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Introduction
To the patient an unnecessary hospital admission
caused by adverse drug reactions (ADRs) is an unneces-
sary loss of health as well as an unnecessary loss of
quality of life; besides it is a waste of money. In other
words, unnecessary hospital admission by ADRs is very
inefficient. Prevention will avoid part of this waste of
health as well as part of the waste of money. Thus, pre-
vention of unnecessary hospitalisations by ADRs might
be an important goal in health policy decision-making. 

No meta-analysis on unnecessary hospital admissions
by ADRs could be found in the literature; therefore we
tried to apply meta-analysis techniques on this topic. 

The goal of this study is to establish the percentage
adverse drug reactions related hospital admission from
the data available in the literature using meta-analysis
techniques. Besides we will discuss its preventability.

Method
A literature search was performed in the Medline
Database, first search in April 2000; last search in April
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Abstract
Aim: to establish the percentage hospital admission related to
adverse drug reactions (ADRs) from the data available in the
literature.
Method: literature search in the Medline database, meta-
analysis.
Results: from the literature it is revealed that a considerable
part of all hospital admissions are related to adverse drug
reactions. However, these data are not homogenous, i.e.
larger studies display a lower percentage of ADR related
hospital admission, while smaller studies display a higher
percentage. Subgroup analysis showed that for elderly
people the odds of being hospitalised by ADR related
problems is 4 times higher than for younger ones (16.6% vs.
4.1%). A considerable part of these hospitalisations can be
prevented. Subgroup analysis revealed that in the elderly up
to 88% of the ADR related hospitalisations are preventable;
for the non-elderly this is only 24%. Comparatively more
elderly people are hospitalised than younger ones.
Combining these findings, twice as much elderly people are
hospitalised by ADR related problems than non-elderly, while
preventability of ADR related hospitalisation might yield 7
times more people in the elderly than in the non-elderly. The
estimation of the costs of ADR related hospitalisations in the
Health Care system in The Netherlands is discussed.
Conclusion: many elderly people are hospitalised by ADR
related problems; an important part of these hospitalisations
can be avoided. 
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2001. Inclusion criteria were the keywords: hospital-
isation, hospital admission, drug related-problems,
adverse drug reactions. The number of papers found
with these inclusion criteria was 306. For reasons of
reducing heterogeneity, the following exclusion crite-
ria were used: elicit drug use, drug abuse, alcohol
abuse, and drug-related problems during hospitalisa-
tion. Number of papers left after this selection was
159. Among these we found 38 papers containing
data on ADR related hospitalisations as well as data on
the total number of patients hospitalised. 

Complementary searches were performed in the
Cochrane Library CD-ROM [1], yielding one paper [2].
In this review and in a second one [3] we found an
additional 26 papers containing similar data. Overall
we found 68 studies, published in 64 papers [4-67]. 

As for the definition of an adverse drug reaction
(ADR), we used the definition by the World Health
Organisation: an adverse drug reaction is a noxious,
unintended and undesired effect of a drug, which
occurs at doses used in humans for prophylactics,
diagnosis or therapy. Thus, therapeutic failures, inten-
tional and accidental poisoning (overdose) and drug
abuse were excluded from the search [2].

In each of the selected studies the authors had calcu-
lated the percentage of ADR related hospitalisation. Per
study we calculated the uncertainty of this estimator; it
depends on the value of the proportion found, and on
the study size. A proportion is binominally distributed
with mean = proportion p, and SE = sqrt[p*(1-p)/N].
The 95% confidence interval = p-(z*SE) to p+(z*SE)
with z = 1.960 (z: standardised normal distribution).
These confidence intervals (CI) encompass the value of
the parameter with a probability of 95%.

Microsoft Excel97 was used for data recording.
Excel97 and SPSS version 10 were used for statistical
analysis.

Results
The papers that were selected in this review [4 - 67]
contain data describing the total number of patients
hospitalised as well as the proportion caused by unin-
tentional harm by inappropriate drug use. Also some
accessory characteristics of the drug use, such as age,
preventability, type of hospital, were described in
these studies. No case-control study, cohort study or
experimental study for identifying risk factors for ADR
related hospitalisations could be identified. So this
review deals with observational studies only.

In these 68 studies, the hospitalisation of 6,071
patients was judged to be ADR related, in a grand
total of 123,794 hospital admissions, which is 4.9% ±
0.1% (mean ± confidence interval). Per study the
number of patients hospitalised varied considerably
from 41 to 24,000; the number of patients hospi-
talised by ADR varied from 6 to 686. The percentage
of patients hospitalised due to ADR varied from 0.2%
- 41.3% (Table 1).
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First the proportional hospital admission was plotted
against study size, as a funnel plot (Fig 1). The larger
studies display low proportions of ADR related hospi-
talisation, while smaller studies show much higher
proportions. This curvilinear relation is rather peculiar,
as it seems reasonable to expect ADR related hospital-
isation to be not dependent from study size. 

