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Abstract Background: Drug-related morbidity has been associated with increased
healthcare costs and has been suggested as one of the leading causes of death.
Previous reviews have identified heterogeneity in research methods in studies
measuring the cost of drug-related morbidity. To date, no attempt has been
made to analyse different methods and cost sources used when estimating the
costs of drug-related morbidity.

Objective: The aim of this review was to evaluate and compare methods and
data sources in cost estimates of drug-related morbidity.

Methods: A literature search was conducted in three electronic databases
(CINAHL, EMBASE and MEDLINE) to identify peer-reviewed articles written
in English and published between January 1990 and November 2011. Articles
were included if estimating the direct or indirect costs of drug-related morbidity
based on clinical data from general patient groups. The general patient groups
were defined as patients visiting, being admitted to, treated at or discharged from
a general hospital, excluding studies from nursing homes or specialized hospitals.
Study information was collected using a standardized data collection sheet.
Studies were categorized according to the type of costs included in the cost
analysis. Thereafter, the cost analyses of included studies were reviewed re-
garding viewpoint, costing methods and adjustments for timing of costs.
Results: In total, 9569 articles were identified, of which 25 publications were
included in this review, and four additional articles were identified from re-
ference or citation lists of publications already included. Eighteen studies
measured either the total or attributable costs of drug-related morbidity,
while seven studies estimated the increased costs using matched controls or
regression analyses. Six studies measured costs from a payer perspective,
while the other 23 measured costs to the hospital. One study included costs
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resulting after discharge, and discounted future costs, while the remaining 28
studies measured costs during the initial admission only and involved no
adjustment for timing of costs.

Conclusions: The data sources and costs measured in the included studies
varied considerably in terms of perspectives and use of data sources. Even
though there is a trend towards more studies estimating costs from the payer
perspective, the identified studies still focused on costs resulting from patients
attending hospital, therefore underestimating the cost of drug-related mor-
bidity. There is thus a need for more research on the costs of drug-related
morbidity to providers other than hospitals, and costs occurring outside of
hospitals and after the initial care episode. Such studies require clear de-
scriptions of how the costs of drug-related morbidity are measured, and
should adhere to published guidelines for observational studies and economic

evaluation studies.

1. Background

Drug-related morbidity includes unwanted
effects of drugs, such as adverse drug reactions
(ADRs), drug dependence and intoxications by
overdose, as well as insufficient effects of medi-
cines. Drug-related morbidity has been suggested
not only to affect the clinical outcome of drug
treatment, but also as a cause of increased health-
care use resulting in major costs.['1 However, little
is known about the actual costs to society and
individual patients, and resources needed for
prevention and monitoring of these outcomes.”!

Previous reviews!'3] have suggested there has
been large methodological heterogeneity between
studies measuring costs of drug-related morbidity,
e.g. methods for detection of cases of drug-related
morbidity, assessment of causal relationship be-
tween the drug and the resulting morbidity, and
how drug-related morbidity has been defined. In
2003, Rodriguez-Monguio et al.ll reviewed the
cost of drug morbidity in hospitalized patients,
ambulatory care and the population. The authors
concluded that results need to be interpreted care-
fully because of differences in, for example, meth-
odological approaches, inclusion of resources and
the healthcare system. In addition, cost studies
need to clearly describe, for example, the viewpoint
and timeframe of the economic analyses*>! and
which costs are included.[®” To our knowledge, no
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attempt has been made to evaluate the methods for
cost analysis used in studies measuring the cost of
drug-related morbidity. Economic analyses are
largely dependent on the sources of cost data.l®!
There is thus a need for reviewing the methods and
sources of cost data used within studies on the costs
of drug-related morbidity.

The aim of this review was to evaluate and
compare methods and data sources in cost esti-
mates of drug-related morbidity.

2. Methods

2.1 Identification of Studies on the Cost of
Drug-Related Morbidity

A literature search was conducted on 24 No-
vember 2011 in three electronic databases: CI-
NAHL, EMBASE and MEDLINE (via PubMed).
Headings and keywords emerged from screening
of search terms used in selected review studies on
drug-related morbidity and associated healthcare
utilization,[>13 and from headings or MeSH
terms identified from a selection of research papers
within the field.'*!"! Search terms were then
adapted to keywords or subject headings available
in each database (table I).

Observational studies of drug-related mor-
bidity, written in English and published electro-
nically between January 1990 and November

Drug Saf 2012; 35 (3)
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Table 1. Search methods, designed according to data source, used
to identify articles in this review

Database  Search method

CINAHL MH “Adverse Drug Event”
Explode: Adverse Effects, Analysis, Economics,

Epidemiology and Evaluation

EMBASE  (‘exp drug treatment failure/” OR ‘exp medication error/’
OR ‘exp therapeutic error/’ OR ‘exp *adverse drug
reaction/’)

AND (‘health economics’/exp)

((drug OR “Drug Therapy”[Mesh])

AND (“Medication Errors”[Mesh] OR “adverse
effects”[Subheading])

AND (“Economics”[Mesh]))

OR

((“medication error” OR “adverse drug event” OR
“drug related morbidity”)

AND (economic OR cost))

MEDLINE

2011, were considered for inclusion. Articles were
included if estimating the direct or indirect costs
of drug-related morbidity based on observational
studies of clinical data from general patient
groups. Clinical outcomes of, for example, adverse
drug events, ADRs and medication errors were
included in drug-related morbidity. The general
patient groups were defined as patients visiting,
being admitted to, treated at or discharged from
healthcare facilities, excluding studies from nurs-
ing homes for elderly patients only, and in spe-
cialized hospitals. Case reports were excluded, as
were studies of drug-related morbidity associated
with a specific patient group (e.g. cardiology or
internal medicine patients), selected treatment or
disease (e.g. selective serotonin reuptake inhibitors
or anxiety disorders), a particular drug-related
illness or symptom (e.g. nausea), potential drug-
related problems, or change in outcome resulting
from an intervention. Commentaries, notes, edi-
torials, letters and short reports were deemed un-
suitable for extracting information on methods
and cost analysis and were excluded. One author
(HG) performed the search and scrutinized iden-
tified titles as well as potentially relevant abstracts
based on the inclusion and exclusion criteria, to
identify eligible articles.

