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Background: The aim of the present study was to de-
velop and validate a method of identifying elderly pa-
tients who are at increased risk for an adverse drug
reaction (ADR).

Methods: Data from the Gruppo Italiano di Farmacoepi-
demiologia nell’Anziano (Italian Group of Pharmacoepi-
demiology in the Elderly) were used to develop an ADR
risk score. Variables associated with ADRs were identified
by a stepwise logistic regression analysis and used to com-
pute the ADR risk score. The ADR risk score was then vali-
dated in a sample of older adults who were admitted to 4
university hospitals in Europe (validation study).

Results: Of 5936 patients (mean [SD] age, 78.0 [7.2]
years) in the Gruppo Italiano di Farmacoepidemiologia
nell’Anziano sample, 383 (6.5%) experienced an ADR.
The number of drugs and a history of an ADR were the
strongest predictors of ADRs, followed by heart failure,

liver disease, presence of 4 or more conditions, and re-
nal failure. These variables were used to compute the ADR
risk score. The area under the receiver operator charac-
teristic curve, which assesses the ability of the risk score
to predict ADRs, was 0.71 (95% confidence interval, 0.68-
0.73). Overall, 483 patients entered the validation study
(mean [SD] age, 80.3 [7.6] years), and 56 (11.6%) ex-
perienced an ADR. The area under the receiver operator
characteristic curve in this sample was 0.70 (95% con-
fidence interval, 0.63-0.78).

Conclusions: This study proposes a practical and simple
method of identifying patients who are at an increased
risk of an ADR. This approach may be useful in clinical
practice as a tool to identify patients at risk and in re-
search to target a population that can benefit from in-
terventions aimed to reduce drug-related illness.
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I N WESTERN COUNTRIES, DRUG-
related illnesses are an important
medical problem, resulting in 3%
to 5% of all hospital admissions,
accounting for 5% to 10% of in-

hospital costs, and being associated with a
substantial increase in morbidity and mor-

tality.1-8 Older patients are particularly vul-
nerable to drug-related illnesses because
they are usually on multiple drug regi-
mens, which expose them to the risk of drug
interactions,9 and because age is associ-
ated with changes in pharmacokinetics and
pharmacodynamics.10

One potential strategy for preventing
adverse drug reactions (ADRs) is to iden-
tify those patients who are at risk of an
ADR and to target additional resources to-
ward this group. An example of this ap-
proach might be that when a patient is
identified as being at risk, the physician
and the pharmacist could pay extra atten-
tion to all the medications that he or she
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Editor’s Note: Onder and colleagues contribute to the literature on the
prediction of adverse drug reactions (ADRs) with the development and
validation of an ADR risk score in patients older than 65 years. We in-
cluded this article under the “Less is More” designation because the most
powerful predictor of an ADR is the use of 8 or more drugs (odds ratio,
4.07). This group could pretty much be counted on (87.5%) to have an
ADR. The use of 5 or more drugs approximately doubled the risk of an
ADR. Therefore, a reasonable conclusion would be to use caution when
prescribing multiple drugs to older persons; reductions in the number of
drugs can often be accomplished by assessing whether the benefits of each
medication outweigh the risks for the older person—and, as this study
shows, the risks grow with the length of the medication list.
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receives. Several patient characteristics that may make
an ADR more likely, including age, number of drugs that
the patient is receiving, alcohol use, comorbidity, and fac-
tors that alter drug distribution or metabolism, such as
renal or hepatic insufficiency, heart failure, and anemia,
have been suggested in various studies.1,11-15 Although
identification and quantification of risk factors for iat-
rogenic illness are judged to be a public health prior-
ity,16 to our knowledge there are no empirical data that
allow stratification of patients according to likelihood of
an ADR. Indeed, in the care of older patients, numerous
scales are used to identify risks (eg, cardiovascular), dis-
orders (eg, depression), and dysfunctions (eg, cognitive
problems and disability in activities of daily living or in-
strumental activities of daily living), but a scale to de-
tect those patients who are at risk for an ADR is not yet
available.