An alternative way to assess the ADR related hospi-
talisation is to calculate the arithmetical average of
the proportions of ADR related hospitalisation, as
published in each study; in this way the proportion is
not weighed for the study size. This average was cal-
culated to be 12.5% ± 2.6% (mean ± confidence
interval). This is 2.6 times higher than 4.9% as found
by dividing the total number of ADR patients by the
total number of hospitalised patients.

The distribution of the proportional hospital admis-
sion by ADRs over study size (see Fig 1) was tested for
skewness; this distribution turned out to be skewed
(student t=3.59, df=67, p<0.001), implicating that
the arithmetical average is not the better way of rep-
resenting the parameters of this distribution.
Consequently, the data in these studies are to be
regarded heterogeneous, i.e. there may be some
unknown factors influencing the ADR related hospi-
talisation. These factors may be detected by attempt-
ing to subdivide the 68 studies in subgroups.
Subgroups to be nominated are the factors age, med-
ication group, year of publication, kind of hospital,
and country.

Subgroup analysis: elderly versus non-elderly
Among these 68 studies we found 17 studies (see
Table 1) on elderly patients. In most studies, 65-year
of age and older was the criterion for belonging to
the elderly; in two studies this criterion was higher: 70
and 75 years of age [45,56]. These 17 studies
described 7,553 hospitalisations of elderly patients, of
which 1,251 (16.6% ± 0.8%, mean ± confidence
interval) were judged to be hospitalised due to ADR
related problems (Fig 2). The arithmetical average of
the proportions of ADR related hospitalisation in the
elderly, as published in each study, is 19.6% ± 4.6%
(mean ± confidence interval). These 17 studies on the
elderly were small sized, varying from 100 to 1988
hospitalisations. 

In the remaining 51 studies on non-elderly people,
4,820 patients were hospitalised due to ADR related
problems, on a grand total of 116,241 hospitalisations
(4.1%  ± 0.1%, mean ± confidence interval, Fig 2). The
arithmetical average of the proportions of ADR related
hospitalisation in the non-elderly, as published in these
studies, is 10.0% ± 2.4% (mean ± confidence interval).
In these 51 studies on the non-elderly, there were small
studies as well as larger ones; all larger studies displayed
a low percentage of ADR related hospitalisation (Fig 1).
The mean percentage hospital admission in the elder-
ly versus non-elderly was found to be statistically sig-
nificant (t= 4.12, df= 66, p< 0.0001). However, larger
studies on the elderly (N>2000) were found to be
absent in the literature (Fig 1). Therefore, one may
argue that the hospital admission of the elderly and
non-elderly erroneously had been found significantly
different, because larger studies in the elderly
(N>2000), with presumably lower values of the per-
centage hospital admission, are lacking.

To test this objection, we compared similar groups
of small and medium sized studies (N<2000) in both
elderly and non-elderly. In these selected studies then
the mean percentages hospital admission were tested
with the student-t test; these means were found to be
different (t = 2.937, df = 52, p = 0.005).

The proportions of the ADR related hospitalisation, as
published in these 68 studies, were sorted by study size,
and plotted equidistantly, including the mean and con-
fidence interval of each study (Fig 3). Numbers 1 - 51
refer to studies on the non-elderly; numbers 53 - 69
refer to studies on the elderly, number 52 is a delimiter
space. There is no relation with the numbers in the ref-
erence list. The weighted proportions, 4.1% in the non-
elderly and 16.6% in the elderly, were plotted as hori-
zontal lines. As these lines do not hit all confidence
intervals, it is concluded that a considerable amount of
heterogeneity still remains, caused by some unknown
factors other than age. Thus, pooling the results of these
heterogeneous studies may seem improper, but pool-
ing may be the next best way to represent these data.

Subgroup analysis: medication
Medication might be the main factor able to explain
the remaining heterogeneity in the data on ADR related
hospitalisations. However, most studies do not specify

Figure 1 Relation between the number of patients studied and the percentage unnecessary hospitalisation.



