional perspective to guide clinical
intervention, delivered as part of an integrated system built
around the principles of medication safety. If models can
map this complex interplay between clinical, social, and
medication-related variables to stratify an individual’s risk of
a future ADE, they may become a useful decision support tool
for clinicians and patients to be used alongside systems-based
approaches. This approach could help prioritize interventions
for those patients at highest risk. Ultimately, the variables
associated with medication risk, eg, polypharmacy and renal
impairment, are inherent in clinical decisions and form part of
a clinician’s intuitive risk assessment when prescribing medi-
cines. Furthermore, clinicians often modify decisions based
on individual variability, whereas a statistical model may not
be able to accommodate the clinical nuances and overcome
the gerontological phenomenon of age heterogeneity.> While
risk prediction models are not intended to replace clinicians’
decisions, they should not stratify patients less accurately than
clinicians. It would be helpful if future work could compare
a clinician’s risk stratification against that of an ADR risk-
prediction model. This work would help inform the clinical
relevance of the model and contribute to the impact and imple-
mentation research that is thus far lacking. In the meantime,
useful strategies that clinicians may adopt to prevent ADRs
occurring are: ensuring that reliable medicines reconciliation
is undertaken; avoiding the prescribing cascade (where a drug
is prescribed to manage the problem caused by another); and
the routine optimization of drug use in line with renal and
liver function.

While conducting this systematic review, we could not
assess for publication bias using conventional methods such
as funnel plots due to the small number of studies available.?
Publication bias in favor of positive results has been raised
as a significant problem in the area of cancer risk-prediction
research, and it is likely to be present in this area in which
negative results remain unpublished.?’” The proposal to
develop reporting guidelines that stipulate registration of
all risk-prediction research should go some way in reducing
future reporting bias.?® These guidelines could also be applied
to protocols and manuscripts when designing or publishing
risk-prediction research, and may be a more suitable tool
for quality assessment in the future.”” In the absence of a
consensus guideline, we used an amalgamation of standards
for reporting risk-prediction research to carry out this review.
This approach should reduce the likelihood of any important
quality measures being excluded. In the future, recommenda-
tions developed by the Cochrane Prognosis Methods Group

Clinical Interventions in Aging 2014:9

submit your manuscript

1589

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Stevenson et al

Dove

and the Prognosis Research Strategy Partnership should
assist investigators in combating the challenges present when
conducting risk-prediction research.?2%%

Conclusion

Risk stratification is attractive, especially in older patients
where the population is growing and placing an increased
demand on the health care service, a service that is woefully
underprepared for the projected global growth to over
2 billion people over the age of 60 years by 2050.° We identi-
fied four ADR risk-prediction models with poor to modest
performance and raised questions about their overall quality,
a finding not uncommon in the area of risk-prediction
research. If these models are to be embraced as part of routine
clinical care, further work needs to be conducted so that exter-
nal validity can be assured and a practical approach upheld.
Only then can implementation and impact be assessed with
the view to adoption as part of a systems approach within
routine clinical care.
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Supplementary materials

Table S| Embase search strategy indicating the order in which the terms were entered and how they were combined

Risk tool
I. risk assessment.mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword]
exp prediction/
exp scoring system/
exp clinical assessment tool/
exp risk factor/
exp risk management/
exp decision support system/

® N o U AW

risk stratification.mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword]
9.lor2or3or4or5oré6or7or8

Medication related problem

10. exp adverse drug reaction/

I 1. adverse drug event*.mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword]

12. adverse drug reaction*.mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword]

I3. medication related problem*.mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword]

14. drug related problem*.mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword]

15. exp medication therapy management/

16. drug/ae [Adverse Drug Reaction]

17. exp polypharmacy/

18. exp medication error/ae, pc [Adverse Drug Reaction, Prevention]

19. inappropriate prescri*.mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword]

20. (readmission and drugs).mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword]

2

. patient compliance.mp. [mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword]

22. 10or Il orl2or13orl4orl5orléor17or I8or19or20or2l

Elderly

23. aged/

24. exp aging/

25. exp elderly care/

26. older people.mp.

27. older person.mp.

28. aged over 80.mp.