Hospitalized older adults are usually “frail” and pre-
sent with acute diseases, which may increase their suscep-
tibility to ADRs and intensify the severity of drug-related
illnesses.1 Moreover, in-hospital patients, who often have
a genuine need for many drugs, are usually the victims of
a “prescribing cascade” that leads to an increased likeli-
hood of ADRs.17 Also, because of these complexities in pre-
scribing, older adults often receive inappropriate drugs
whose risks outweigh the benefits.18

The hospital is an ideal setting to study ADRs be-
cause the pharmacological noncompliance is reduced and
the daily evaluation of patients, as well as the constant
review of charts and medical records, provides an op-
portunity for careful reporting of all suspected ADRs. This
opportunity makes the in-hospital population a perfect
group to study ADRs and to develop a score to assess the
risk of drug-related illness.

Therefore, based on these considerations, the objec-
tive of the present study was to develop and validate a
practical, efficient, and simple method of identifying pa-
tients who are at increased risk of an ADR in a popula-
tion of in-hospital older adults. To address this issue, a
score was developed based on data from the medical lit-
erature and on secondary analysis of the database of the
Gruppo Italiano di Farmacoepidemiologia nell’Anziano
(GIFA) (Italian Group of Pharmacoepidemiology in the
Elderly), a study that was specifically designed to col-
lect data about ADRs among in-hospital patients in Italy.
Then, this score was validated in a population of older
adults consecutively admitted to 4 university hospitals
in Europe by geriatricians who are members of the Geron-
toNet group, a network of academic departments of geri-
atric medicine in the European Union.19

METHODS

DEVELOPMENT OF A SCORE TO IDENTIFY
PATIENTS WHO ARE AT RISK FOR AN ADR

GIFA Database

The GIFA comprises a group of investigators who operate in
community and university-based hospitals throughout Italy.
As already described in detail elsewhere,1,20 after obtaining
written informed consent, a study physician with specific

training completed a questionnaire for each patient on admis-
sion to the hospital and updated it daily. The study periods
were May 1 to June 30, 1988, and September 1 to December
31, 1988; May 15 to June 15, 1991; and May 1 to June 30 and
September 1 to October 31 in 1993, 1995, 1997, and 1998.
Data recorded included sociodemographic characteristics,
indicators of physical function and cognitive status, clinical
diagnoses at admission and at discharge, medications taken
before admission and during hospital stay, and medications
prescribed at discharge.

Adverse Drug Reactions

An ADR was defined as any noxious, unintended, and undes-
ired effect of a drug, excluding therapeutic failures, inten-
tional and accidental poisoning, and drug abuse.21 Each ward
participating in the study was visited daily by a study physi-
cian who personally asked the nurses and the attending phy-
sicians about any possible ADR that had occurred in the pre-
ceding 24 hours. The medical and nursing records were also
carefully examined daily. Study physicians were instructed to
consider any new clinical event as a potential ADR. For each
suspected ADR, the study physician coded clinical descrip-
tion, severity, and eventual outcome. Also, he or she collected
detailed information about the drug(s) identified as the poten-
tial culprit. The causality of the relationship between drug use
and ADR was assessed based on the scores of the Naranjo al-
gorithm.22 The ADRs were classified as definite (score, 9-12
points), probable (score, 5-8 points), possible (score, 1-4 points),
or doubtful (score, 0 point). Only definite and probable ADRs
occurring during hospital stay were considered for this study.
The ADRs that were observed at hospital admission or that
caused hospital admission were excluded. The ADR was rated
as severe if it caused discontinuation of treatment with the sus-
pected drug, led to the administration of an antidote medica-
tion, or caused the death of the patient.

Predicting Variables

Drugs were coded according to the Anatomical Therapeutic and
Chemical codes.23 Only drugs used during hospital stay were
considered for the present study. Clinical diagnoses were re-
corded by the study physicians, who gathered information from
the patients and the attending physicians and carefully re-
viewed charts, x-ray films, laboratory parameters, medical his-
tories, and clinical documentation. Diagnoses were coded ac-
cording to the International Classification of Diseases, Ninth
Revision, Clinical Modification, codes.24 Anemia was defined by
the World Health Organization criteria as follows: hemoglo-
bin concentration below 12.0 g/dL (to convert to grams per li-
ter, multiply by 10.0) in women and below 13.0 g/dL in men.25

The glomerular filtration rate was computed using the Modi-
fication of Diet and Renal Disease Study formula26:

170 � (Serum Creatinine)–0.999� (Age)–0.176� (Serum Urea
Nitrogen)–0.170�(Serum Albumin)0.318