Further potentially relevant publications were
located by manual search of references and lists
of articles citing included papers, and a selection
of reviews addressing the costs of drug-related
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morbidity.l-3-13-201 Citation lists of 22 of the
included studies were retrieved from Webb of
Science (ISI Web of KnowledgeSM/Thomson
Reuters) and, of those not available in Webb of
Science citations, lists of six articles were identi-
fied from Scopus (Elsevier B.V.). Titles, abstracts
and articles published between 1990 and 2011,
and deemed potentially relevant from the ref-
erence or citation list search, were scrutinized as
described previously, using the same inclusion
and exclusion criteria.

2.2 Data Extraction and Analysis

Information from included studies was ex-
tracted using a standardized data collection sheet,
including study design, methods and perspectives
used for cost analyses, sources used for identifying
costs, and how the resulting costs were presented.
Studies including costs to the healthcare setting were
judged to use a provider perspective, while those in-
cluding costs paid by the government, insurance
company, individual patients or sickness funds were
judged to use a payer perspective. Studies were judg-
ed to measure the societal costs if they included
direct and indirect costs to the hospital, to any third-
party payer and to the patient. In the included
studies, costs were divided into direct and indirect
costs. Direct costs were expenditures for prevention,
detection, treatment, rehabilitation, research, train-
ing and investment in medical facilities, while in-
direct costs were the loss of output to the economy
due to illness.?"!

Studies were reviewed according to the meth-
ods used for measuring the cost of drug-related
morbidity. The review was based on items used
for assessing economic evaluation studies, in-
cluding study viewpoint*I (i.e. the perspective of
the cost analysis: provider, payer, other), costing
(i.e. methods used for estimations, and quantities
and prices of resources reported separately;* data
sources used for estimating costs: charges, unit costs,
length of stay [LOS]"), and adjustments for timing
of costs*3! (i.e. the period of cost inclusion, and
possible discounting). The guidelines also contain
items concerning consequences (as opposed to
costs), which were deemed irrelevant for the current
review and were therefore excluded. Studies were

Drug Saf 2012; 35 (3)
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also categorized according to how costs were in-
cluded, i.e. total healthcare costs of patients with
drug-related morbidity, all costs resulting from
drug-related morbidity, the incremental costs of
drug-related morbidity using matched controls,
or the incremental costs of drug-related morbid-
ity using regression analyses.[®]

3. Results

The electronic search identified 9569 unique ar-
ticle titles between January 1990 and November
2011. After application of inclusion and exclusion
criteria, 25 relevant articles were included, together
with four articles identified from the bibliographic
search of citations and references (figure 1). In-
cluded studies are presented in table I1.[1416.22-48]

A total of 9980 hits (equals
9569 unique article titles):
CINAHL: 557 articles
EMBASE: 2761 articles
MEDLINE: 6662 articles

8564 titles excluded based on
title or information about the
type of article (e.g. not peer-
reviewed articles such as

v commentaries, disease- or

‘ 1005 abstracts retrieved | drug-specific)

897 abstracts with no indication
of cost analysis, or not written
in English, were excluded

Y

‘ 108 articles collected |

83 articles excluded based on
inclusion/exclusion criteria

A 4

‘ 25 relevant articles included |

4 articles identified from
citations and references
of included studies:
citations: 4

references: 2

v

29 articles reviewed

Fig. 1. Identification of relevant studies. Inclusion criteria: ob-
servational studies measuring the overall cost of drug-related mor-
bidity, written in English and published between January 1990 and
November 2011; exclusion criteria: case reports, intervention studies
or other observational studies of selected patient groups, therapies,
diseases or drug-related symptoms, or where only potential drug-
related morbidity is studied. Studies published only in brief, as com-
mentaries, notes, editorials, letters or short reports.
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Six studies were judged to measure costs of drug-
related morbidity from a payer perspective, includ-
ing costs paid by the public healthcare sector,3!
patient,?” sickness funds®” or an insurance com-
pany.B3o4041 The remaining 23 studies included
costs from the provider perspective, limiting the
analysis to in-hospital costs from the hospital per-
spective. Thomas et al.B’% also measured costs
resulting after the initial healthcare episode. One
study included indirect costs, ¢.g. lost income and
household production.*® Another study presented
travel costs and costs resulting from the patients’
care episode (i.e. accommodation and food) as in-
direct costs.[?” These were judged to be direct non-
healthcare costs.

Of the 29 included studies, three studiest?!-3%-37]
listed the quantities of resources used and the
applied prices, and three studiesP84%4! reported
the method used for estimating both quantities
and prices.

Of the 29 included articles, one study®®! iden-
tified costs after discharge from the healthcare
setting. This study discounted future costs to
1996 dollars using a real interest rate of 2.75%,
and provided a reference for the rate used.[*® The
remaining 28 studies did not include future costs,
and therefore did no discounting.