Table 1

Non-elderly
Reference Author Year Hosp.Admission Size Percentage Country

38 Larmour91 1991 136 5623 2.4% Australia
20 Easton98 1998 58 1682 3.4% Australia
18 Dartnel196 1996 68 965 7.0% Australia
24 Gleeson88 1988 34 947 3.6% Australia
22 Galbraith93 1993 48 751 6.4% Australia
63 Stanton94 1994 68 691 9.8% Australia
59 Sarkawi95 1995 49 419 11.7% Australia
10 Blackbourn91 1991 29 180 16.1% Australia
30 Hewitt95 1995 46 131 35.1% Australia
39 Lee93 1993 37 112 33.0% Australia
31 Huic94 1994 130 5227 2.5% Croatia
26 Hallas91 1991 26 328 7.9% Denmark
27 Hallas92 1992 212 1999 8.4% Denmark
19 Davidsen88 1988 49 426 11.5% Denmark
28 Halas92 1992 25 313 8.0% Denmark
55 Perault99 1999 31 1235 2.5% France
5 Allain83 1983 30 550 5.5% France

51 Moore98 1998 31 329 9.4% France
23 Gholami99 1999 62 370 16.8% Iran
42 Levy79 1979 103 2499 4.1% lsrael
42 Levy82 1982 34 1184 2.9% Israel
29 Hermesh85 1985 24 321 7.5% Israel
41 Lepori99 1999 138 2168 6.4% ltaly
40 Leonegg 1999 6 120 5.0% ltaly
44 Major98 1998 213 2202 9.7% Libanon
13 Cooke85 1985 14 300 4.7% S.Africa
32 lbanez91 1991 554 7728 7.2% Spain
25 Guemes99 1999 43 1097 3.9% Spain
46 Martinez-Mir96 1996 22 512 4.3% Spain
7 Bergman81 1981 45 285 15.8% Sweden

35 Klein76 1976 171 914 18.7% Switzerland
67 Wu96 1996 38 666 5.7% Saiwan
8 Bigby87 1987 686 24000 2.9% USA

54 Pearson94 1994 203 10587 1.9% USA
57 Prince92 1992 71 10184 0.7% USA
49 Miller74 1974 260 7017 3.7% USA
50 Mitchel188 1988 131 6546 2.0% USA
11 Caranasos74 1974 177 6063 2.9% USA
50 Mitchel188 1988 6 3026 0.2% USA
6 Bates93 1993 27 420 6.4% USA

14 Cooper87 1987 161 1728 9.3% USA
60 Smith66 1966 35 900 3.9% USA
37 Lakshmanan86 1986 35 834 4.2% USA
50 Mitchel188 1988 157 725 21.7% USA
48 McKenzie73 1973 69 658 10.5% USA
52 Nelson96 1996 73 452 16.2% USA
15 Cooper99 1999 52 332 15.7% USA
47 McKenny76 1976 59 216 27.3% USA
33 lves87 1987 16 178 9.0% USA
64 Stewart80 1980 16 60 26.7% USA
58 Salem84 1984 12 41 29.3% USA

Total: 4.820 116.241 10.0% = average
Percent: 4.1%

Elderly
Reference Author Year Hosp.Admission Size Percentage Country

66 Wong93 1993 81 541 15.0% Australia
66 Wong93 1993 49 245 20.0% Australia
5 Atkin94 1994 48 217 22.1% Australia

53 Ng96 1996 31 172 18.0% Australia
56 Popplewel182 1988 31 100 31.0% Australia
62 Soon85 1985 223 826 27.0% Canada
16 Courtman95 1995 62 150 41.3% Canada
45 Mannesse00 2000 25 106 23.6% Netherlands
36 Kraaij94 1994 14 105 13.3% Netherlands
65 Williamson80 1980 209 1988 10.5% UK
17 Cunningham97 1997 144 1011 14.2% UK
8 Bero91 1991 45 684 6.6% USA

34 Kernan94 1994 91 486 18.7% USA
21 Frisk77 1977 86 392 21.9% USA
12 Col90 1990 89 315 28.3% USA
33 lves87 1987 14 115 12.2% USA
61 Smucker90 1990 9 100 9.0% USA

Total 1251 7553 19.6% =average
Percent: 16.6%
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a cross-tabulation of medications vs. number of
patients, which is the information necessary for this
subgroup analysis. These studies only give a list of
medications on an aggregated level, i.e. only a collec-
tion of the medications held responsible for unneces-
sary hospitalisations. Only a few studies mention a list
of specified medications and the accompanying num-
ber of patients hospitalised by ADRs by these drugs.
Subgroup analysis of aggregated data would result in
counting patients manifold, which will confuse rather
than clarify. Therefore, a subgroup analysis on med-
ication level could not be performed.

What could be done is to give the aggregated med-
ication categories that, according to the author’s opin-
ions, were held responsible for the unnecessary hospi-
tal admission. Among these medications, nine cate-
gories could be detected: cardiovascular (38 studies),
NSAIDs and analgetics (30 studies), psychotropics (23
studies), antibiotics (23 studies), antidiabetics (12 stud-
ies), antineoplastics (8 studies), diuretics (20 studies),
anticoagulantia (19 studies), corticosteroids (6 studies).