For women, the result was multiplied by 0.762. A glomerular
filtration rate of less than 60 mL/min was used to define renal
failure. Nutritional status was assessed by measuring body mass
index and serum albumin levels. Activity of daily living dis-
ability was defined as a need for assistance to perform more
than 1 of the following tasks: eating, dressing, bathing, trans-
ferring, and toileting. Falls were defined as an unintentional
change in position from a lying, sitting, or standing position,
resulting in the patient coming to rest on the ground or other
lower level. A history of ADRs was defined as any ADR that
occurred in the past.
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Data Analysis

For the present analysis, we considered only patients 65 years
or older who received at least 1 medication during hospital stay;
who had been admitted during the 1993, 1995, and 1997 sur-
vey periods; and for whom complete data on predicting vari-
ables were available (n=5997). In the 1988, 1991, and 1998
surveys, data on 1 or more variables were not collected, and
for this reason, patients enrolled in these periods were not in-
cluded in the present analysis. From this population, we ex-
cluded 61 participants who were receiving anticancer medica-
tions, resulting in a final sample of 5936 participants.

The baseline characteristics of the study participants, accord-
ing to presence of ADRs, were compared using a �2 test. Vari-
ables associated with an ADR at P� .10 in the univariate analy-
ses were entered into a stepwise logistic regression model. The
stepwise procedure added and retained independent variables to
the model if they were significant at P� .10. Variables retained
in the final model were used to compute the ADR risk score. A
score of 1 was assigned to variables associated with an ADR with
an odds ratio (OR) between 1.00 and 1.99; a score of 2, to those
with an OR between 2.00 and 2.99; a score of 3, to those with an
OR between 3.00 and 3.99; and a score of 4, to those with an OR
of 4.00 or more. The ADR risk score was computed based on the
sum of scores of individual variables. To evaluate the predictive
ability of the ADR risk score, receiver operator characteristic (ROC)
curves were constructed, and areas under the curve (AUC) were
calculated. Analyses were performed with SPSS version 16.0 (SPSS
Inc, Chicago, Illinois).

VALIDATION STUDY

The score developed in the GIFA sample was applied for vali-
dation among 483 in-hospital older adults who were admitted
to 4 geriatric and internal medicine wards participating in the
study (Catholic University of the Sacred Heart, Rome, Italy;
Ghent University Hospital, Ghent, Belgium; Brighton and Sus-
sex Hospitals Trust, Brighton, England; and Erasmus Univer-
sity Medical Center, Rotterdam, the Netherlands).

Patients who were admitted to participating wards between
September 2008 and December 2008 were enrolled and fol-
lowed up until discharge. Exclusion criteria were age younger than
65 years and an unwillingness to participate in the study. For each
participant, a questionnaire was completed at admission and up-
dated daily by a study physician who received specific training.
Data recorded included sociodemographic characteristics, indi-
cators of physical function and cognitive status, clinical diag-
noses at admission and at discharge, medications taken before ad-
mission and during hospital stay, medications prescribed at
discharge, and biochemical and blood parameters. Data on ADRs
were collected using the methods already described for the GIFA
study (see above). Only definite and probable ADRs that oc-
curred during hospital stay were considered for this study. Any
ADRs that were observed at hospital admission or that caused hos-
pital admission were excluded from the study. Study physicians
who were responsible for collecting data were not informed re-
garding variables that were entered into the ADR risk score. In
this sample, ROC analysis was performed to assess the ability of
the risk score to predict ADRs.

RESULTS

DEVELOPMENT OF A SCORE TO IDENTIFY
PATIENTS AT RISK FOR ADRs

The mean (SD) age of 5936 patients who participated in
the GIFA study was 78.0 (7.2) years, and the mean
(SD) number of drugs that were used during the
patients’ hospital stay was 6.3 (3.6). Overall, 383
patients (6.5%) experienced an ADR defined as prob-
able or definite based on the Naranjo algorithm during
hospital stay; 345 participants experienced only 1 ADR
(90.1% of all ADRs); 30 (7.8%), 2 ADRs; and 8 (2.1%),
3 or more. Overall, cardiovascular and arrhythmic com-
plications (n=97; 25.3% of all ADRs) were the most fre-
quent ADRs, followed by gastrointestinal (n=69; 18%),