4. Discussion and Implications of Findings

Regarding the perspective dimension, a major-
ity of the included studies focused on drug-related
morbidity in patients attending hospital, and mea-
sured the direct costs from a hospital’s perspective.
The review has identified a large variation in
sources (e.g. costs from charges, billed charges or
claims payments, several methods for measuring
unit costs, and length-of-stay-based cost estimates
based on reimbursements or daily hospital costs),
and the type of costs (e.g. total, attributable or
incremental costs), included in studies measuring
the cost of drug-related morbidity. In a majority of
the included studies, costs were measured only
during the initial care episode; therefore, adjust-
ments of future costs were rarely made. Moreover,
the cost analyses of included studies were often
described in brief, thus making it difficult to in-
terpret how the analyses were made.

Drug Saf 2012; 35 (3)
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4.1 Study Viewpoint
4.1.1 Provider Perspective

All included papers measuring costs to the
provider were judged to identify costs from a
hospital perspective, and included only costs that
occurred during the visit or admission to hospi-
tal. If the major costs of drug-related morbidity
occur during hospital episodes, the focus on costs
during hospitalization does not present a pro-
blem. However, previous research has indicated
there are considerable costs outside of the hospi-
tal setting. Thomas et al.’® suggests lost wages
and household production equals 47% of the to-
tal costs, with, for example, an estimated average
of 460 days of lost household production for each
adverse event at §US20 assigned per day. Accord-
ing to an expert panel appraisal by Johnson and
Bootman,['”) of drug-related morbidity in the am-
bulatory setting, the associated direct costs to
American healthcare were $US76.6 billion during
1995, from which drug-related morbidity result-
ing in admission to long-term care facilities rep-
resented the second largest cost component. Also,
a mail-survey conducted by Isacson et al.**] esti-
mated that 10% of all prescription drug users and
6% of the Swedish population experienced side
effects during a 2-week period, compared with the
5% frequency in hospitalized patients suggested in
previous studies.'®!'!] Therefore, focusing on hos-
pitalization costs and including costs to providers
only will underestimate the costs of drug-related
morbidity to society.

4.1.2 Payer Perspective

Six studies were judged to measure costs from the
payer perspective, although it may be argued that
studies using charges (the price claimed by the pro-
vider, from the payer) as a proxy for costs are
measuring costs from a payer perspective rather
than the hospital. Because of differences in the
healthcare systems of each country, the payer varied
between studies. Hence, the differing health-care
systems make it unfeasible to compare the studies.
Also, focusing on a specific payers perspective
does not give the entire cost since, for example,
mixed payer systems are common in health-care.
One example would be the study by Pattanaik
et al.’?? whereby costs during the first 48 hours

© 2012 Adis Data Information BV. All rights reserved.

were not all included in the costs paid by the patients
since the initial 48 hours were partially subsidized by
the hospital.

4.1.3 Alternative Perspectives

The current review identified several studies
estimating costs from the payer perspective, and
mainly published after 2002; therefore, only one
of these studies was identified in the review by
Rodriguez-Monguio et al.l'l However, none of
the included studies measured the societal costs
of drug-related morbidity. Therefore, the costs of
drug-related morbidity resulting in primary care,
indirect costs from lost productivity and out-of-
pocket costs paid by the patients are still to be
measured. Knowledge about the costs to society
is needed for directing financial incentives and
policy decisions in society. Therefore, there is a
need for studies of costs of drug-related morbid-
ity in the general population, including patients
not attending hospital due to the event. Since the
outcome of costs analyses of drug-related mor-
bidity depend not only on the methods, defini-
tions and costing data used, but also on the
healthcare system under study, it is important
that results on costs are reported in sufficient
detail. Providing only a cost per case gives little
information on the actual implications to the
hospital, and even less information on the burden
to society. Therefore, future research measuring
the cost of drug-related morbidity should clearly
state the economic perspective.

4.2 Costing

The cost analyses of identified studies
used data from administrative cost-account-
ing data,[141622262831-354246] it costing
datal36-37:39-41.47481 or reported hospital costs

based on length of stay multiplied by a reference
daily price.[27:29:30.38]

4.2.1 Administrative Cost-Accounting Data on

Charges

Administrative data on charges were the most
common source of costs in the included studies.
As has been established in a previous review,l!
research on costs associated with drug-related
morbidity has so far been based on pragmatism

Drug Saf 2012; 35 (3)
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and easily available data. The main aim of the
included studies was not always to conduct a cost
analysis, but the cost analysis was conducted e.g.
since the data were available.[*3] Administrative
data can be billed charges, e.g. the price for ser-
vices conducted, claim payments that differ de-
pending on insurance company agreements and
the healthcare system under study, and costs esti-
mated from charges using cost-to-charge ratio,
either departmental- or hospital-specific.*” There-
fore, at least in US studies, billed charges would be
the amount of money the hospital demands for its
services, while claims payments are the payments
of the insurance company, and costs should be
an estimate of the actual expenses resulting from
the treatment. However, none of the studies
using costs based on charges, reported how costs
were developed from charges. Moreover, of the
five studies using billed charges as a proxy for
costs, three studiest?®-31:341 described charges
as costs. Of the included studies, only Bates
et al.'" reported both charges and costs, and four
studies!!®23:24431 included the cost-accounting
programme used. Twol*'-33] of the studies using
charges reported more detailed information on the
quantities and prices of resources used, but costs
were otherwise reported as total cost of drug-
related morbidity or an average cost per patient
with drug-related morbidity. With insufficient in-
formation on the administrative system under
study, charges or costs derived from charges are
difficult to interpret or extrapolate to other set-
tings. As was identified by Rodriguez-Monguio
et al.,l!l costs provide a more accurate measure-
ment to the hospital, i.e. the provider, than charg-
es. Also, billed charges are an overestimation
compared with the costs to the payer, while claims
payments can underestimate the costs to the pro-
vider depending on the reimbursement or in-
surance system. Therefore, the perspective of the
cost analysis becomes important when deciding on
the methods for estimating costs.