29.23 or 24 or 25 or 26 or 27 or 28 or 29*

Combined terms

30. 9 and 22 and 29*

Notes: “The numbers demonstrate how search terms have been combined ie, all of the terms for the risk tool were combined in Step 9 of the search. Then these combined

terms were combined with those from all those relating to medication related problems ie, Step 22 and with terms relating to elderly ie, Step 29. This resulted in a combined

search of the terms listed in Steps 9 and 22 and 29.
Abbreviations: exp, explode all trees; mp, multiple posting.
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Table S2 Criteria to consider when evaluating the quality of risk prediction models

Standard Explanation Example

criteria®

Study design Prospective: allows optimal collection of potential candidate variables; Prospective study design, n=690,
smaller dataset often generated. all exclusions were for appropriate
Retrospective: enables use of large previously collected datasets; quality reasons.'
of candidate variable data may be compromised due to missing data, Retrospective study design, n=5,936,
which rarely occurs at random. unknown number of exclusions due to

missing data.?
Participant Inclusion and exclusion criteria should be clearly described to allow full Interview data was only collected for half

recruitment

Candidate
predictor
variables

Outcome

Statistical power

Selection of

variables

Model
performance

assessment of patient population studied.

Any systematic variation in recruitment of patients should be viewed
with caution due to risk of sampling bias.

There is no predetermined satisfactory number for loss to follow-up;
however, it should be considered that missing data impacts on the
statistical power of the study.

Variables and their measurement should be clearly defined to allow for
replication.

Investigators should be blind to outcome to reduce risk of bias.
Continuous variables should be assessed for conformity to linear
gradient.

Not necessary for dichotomous variables; however, dichotomization of
continuous variables not recommended as it impacts on the statistical
power of the study.

Correlation (test for colinearity) between risk variables should be
examined and reported.

Method of measuring outcome: must be reproducible and, where
assessment scales are applied, these should be validated to increase
accuracy and reproducibility of the measurement. Dichotomization of
continuous outcomes is not recommended as it can affect statistical
power.

Sample size is calculated based on number of outcome events per
variable, where ten events per variable is often recommended. A high
number of variables and a rare outcome can result in over-fitting of the
model, causing poor generalizability.

Independent variable selection should be described clearly, and can be
based on the literature and/or statistical association as determined by
univariate analysis with outcome variable. Selection based upon univariate
analysis alone increases likelihood of developing an over-fitted model.
Inclusion of variables applicable to over 5% of population may help
exclude artifact variables.

Fitting procedure (entering of variables into model) should be explicitly
stated, including removal criteria.

In both development and validation phases, assessment of discrimination
and calibration should be reported to determine how well the model
distinguishes those who have an ADR from those who have not, as

well as how close the prediction is to the observed outcome for that
risk group.

AUROC >0.7 is often deemed acceptable, but this alone is not sufficient
to determine the clinical usefulness of the model.®

Assessment of the generalizability of the model is important to determine
the accuracy of predictions in another population and is recommended
prior to routine clinical application. Internal validation, by methods such
as bootstrapping (data resampling) or split-sample, assesses how well
predictors correspond to the outcome, but leads to optimistic estimates
of model performance. External validation is more rigorous and enables
assessment of accuracy when the model is applied by investigators not
involved in the development of the model.

of the patients during the development
phase.

Patients not wishing to participate in the
interview may systematically differ.?

Unclear how key variables, eg, liver
disease, were defined. To replicate,
study investigators would be required
to apply their own definition, which may
have an impact on reproducibility.?

Investigators generated own causality
assessment of unknown validity.*
Applied widely-used validated causality
assessment (Naranjo algorithm).?

Reported 86 ADRs in a sample of 690
patients and assessed 34 candidate
predictor variables, resulting in only 2.5
events per variable.'

Variables were entered into multivariate
analysis if P<<0.05 after univariate analysis,
or if P<<0.25 for variables identified from
other studies. Liver disease was removed
as it applied to <<5% of population.
Backward elimination and forward
selection were used with a removal
criteria of P=0.10.!

Discrimination (AUROC) and calibration
(Hosmer-Lemeshow) reported in the
development and validation phases.'
Trivalle applied bootstrapping.®

Onder applied external validation
whereby the model was applied by
investigators not involved in the
development of the model and in a
different geographical location.”

Note: *Criteria derived from the published literature &
Abbreviations: ADR, adverse drug reaction; AUROC, area under the receiver operator curve.
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