Table 1. Comparison of Population Characteristics
in Patients With and Without an Adverse Drug Reaction
(ADR) in the Gruppo Italiano di Farmacovigilanza
nell’Anziano Sample

Variable

No. (%)

P Value
No ADR

(n=5553)
ADR

(n=383)

Age �80 y 2355 (42.4) 148 (38.6) .15
Smokers 564 (10.1) 31 (8.1) .39
�4 Comorbid conditions 2744 (49.4) 252 (65.8) �.001
Renal failurea 3511 (63.2) 264 (68.9) .02
Heart failure 738 (13.3) 100 (26.1) �.001
Liver disease 973 (17.5) 94 (24.5) .001
Dementia 391 (7.0) 25 (6.5) .70
Anaemia 2273 (40.9) 144 (37.6) .20
Diabetes 1104 (19.9) 88 (23.0) .14
COPD 850 (15.3) 60 (15.7) .85
Depression 586 (10.6) 52 (13.6) .07
ADL disability 2242 (40.4) 139 (36.3) .12
No. of drugs

�.001
�5 1974 (35.5) 51 (13.3)
5-7 2010 (36.2) 114 (29.8)
�8 1569 (28.3) 218 (56.9)

Falls 730 (13.1) 57 (14.9) .33
Previous ADR 390 (7.0) 66 (17.2) �.001
BMI

�18.5 365 (6.6) 19 (5.0)
.2118.5-24.9 2726 (49.1) 179 (46.7)

�25.0 2462 (44.3) 185 (48.3)
Albumin �3.5 g/dL 1814 (32.7) 129 (33.7) .68

Abbreviations: ADL, activities of daily living; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared);
COPD, chronic obstructive pulmonary disease.

SI conversion factor: To convert albumin to grams per liter, multiply by 10.
aDefined as a glomerular filtration rate of less than 60 mL/min.

Table 2. Variables Included in the Scorea

Variable OR (95% CI) Points

�4 Comorbid conditions 1.31 (1.04-1.64) 1
Heart failure 1.79 (1.39-2.30) 1
Liver disease 1.36 (1.06-1.74) 1
No. of drugs

�5 1 [Reference] 0
5-7 1.90 (1.35-2.68) 1
�8 4.07 (2.93-5.65) 4

Previous ADR 2.41 (1.79-3.23) 2
Renal failureb 1.21 (0.96-1.51) 1

Abbreviations: ADR, adverse drug reaction; CI, confidence interval;
OR, odds ratio.

aThe ORs and 95% CIs are derived from stepwise multivariate
logistic regression. The variables were retained in the model when P� .10.

bDefined as a glomerular filtration rate of less than 60 mL/min.
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neurologic and neuropsychiatric (n=68; 17.8%), elec-
trolytic (n = 50; 13.1%), and dermatologic/allergic
(n=45; 11.7%) complications. The ADRs were rated as
severe in 221 cases (64% of all ADRs).

As shown in Table 1, at the univariate analysis the
presence of 4 or more comorbid conditions, renal fail-
ure, heart failure, liver disease, depression, number of
drugs, and history of an ADR were associated with
increased risk of ADRs, with P� .10. Among these vari-
ables, the number of drugs, history of an ADR, presence
of 4 or more comorbid conditions, heart failure, liver
disease, and renal failure were retained in the stepwise
regression model and used to compute the score
(Table 2). The use of 8 or more drugs was the variable
most strongly associated with ADRs, and it was scored
as 4 points, followed by a history of an ADR, which was
scored as 2 points. All other variables received a score
of 1 point. The range of the score was from 0 to 10; the
mean (SD) was 3.2 (2.2); the median was 3; and the
interquartile range was 1-5. When we repeated the
analysis considering only severe ADRs, we observed
that the number of drugs was still the strongest predic-
tor of an ADR (5-7 vs �5 drugs: OR, 1.58; 95% CI,
0.99-2.52; �8 vs �5 drugs: OR, 4.09; 95% CI, 2.65-
6.31), followed by history of an ADR (OR, 2.18; 95%
CI, 1.50-3.16), presence of 4 or more comorbid condi-
tions (OR, 1.72; 95% CI, 1.26-2.35), heart failure (OR,
1.61; 95% CI, 1.17-2.23), and liver disease (OR, 1.32;
95% CI, 0.95-1.82), while the variable for renal failure
was no longer retained in the model.