Nine of the studiest?>-26-28:31-33] ysing admin-
istrative cost data and three studies?’->%3% using
LOS-based estimates included the total cost of
patients suffering from drug-related morbidity.
Since the studies did not specify costs resulting
from drug-related morbidity, the analyses were
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likely to overestimate the average cost per pa-
tient. In ten of the included studies,[?%23-25-32] this
was solved by only including patients hospita-
lized because of drug-related morbidity, and one
studyP? included patients with International
Classification of Diseases (ICD) codes related to
ADRs as the primary or secondary diagnosis.
However, since previous research®!l has sug-
gested there is an underreporting of drug-related
morbidity when only including ICD codes or
voluntary reports, compared with medical record
review, including the resulting costs will under-
estimate the total magnitude of costs resulting
from drug-related morbidity.

4.2.2 Unit Costing Data

Compared with the review by Rodriguez-
Monguio et al.,l'! which identified only one study
using unit costs, according to the studies included
in this review this is now the second most
common method for estimating costs. To include
both quantities and prices of resources used,
studies using unit costs need to report both de-
tailed information on what is included and how
the prices and resource use were measured. In the
included studies using unit costs, only one study!3’]
reported the quantities of resources used, but all
six studies36-37-39-4147] reported how the resource
use was measured. In addition, Ayani et al.l’7] re-
ported the prices of resources used, while five of
the studiest36-37-4041471 reported how and when
prices were set. In the majority of included studies
identifying costs resulting from drug-related mor-
bidity, costs were applied using unit costs for each
service, which is a common method for conducting
a bottom-up cost-of-illness study.[”? However, al-
ternative methods were also used, either multi-
plying the total cost by an imputability score based
on a WHO algorithm for imputability,¥! includ-
ing all patients with drug-related morbidity but
only charges of patients where the visit or ad-
mission was caused mainly by the drug-related
morbidity,?* or identifying charges of services
used for treating drug-related morbidity were
possible to transform to costs using service-specific
cost-to-charge ratios.?”

Micro-costing is a detailed analysis of changes
in resource use due to a particular interven-
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tion.[’?] Estimating costs based on the collection
of patient-specific cost data (time and motion
studies, e.g. how much time does this patient re-
quire, and what laboratory tests are done), using
applicable unit costs, can be argued to be the
most valid approach to cost analysis.’! If col-
lecting cost-accounting data at a high level of
detail, the information available will be similar
to the results of time and motion studies, and
therefore equally valid. One example is the study
by Pinilla et al.,*’! where costs are estimated by
multiplying the resource consumption from the
cost-accounting system by its unit cost. Collec-
tion of detailed resource consumption from, for
example, medical record review, is costly but
gives informative cost data.

In this review, studies were interpreted as using
unit costs if costs were not based on charges or
costs estimated from charges, and were measured
ata more detailed level than the average daily cost.
However, the terminology is open for discussion.
Charges may be based on unit costs depending on
the accounting system used, and unit costs may
entail only using an average cost per diem multi-
plied by LOS.I®I Studies may also use a combina-
tion of methods, e.g. applying unit costs to services
used while LOS is used for days in hospital.[40-41]
Pattanaik et al.[3?l used charges for hospitalization
costs, while non-healthcare costs were estimated
using unit costs for each service used. Studies re-
porting quantities of resources from clinical data
should make extrapolations to other settings re-
latively easy since prices are exchangeable, but
data collection will be costly compared with stud-
ies using LOS-based measures or administrative
data on costs.

4.2.3 Length of Stay

When using LOS-based measures, the quan-
tity will be the days spent in hospital, while the
price is the cost per diem. LOS-based estimates of
costs give useful information on how much time
is spent in hospital because of drug-related mor-
bidity, and it is possible to model the costs within
another setting with similar patients’ character-
istics (e.g. the analysis by Goettler et al.l?%). Of
the four studies using LOS for measuring the cost
of drug-related morbidity, three?”->3%1 report
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the cost applied to each day, but only one study
gave information of how and when the daily cost
was estimated.?8! However, estimates based on
LOS also have the disadvantage of using an
average cost per day, assuming that there are no
variations in costs during a hospital admission.
Evidence suggests the incremental costs decline
during the hospitalization, which causes the LOS
method to overestimate the cost of longer hospi-
tal admissions,>* and the costs of short hospital
admissions could be underestimated due to
comparably high treatment intensity during the
brief stay. The possibility of measuring increased
LOS has also been questioned. In one study of
internal medicine admissions the researchers
chose to measure the cost of drug-related hospi-
talizations only, since it was judged too difficult
to discriminate prolongation of stay or proce-
dures related to drug-related morbidity.’* None
of the studies measuring costs resulting from
drug-related morbidity used LOS-based mea-
sures, which would require a decision to be made
on the actual increased LOS that was due to drug-
related morbidity. However, studies using unit
costs will suffer the same disadvantage in terms
of putting a unit cost on the increased LOS. A
solution has been suggested, i.e. conducting a
sensitivity analysis using several methods for
measuring the increased LOS,% but this was not
done in the included studies. Both matched con-
trols and regression analyses may solve the issues
with measuring increased LOS; however, using
LOS-based measures for estimating costs as-
sumes costs are evenly distributed between days
in hospital. As with all studies using matched
controls, bias will be introduced if cases and con-
trols are not well matched. Cost-estimates based on
LOS may add useful knowledge about the cost of
drug-related morbidity if they include clear in-
formation on patient’s characteristics or if they use
regression analyses for estimating the cost increase.

4.2.4 Methods and Sources for Costing

Irrespective of the methods used for cost anal-
ysis, the sources used and costs included should
mirror the resource consumption resulting from
the illness under study, e.g. drug-related mor-
bidity. Including the total cost of all patients where
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the main diagnosis was drug-related excludes the
costs resulting from drug-related morbidity if there
is another main diagnosis. If also including drug-
related morbidity as a secondary or third diag-
nosis, the total cost will be an overestimate since
the costs resulting from the main diagnosis are
included. Using unit costs can result in double-
counting of costs, but is still the most valid ap-
proach to cost analyses. The quality of results in
studies estimating incremental costs of drug-
related morbidity, using either matched controls or
regression analyses, also depends on how costs are
included since the analysis will not give better re-
sults than the initial data collection allows.

According to Chevat et al.l*® costs are coun-
try-specific, and the main difference is generally
the cost applied to each healthcare intervention
(e.g. cost per day in hospital or specific labora-
tory tests). Therefore, presentation of both quan-
tities and prices are essential for comparison of
results between studies and countries, together
with information on the method used for esti-
mating both costs and quantities.

4.3 Adjustments for Timing of Costs

All the included studies identify drug-related
morbidity in patients admitted or visiting hospi-
tals, and costs were only included during the care
episode in all but one study.l*®) None of studies
report the date of costs in greater detail than
when the study was conducted, or gave conclu-
sive information on how costs were included at
the start or end of the study period. If studies are
incidence-based, all present and future costs
should be collected or calculated based on pre-
vious research.l7 Since there are ADRSs resulting
in repeat admissions, 8] costs to the hospital need
to also include costs resulting from readmissions,
which may need to be discounted. Failing to
include readmissions in incidence-based hospita-
lization costs will result in underestimation. Pre-
valence-based studies should identify all costs
during the study period, exclude all future direct
costs, but include future indirect costs resulting
from permanent disability or death.57I Therefore,
drug-related morbidity initiated before the study
period, but still resulting in costs, needs to be
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identified. Also, there should be a cut-off at the
end of the study period. Not doing this is likely to
result in a disproportion between included cases
and estimated costs, and an underestimation of
both the prevalence measure and the average cost
of drug-related morbidity.

Only the study by Thomas et al.l*] reported
any discounting, but since other studies only in-
clude costs during the care episode this should
not be a problem. However, with those studies
continuing over several years, it is unclear if costs
should be discounted, depending on the max-
imum length of the included care episodes.

4.4 Implications for Future Research

According to the results of our review, the
perspectives of costs analyses in the included
studies are often limited to estimating costs to the
hospital. Compared with a review conducted in
2003, there is however a trend towards cost
analyses using unit costs and estimating costs
from the payers perspective. Still, there is a gap in
the knowledge regarding the costs of drug-related
morbidity to providers other than hospitals, costs
occurring outside of hospitals and costs after the
initial care episode. Because of the identified
variation in methods and sources used for cost
analysis, and few studies reporting both quan-
tities and prices, there is a need to further elabo-
rate the methods sections regarding cost analyses.
Also, often the terminology used to describe the
cost analyses deviates from what is usually re-
commended in economic evaluation studies. To
avoid underestimating the economic impact of
drug-related morbidity in society, future studies
are needed to estimate the costs occurring outside
of the hospital setting, during readmission, and
using unit costs and detailed resource consump-
tion identified from medical record review.

Previous reviews!'">2%-1 have suggested there
has been large methodological heterogeneity be-
tween studies measuring costs of drug-related
morbidity, e.g. methods for detection of cases of
drug-related morbidity, assessment of causal re-
lationship between drug and the resulting mor-
bidity, and how to define drug-related morbidity.
According to the results of this review, there is also

Drug Saf 2012; 35 (3)



Measuring the Costs of Drug-Related Morbidity

217

a large heterogeneity between the methods and
cost sources used for cost analysis within these
studies. Methods for estimating costs should be
viewed as an equally important part of the meth-
ods section. It has been argued that there is a need
for closer relationships between researchers and
research within the fields of pharmacoeconomics
and pharmacoepidemiology.l A start would be
to develop an evaluation tool based on published
checklists aimed at measuring the quality or guid-
ing research within the field of observational de-
scriptive studies, '3 and economic evaluation,*>!
respectively. Depending on the research question,
adapting to international guidelines and termi-
nology within economic cost analyses is recom-
mended.[°*%] The recently published guidelines
for critical evaluation of cost-of-illness studies®!
should add valuable items regarding the use of
top-down/bottom-up methods, and of incidence/
prevalence measures. Also, the term ‘indirect costs’
should be used primarily for reporting productivity
loss due to illness, rather than hospital overhead
costs, in accordance with the terminology sug-
gested by Rice.”' Such a tool can be adjusted to
fit the needs of researchers measuring the costs of
drug-related morbidity.

4.5 Limitations

The search was developed based on keywords
and phrases identified from screening previous
reviews and were designed to identify a wide
range of articles, since the differences in termi-
nology made it difficult to identify adequate
keywords. To minimize the number of studies
missed, the search of relevant articles was con-
ducted in three databases. To verify that no arti-
cles had been missed, an initial search was also
performed in the Cochrane Database for Sys-
tematic Reviews and the International Pharma-
ceutical Abstracts database, but without identifying
any unique hits. Moreover, citation lists and re-
ference lists of included articles as well as previous
reviews were scrutinized to identify eligible articles.