The Figure (A) shows that rate of ADRs progres-
sively increased as the ADR risk score increased, going
from 2.0% among patients with a score of 0 to 1 to
21.7% among those with a score of 8 or more. The area
under the ROC curve, which assesses the ability of the
risk score to predict ADRs in the whole population, was
0.71 (95% CI, 0.68-0.73), and this result was substan-
tially confirmed when only severe ADRs were consid-
ered (AUC, 0.73; 95% CI, 0.69-0.76) and after stratifi-
cation of the study population by year of survey (1993
AUC, 0.72; 95% CI 0.68-0.75; 1995 AUC, 0.68; 95% CI,
0.63-0.74; and 1997 AUC, 0.72; 95% CI, 0.67-0.78). A
cut point between 3 and 4 seemed to have a good bal-

ance between sensitivity (68%) and specificity (65%)
and could be used to identify patients who are at high
risk for ADRs.

VALIDATION STUDY

The age of 483 patients entering the validation study was
80.3 (7.6) years; the number of drugs that were used dur-
ing the hospital stay was 11.0 (7.0); and an ADR was ob-
served in 56 participants (11.6%). Table 3 presents the
distribution of variables that were included in the score
according to the ADRs in this population. With the ex-
ception of the presence of heart failure, all the variables
in the score were associated with an increased rate of
ADRs. As shown in the Figure (B), an ADR was ob-
served in 2 of 44 participants (4.5%), with an ADR risk
score of 0 to 1; in 3 of 72 participants (4.2%) with a score
of 2 to 3; in 10 of 143 participants (7.0%) with a score of
4 to 5; in 15 of 131 participants (11.5%) with a score of
67; and in 26 of 93 participants (28%) with a score of 8
or more. The AUC, which assesses the ability of the risk
score to predict ADRs in this sample, was 0.70 (95% CI,
0.63-0.78).
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Figure. Adverse drug reaction (ADR) rate according to ADR risk score in the Gruppo Italiano di Farmacovigilanza nell’Anziano population (A) and in the validation
population (B).

Table 3. Distribution of Variables in the Risk Score
According to an Adverse Drug Reaction (ADR)
in the Validation Study

Variable

No. (%)

P Value
No ADR
(n=427)

ADR
(n=56)

�4 Comorbid conditions 298 (69.8) 49 (87.5) .006
Renal failurea 173 (40.5) 38 (67.9) �.001
Heart failure 60 (14.1) 7 (12.5) .75
Liver disease 142 (33.3) 28 (50.0) .01
No. of drugs

.001
�5 54 (12.7) 4 (7.1)
5-7 105 (24.6) 3 (5.4)
�8 268 (62.8) 49 (87.5)

Previous ADR 147 (34.4) 26 (46.4) .08

aDefined as a glomerular filtration rate of less than 60 mL/min.
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COMMENT

The present study proposes a practical and simple method
of identifying patients who are at increased risk for an
ADR. To our knowledge, this approach has never been
adopted before in the field of ADRs, and it may be use-
ful in clinical practice as a tool to identify patients who
are at risk and in research to target a population that can
benefit from interventions that are aimed to reduce drug-
related illness.

In a previous study, using the following 2 ap-
proaches Bates et al13 tried to develop a risk stratifica-
tion model for patients who are likely to experience an
adverse drug event: (1) a cohort analysis that uses lim-
ited information that is readily available electronically and
(2) a case-control study. In their study, the authors iden-
tified a few independent predictors of ADRs, which had
relatively little power, making their attempt to develop
a risk score unsuccessful. More recently, Johnston et al27

tried to identify specific patient characteristics that are
associated with an increased risk for the development of
an ADR or a medication error. They showed that age, clini-
cal diagnoses, admission sources, types of insurance, and
the use of specific medications or medication classes were
associated with outcome. However, their study was ret-
rospective and relied on voluntarily reported ADRs, which
may have resulted in underreporting. Other studies have
tried to identify risk factors for ADRs among in-hospital
patients and to develop a risk score, but they were lim-
ited by a small sample size or were not specifically fo-
cused on older adults.28,29