More than 99% of articles found in the initial
database search were excluded in the review
process. The main reasons for exclusion were
studies of a specific treatment or disease, articles
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not written in English or the text not presenting a
peer-reviewed original study article. Also, articles
excluded during the full-text analysis were mainly
studies of costs within a specific setting (i.e.
internal medicine, or only cardiology or oncology
patients) or using a proxy measurement for iden-
tifying drug-related morbidity (e.g. prescription
errors identified within the pharmacy or poten-
tially inappropriate medicines use). The exclusion
of studies estimating costs in specific settings or
diseases does result in the review giving only
partial knowledge of how costs of drug-related
morbidity are measured, but was made to sim-
plify comparisons between included studies.
Since the aim was to study methods used rather
than costs, excluding studies in specific settings or
patient groups and eligible articles not identified
through the search (as long as articles were left
out randomly), should not affect the conclusions
much. However, exclusion of non-English arti-
cles could result in a lack of knowledge regarding
methods used in countries less likely to publish
reports in English.

This review used selected items for assessing
economic evaluation studies.[*’1 Development of
a common standard for cost analysis in studies
measuring the overall costs of drug-related mor-
bidity may include using other categorizations
and may find additional issues for discussion.

5. Conclusions

The data sources and costs measured in the in-
cluded studies varied considerably in terms of
perspectives and use of data sources. Even though
there is a trend towards more studies estimating
costs from the payer perspective, the identified
studies still focused on costs resulting from patients
attending hospital, therefore underestimating the
cost of drug-related morbidity. There is thus a need
for more research on the costs of drug-related
morbidity to providers other than hospitals, costs
occurring outside of hospitals and after the initial
care episode. Such studies require clear descrip-
tions of how the costs of drug-related morbidity
are measured, and should adhere to published
guidelines for observational studies and economic
evaluation studies.

Drug Saf 2012; 35 (3)



218 Gyllensten et al.
Acknowledgemenis 15. Bond CA, Raehl CL, Franke T. Medication errors in
United States hospitals. Pharmacotherapy 2001 Sep; 21 (9):
This research is part of the DRUMS (Drug-related mor- 1023-36
bidity in Sweden: prevalence, preventability and costs) pro- 16. Classen DC, Pestotnik SL, Evans RS, et al. Adverse drug
ject, and is funded by an unrestricted grant from The National events in hospitalized patients: excess length of stay, extra
Corporation of Swedish Pharmacies (Apoteket AB). The costs, and attributable mortality. JAMA 1997 Jan 22-29;
sponsor had no role in the study design; in the collection, 277 (4): 301-6
analysis, and interpretation of data; in the writing of the manu- 17. Ernst FR, Grizzle AJ. Drug-related morbidity and mor-
script; and in the decision to submit the manuscript for publica- tality: updating the cost-of-illness model. J Am Pharm
tion. The authors’ work was independent from the sponsor. Assoc (Wash) 2001 Mar-Apr; 41 (2): 192-9
The authors have no conflicts of interest to declare. The 18. Field TS, Gilman BH, Subramanian S, et al. The costs
opinions or assertions contained herein are the private views associated with adverse drug events among older adults in
of the authors and are not to be construed as official or as the ambulatory setting. Med Care 2005 12; 43 (12): 1171-6
reflecting the views of the Medical Products Agency. 19. Johnson JA, Bootman JL. Drug-related morbidity and
mortality: a cost-of-illness model. Arch Intern Med 1995
Oct 9; 155 (18): 1949-56
References 20. Goettler M, Schneeweiss S, Hasford J. Adverse drug reac-
1. Rodriguez-Monguio R, Otero MJ, Rovira J. Assessing the tion monitoring: cost and benefit considerations. Part II:
economic impact of adverse drug effects. Pharmacoeco- cost and preventability of adverse drug reactions leading to
nomics 2003; 21 (9): 623-50 hospital admission. Pharmacoepidemiol Drug Saf 1997
2. Lundkvist J, Jonsson B. Pharmacoeconomics of adverse drug Oct; 6 Suppl. 3: §79-90
reactions. Fundam Clin Pharmacol 2004 Jun; 18 (3): 275-80 21. Rice DP. Estimating the cost of illness. Am J Public Health
3. Gautier S, Bachelet H, Bordet R, et al. The cost of adverse Nations Health 1967 Mar; 57 (3): 424-40
drug reactions. Expert Opin Pharmacother 2003 Mar; 4 (3): 22. Prince BS, Goetz CM, Rihn TL, et al. Drug-related emer-
319-26 gency department visits and hospital admissions. Am J
4. Drummond MF, Jefferson TO. Guidelines for authors and Hosp Pharm 1992; 49 (7): 1696-700
peer reviewers of economic submissions to the BMJ. The 23. Dartnell JG, Anderson RP, Chohan V, et al. Hospitalisation for
BMJ Economic Evaluation Working Party. BMJ 1996 Aug adverse events related to drug therapy: incidence, avoidability
3; 313 (7052): 275-83 and costs. Med J Aust 1996 Jun 3; 164 (11): 659-62
5. Critical assessment of economic evaluation. In: Drummond MF, 24. Dennehy CE, Kishi DT, Louie C. Drug-related illness in
O’Brien B, Stoddart GL, et al., editors. Methods for the emergency department patients. Am J Health Syst Pharm
economic evaluation qf h@alth care programmes. 2nd ed. 1996 Jun 15; 53 (12): 1422-6
New York: Oxford University Press Inc., 1997: 27-51 25. Tafreshi MJ, Melby MJ, Kaback KR, et al. Medication-
6. Akobundu E, Ju J, Blatt L, et al. Cost-of-illness studies: a related visits to the emergency department: a prospective
review of current methods. Pharmacoeconomics 2006; 24 study. Ann Pharmacother 1999; 33 (12): 1252-7
(9): 86990 26. Jha AK, Kuperman GJ, Rittenberg E, et al. Identifying
7. Segel JE. Cost-of-illness §tudies: a primer. RTI Interna- hospital admissions due to adverse drug events using a
tional, 2006 Jan: 1-39 [online]. Available from URL: http:// computer-based monitor. Pharmacoepidemiol Drug Saf
www.rti.org/pubs/coi_primer.pdf [Accessed 2011 Dec 30] 2001; 10 (2): 113-9
8. Jackson T. Cost estimates for hospital inpatient care in 27. Schneeweiss S, Hasford J, Gottler M, et al. Admissions
Australia: evaluation of alternative sources. Aust N Z J caused by adverse drug events to internal medicine and
Public Health 2000 Jun; 24 (3): 234-41 emergency departments in hospitals: a longitudinal pop-
9. Thomsen LA, Winterstein AG, Sondergaard B, et al. ulation-based study. Eur J Clin Pharmacol 2002; 58 (4):
Systematic review of the incidence and characteristics of 285-91
preventable adverse drug events in ambulatory care. Ann 28. Wu WK, Pantaleo N. Evaluation of outpatient adverse drug
Pharmacother 2007 Sep; 41 (9): 1411-26 reactions leading to hospitalization. Am J Health Syst
10. Einarson TR. Drug-related hospital admissions. Ann Pharm 2003 Feb 1; 60 (3): 253-9
Pharmacother 1993 Jul-Aug; 27 (7-8): 832-40 29. Pirmohamed M, James S, Meakin S, et al. Adverse drug
11. Krahenbuhl-Melcher A, Schlienger R, Lampert M, et al. reactions as cause of admission to hospital: prospective
Drug-related problems in hospitals: a review of the recent analysis of 18,820 patients. BMJ 2004 Jul 3; 329 (7456):
literature. Drug Saf 2007; 30 (5): 379-407 15-9
12. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse 30. Patel KJ, Kedia MS, Bajpai D, et al. Evaluation of the pre-
drug reactions in hospitalized patients: a meta-analysis of valence and economic burden of adverse drug reactions
prospective studies. JAMA 1998 Apr 15; 279 (15): 1200-5 presenting to the medical emergency department of a ter-
13. White TJ, Arakelian A, Rho JP. Counting the costs of drug- tiary referral centre: a prospective study. BMC Clin Phar-
related adverse events. Pharmacoeconomics 1999 May:; 15 macol 2007 Jul 28; 7: 8
(5): 445-58 31. Chan ALF, Lee HY, Ho C, et al. Cost evaluation of adverse

. Bates DW, Spell N, Cullen DJ, et al. The costs of adverse drug

events in hospitalized patients. Adverse Drug Events Pre-
vention Study Group. JAMA 1997 Jan 22-29; 277 (4): 307-11

© 2012 Adis Data Information BV. All rights reserved.

drug reactions in hospitalized patients in Taiwan: a pro-
spective, descriptive, observational study. Curr Ther Res
Clin Exp 2008; 69 (2): 118-29

Drug Saf 2012; 35 (3)


http://www.rti.org/pubs/coi_primer.pdf
http://www.rti.org/pubs/coi_primer.pdf

Measuring the Costs of Drug-Related Morbidity

219

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Pattanaik S, Dhamija P, Malhotra S, et al. Evaluation of
cost of treatment of drug-related events in a tertiary care
public sector hospital in Northern India: a prospective
study. Br J Clin Pharmacol 2009; 67 (3): 363-9

Carrasco-Garrido P, de Andres LA, Barrera VH, et al.
Trends of adverse drug reactions related-hospitalizations
in Spain (2001-2006). BMC Health Serv Res 2010 Oct 13;
10: 287

Clyne KE, German MR. Adverse drug reaction reporting:
focus on cost and prevention. P T 1992; 17 (7): 1145-9, 1153

Schneider PJ, Gift MG, Lee YP, et al. Cost of medication-
related problems at a university hospital. Am J Health Syst
Pharm 1995 Nov 1; 52 (21): 2415-8

Thomas EJ, Studdert DM, Newhouse JP, et al. Costs of
medical injuries in Utah and Colorado. Inquiry 1999; 36
(3): 255-64

Ayani I, Aguirre C, Gutierrez G, et al. A cost-analysis of
suspected adverse drug reactions in a hospital emergency
ward. Pharmacoepidemiol Drug Saf 1999; 8 (7): 529-34

Wasserfallen J, Livio F, Buclin T, et al. Rate, type, and cost
of adverse drug reactions in emergency department ad-
missions. Eur J Intern Med 2001 Sep; 12 (5): 442-7

Ramesh M, Pandit J, Parthasarathi G. Adverse drug reactions
in a south Indian hospital: their severity and cost involved.
Pharmacoepidemiol Drug Saf 2003 Dec; 12 (8): 687-92

Hoonhout LH, de Bruijne MC, Wagner C, et al. Direct
medical costs of adverse events in Dutch hospitals. BMC
Health Serv Res 2009 Feb 9; 9: 27

Hoonhout LH, de Bruijne MC, Wagner C, et al. Nature, oc-
currence and consequences of medication-related adverse
events during hospitalization: a retrospective chart review in
the Netherlands. Drug Saf 2010 Oct 1; 33 (10): 853-64

Palanisamy S, Kumaran KSA, Rajasekaran A. A study on
assessment, monitoring and reporting of adverse drug re-
actions in Indian hospital. Asian J Pharm Clin Res 2011;
4 (3): 112-6