In the present study, we identified several risk fac-
tors for the development of ADRs. First, our study con-
curs with previous findings showing that the absolute
number of concurrently used drugs is the strongest risk
factor for the development of ADRs.1,3-5,10-14 Older pa-
tients may, of course, have a genuine need for more drugs,
and the coadministration of multiple drugs can lead to
drug-drug interactions, contributing to an increased rate
of ADRs.17 Noticeably, few older patients who take mul-
tiple drugs are included in pharmacological trials; there-
fore, the safety profile of many drugs in an older frail popu-
lation, especially when used in combination, is still
debated. Also, older patients who have a valid need for
more medications are often victims of a “prescribing cas-
cade” that frequently includes inappropriate medica-
tions, which may play a relevant role in the develop-
ment of ADRs.17,18 Furthermore, a history of an ADR is
also a strong risk factor for drug-related illnesses, sug-
gesting that there is a group of patients who are more sus-
ceptible to the negative effects of drugs because of eth-
nic, genetic, or cultural factors.30

In this study, we have chosen not to assess the risk
for ADRs according to individual drug classes, because
patterns of drug use may change across settings and over
time. Also, the distinction of drugs in “classes” is made
difficult because drugs with similar therapeutic effects
may have different safety profiles. The increased rate of
ADRs observed among patients with comorbidities may
be related to drug-disease interactions: drugs that are in-
dicated for a certain disease may worsen or exacerbate

another condition. Furthermore, several conditions, such
as heart failure or hepatic disease, may alter drug distri-
bution and metabolism, leading to an increased rate of
ADRs.31,32 The association between renal function and iat-
rogenic illness is well documented,33,34 but we found that
impaired renal function had only a borderline associa-
tion with ADRs in the GIFA sample. One possible ex-
planation may be that, while drug metabolism is clearly
altered by impaired renal function, the drugs and the dos-
ages used in older patients are adjusted to account for
this condition most of the time.

We also did not find any association between age
and ADR risk. Indeed, advancing age is associated
with an increased incidence of diseases and with poly-
pharmacy, and, as a result, older patients are more
prone to experience ADRs. Therefore, the association
between advancing age and ADRs that has been
described in previous studies is probably not a direct
one but is most likely mediated by these factors.35,36 In
addition, we studied a population of patients who
were 65 years or older; therefore, we were not able to
assess differences in the risk for ADRs compared with
younger populations.

Most of the risk factors for ADRs identified in this study
were already assessed in other populations, but, to our
knowledge, this is the first study to combine these vari-
ables in a score with the aim of identifying high-risk pa-
tients who can benefit from specific interventions that
are aimed to reduce drug-related illness. The GIFA is one
of the largest studies to examine ADRs in older adults
with a dedicated database. The assessment of ADRs was
done by study personnel during hospital stay, allowing
for a correct evaluation of the clinical presentation. An
important limitation of the study relates to the fact that
data on the preventability of ADRs were not collected.
Indeed, the identification of risk factors for preventable
ADRs may be particularly important to target a high-
risk population that can benefit from interventions that
are aimed to reduce drug-related illnesses. Another limi-
tation is represented by the generalizability of the re-
sults. Our findings, which are based on a hospitalized
population 65 years or older, cannot be extrapolated to
younger persons who are living in the community. There-
fore, further studies are needed to validate the ADR risk
score in other countries and settings. Also, the prescrib-
ing patterns are different in various countries, as is the
epidemiology of disease burden. The data that we used
to develop the risk score were collected between 1993
and 1997. In past decades, the medical complexity of older
adults who are admitted to the hospital and the aware-
ness of the treatment of the elderly population, includ-
ing methods of managing acute geriatric problems, have
increased.

Therefore, a validation study was performed in a
sample of older adults who were hospitalized in 4 aca-
demic hospitals in Europe in 2008. Participants in the
validation study were sicker compared with those in the
GIFA sample: they were older, had more comorbid con-
ditions, used more drugs, and had a higher rate of
ADRs. However, the predictive ability of the score in
both samples was similar, suggesting that it is equally
effective in predicting ADRs in populations with differ-
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ent characteristics. Heart failure was the only variable in
the risk score that was not associated with an increased
risk for ADRs in the validation study. This result may
be related to the small sample size and the reduced
power of this study.