Evans RS, Classen DC, Stevens LE, et al. Using a hospital
information system to assess the effects of adverse drug eve-
nts. Proc Annu Symp Comput Appl Med Care 1993; 161-5

Suh DC, Woodall BS, Shin SK, et al. Clinical and economic
impact of adverse drug reactions in hospitalized patients.
Ann Pharmacother 2000 Dec; 34 (12): 1373-9

Senst BL, Achusim LE, Genest RP, et al. Practical approach
to determining costs and frequency of adverse drug events
in a health care network. Am J Health Syst Pharm 2001; 58
(12): 1126-32

Hafner Jr JW, Belknap SM, Squillante MD, et al. Adverse
drug events in emergency department patients. Ann Emerg
Med 2002 Mar; 39 (3): 258-67

Pinilla J, Murillo C, Carrasco G, et al. Case-control analysis
of the financial cost of medication errors in hospitalized
patients. Eur J Health Econ 2006 Mar; 7 (1): 66-71

Hohl CM, Nosyk B, Kuramoto L, et al. Outcomes of
emergency department patients presenting with adverse
drug events. Ann Emerg Med 2011 Sep; 58 (3): 270-9

Isacson D, Johansson L, Bingefors K. Nationwide survey of

subjectively reported adverse drug reactions in Sweden.
Ann Pharmacother 2008 03; 42 (3): 347-53

© 2012 Adis Data Information BV. All rights reserved.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Riley GF. Administrative and claims records as sources of
health care cost data. Med Care 2009 Jul; 47 (7 Suppl. 1): S51-5

Tam KW, Kwok KH, Fan YM, et al. Detection and pre-
vention of medication misadventures in general practice.
Int J Qual Health Care 2008 Jun; 20 (3): 192-9

Raftery J. Costing in economic evaluation. BMJ 2000 Jun
10; 320 (7249): 1597

Carter GM, Melnick GA. How services and costs vary by
day of stay for Medicare hospital stays. Santa Monica
(CA): Rand Corporation, 1990 Mar: 1-122

Lagnaoui R, Moore N, Fach J, et al. Adverse drug reactions
in a department of systemic diseases-oriented internal
medicine: prevalence, incidence, direct costs and avoid-
ability. Eur J Clin Pharmacol 2000 May; 56 (2): 181-6

Moore N, Lecointre D, Noblet C, et al. Frequency and cost
of serious adverse drug reactions in a department of general
medicine. Br J Clin Pharmacol 1998; 45 (3): 301-8

Chevat C, Pena BM, Al MJ, et al. Healthcare resource uti-
lisation and costs of treating NSAID-associated gastro-
intestinal toxicity: a multinational perspective. Pharmaco-
economics 2001; 19 Suppl. 1: 17-32

Lindgren B. Costs of illness in Sweden 1964-1975 [disserta-
tion]. Lund: Infotryck ab, 1981

Davies EC, Green CF, Mottram DR, et al. Emergency re-
admissions to hospital due to adverse drug reactions within
1 year of the index admission. Br J Clin Pharmacol 2010
Nov; 70 (5): 749-55

Cano FG, Rozenfeld S. Adverse drug events in hospitals: a
systematic review. Cad Saude Publica 2009; 25 Suppl. 3: S360-72

Briggs AH, Levy AR. Pharmacoeconomics and pharmaco-
epidemiology: curious bedfellows or a match made in
heaven? Pharmacoeconomics 2006; 24 (11): 1079-86

Boyle MH. Guidelines for evaluating prevalence studies.
Evid Based Ment Health 1998 May 01; 1 (2): 37-9

von Elm E, Altman DG, Egger M, et al. The Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) statement: guidelines for reporting
observational studies. Epidemiology 2007 Nov; 18 (6):
800-4

Sanderson S, Tatt ID, Higgins JP. Tools for assessing qual-
ity and susceptibility to bias in observational studies in
epidemiology: a systematic review and annotated biblio-
graphy. Int J Epidemiol 2007 Jun; 36 (3): 666-76

World Health Organization, Department of Health Systems
Financing. WHO guide to identifying the economic con-
sequences of disease and injury. Geneva: World Health
Organization, 2009: 1-132

Single E, Collins D, Easton B, et al. International guidelines
for estimating the costs of substance abuse. 2nd ed. Geneva:
World Health Organization, 2003

. Larg A, Moss JR. Cost-of-illness studies: a guide to critical

evaluation. Pharmacoeconomics 2011 Aug; 29 (8): 653-71

Correspondence: Hanna Gyllensten, MScPharm, Nordic
School of Public Health NHV, Box 12133, S-402 42 Gothenburg,
Sweden.

E-mail: hanna.gyllensten@nhv.se

Drug Saf 2012; 35 (3)



	How are the Costs of Drug-Related Morbidity Measured?
	Abstract
	1. Background
	2. Methods
	2.1 Identification of Studies on the Cost of Drug-Related Morbidity
	2.2 Data Extraction and Analysis

	3. Results
	4. Discussion and Implications of Findings
	4.1 Study Viewpoint
	4.1.1 Provider Perspective
	4.1.2 Payer Perspective
	4.1.3 Alternative Perspectives

	4.2 Costing
	4.2.1 Administrative Cost-Accounting Data on Charges
	4.2.2 Unit Costing Data
	4.2.3 Length of Stay
	4.2.4 Methods and Sources for Costing

	4.3 Adjustments for Timing of Costs
	4.4 Implications for Future Research
	4.5 Limitations

	5. Conclusions
	Acknowledgements
	References