In the past 10 years, the incidence of ADRs in older
hospital patients has not decreased, indicating that there
is a problem of identification of those at risk. Although
geriatricians are now more aware of the adverse effects
of medication and of drug interactions, and pharmacists
who are trained in elderly care are now available in vari-
ous geriatric centers, these changes will need to be imple-
mented in the broad hospital setting to have an impact
on the incidence of ADRs in hospitals. The ADR risk score
is likely to contribute to a better identification of ADRs
and those at risk for ADRs.

The present study proposes a practical, efficient, and
simple method of identifying patients who are at in-
creased risk for an ADR and who may represent a target
for interventions aimed at reducing drug-related ill-
nesses. Further studies are needed to validate this tool
in different populations and settings.
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INVITED COMMENTARY

Adverse Drug Responses

An Increasing Threat to the Well-being of Older Patients

T he article by Onder et al is a valuable tool for cli-
nicians to assess the risk of adverse drug re-
sponses (ADRs) in an older population. It also

is timely because the incidence of ADRs is increasing rap-
idly. The ADRs that were reported to the Food and Drug
Administration increased 160% from 34 966 in 1998 to
89 842 in 2005.1 During this period, fatal ADRs in-
creased 170% from 5519 to 15 107.1 The older popula-
tion has a disproportionately high percentage of ADRs
for several reasons: the increasing number of older per-
sons, the greater comorbidity seen with aging, and the
increased use of medications by physicians treating older
patients.

The absolute number as well as the percentage of older
persons is rising rapidly. The number of individuals 60 years
and older in the United States will increase from 56 to 112
million from 2010 to 2050.2 During this same time frame,
the number of individuals 85 years and older will increase
from 5.7 million to 19 million. Worldwide, the popula-
tion of persons older than 60 years will grow to almost 2
billion by 2050.3 Of this worldwide number, 370 million
will be 80 years or older.3 Percentagewise, the fastest-
growing populations are those in the oldest age groups,
which are the groups that experience the greatest ADRs.
Comorbidity also escalates with aging. Aged patients with
the burden of many diseases and disorders are more likely
to have multiple prescriptions, as well as to have less re-
serves to combat ADRs, and are therefore more likely to
be brought to hospitals for treatment.

Another key contributor to the increasing number of
ADRs is the escalation of drug prescriptions in older pa-
tients. While seniors represent 13% of the population, they
account for 34% of the total prescription drug use. There
are several reasons for this: introduction of new medica-
tions, new indications for the use of older drugs, lower
thresholds for prescribing medications, and the aug-

mented use of drugs to prevent chronic diseases. While
drugs are removed from the marketplace from time to time,
such events are quite rare. Furthermore, estimates of how
much the multibillion-dollar drug industry spends mar-
keting its products to influence physicians and patients to
use more medications ranged from $15.9 to $57.5 billion
in 2004. Unfortunately, there is no organized counteref-
fort to motivate physicians to carefully evaluate and re-
duce the number of medications that they prescribe. Clini-
cal studies to test the feasibility of tapering and/or removing
medications from seniors face a number of serious ob-
stacles: (1) obtaining funding from pharmaceutical com-
panies or from the organizations that they support is highly
unlikely; (2) convincing institutional review boards to ap-
prove clinical studies that remove rather than add medi-
cations is also unlikely; and (3) convincing patients and
their families to participate in these studies is difficult be-
cause they are used to hearing that more drugs are better.

Adverse drug reactions can produce a number of prob-
lems in older patients, including depression, gastrointesti-
nal complaints, insomnia, dizziness, constipation, immo-
bility,andconfusion.Theseeffectscanstartacascadeofevents
leading to disability and death in an older person. For ex-
ample,dizzinessanddrowsiness,whicharefrequentadverse
effects of medications such as antihypertensive drugs, can
cause falls that in turn produce hip fractures. Fractures in
older persons can be as lethal as many cancers.

We are not surprised that the incidence of ADRs in
the study by Onder and colleagues has not decreased in
the last 10 years and predict, based on the demograph-
ics outlined above, that ADRs will increase in number
unless substantial efforts are made to prevent their oc-
currence. How can we successfully approach the bur-
geoning problem of ADRs? In a study of 714 unplanned
medication-related hospital admissions in the Nether-
lands, the authors identified impaired cognition, 4 or more
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