The authors also named the diagnoses or indica-
tions that, according to their opinions, were held
responsible for unnecessary hospital admissions.
These indications may be regarded as factors capable

to predict hospitalisations due to ADRs. Among these
indications seven categories could be detected: non-
compliance (12 studies), gastro-intestinal complica-
tions (6 studies), elderly (9 studies), polypharmacy
(15 studies), physicianís decision (4 studies), under-
dosing (5 studies), overdosing (3 studies). 

Subgroup analysis: year of publication
During this 35-year study period, information on ADR
related hospital admission might have been liable to
change. Therefore the correlations of the study size,
respectively the percentage of ADR related hospitali-
sations against the year of publication were calculat-
ed. The year of publication did not correlate with
study size (r = -0.043, p = 0.76), nor with the percent-
age of ADR related hospitalisations (r = -0.075, p =
0.59). So no regression of the number of patients or
the percentage of ADR related hospitalisations over
the study period could be established.

Subgroup analysis: type of hospital, community
hospital or university hospital
In 37 studies, the kind of hospital mentioned was
either community (N=20) or university hospital
(N=17). As there might be a difference between the

Figure 2 Subgroup analysis of the elderly versus the non-elderly. 

Figure 3 Study size versus percentage ADR related hospital admission; studies 1-51: non-elderly; studies 53-69:
the elderly. Vertical lines represent 95% confidence intervals.



proportion hospitalisation of elderly patients among
different types of hospitals, we have tested this
hypothesis. No difference on this topic between com-
munity and university hospitals could be detected,
using the data from these 37 studies (student t =
0.96; df = 35; p = 0.34). 

Subgroup analysis: country 
Data was collected from three major regions in the
world; USA: 25 papers, Australia: 15 papers, Europe:
19 papers. In each of these regions a similar pattern
can be seen: larger studies display lower proportions
of ADR related hospitalisation, while small studies
show much higher proportions (Fig 4abc). As only 2
papers including data from second world countries
versus 61 papers from western world countries were
found, a subgroup analysis for first vs. second world
countries did not seem feasible.

Prevention
Only 12 studies [6,8,9,16,20,23,28,37,42,51,52,54]
provided data on prevention of unnecessary hospital
admissions. A preventable hospital admission was
defined as a hospital admission that could have been
prevented by an intervention by any caregiver. In
these 12 studies, 1,410 patients had been hospi-
talised due to ADRs, of which 407 (28.9% ± 0.02%,
mean ± confidence interval) were regarded as pre-
ventable. The remaining hospital admissions were
regarded as not preventable; these hospitalisations
were regarded as unavoidable; a hospitalisation
caused by the ADRs of e.g. cytostatics was named as
an example of an unpreventable hospital admission.
The data in these 12 studies were broken down into
two subgroups: elderly and non-elderly. Two studies
[8, 16] on elderly patients and 10 studies on middle
aged and younger patients were compared. In the
elderly a high percentage, 94/107 = 87.9% ± 0.06%
(mean ± confidence interval) of the hospitalisations
was found to be preventable. In middle aged and
younger patients, a much lower percentage was seen,
313/1,303 = 24.0% ± 0.02% (mean ± confidence
interval), (Fig 5).

Methods of prevention
Several activities were proposed as remedy against
unnecessary hospital admissions: improve physicianís
judgement and decision on the prescription (3 stud-
ies), improve the patientís compliance (3 studies),
improve the communication with the patient (3 stud-
ies), automate the signalling of risk events to improve
surveillance results (2 studies).

The finding that errors made by physicians were
much more likely to result in ADRs than were errors
by others suggest that interventions for preventing
ADRs are likely to be most effective if they directly
affect physicians decision making or provide checks
on those decisions [6]. These findings are also consis-
tent with the hypothesis that nursing and pharmacy
personnel may have already come further regarding
developing effective safeguards for the process of giv-
ing drugs than physicians have [6].

A few studies [47,52,68,69] refer to the pharmacist
as the pivotal professional who is able to execute a
program on the prevention of unnecessary hospitali-
sation. No other caregiver in patient care is men-
tioned specifically as being able to do so. 

Discussion
All studies in this analysis were observational ones.
The evidence consisted of assessing the number of
hospital admissions over a certain period of time and
then establishing an opinion whether the admission
was being caused by an ADR or not. As Randomised
Controlled Trials about this topic are lacking, these
observational studies may be regarded as second best
evidence for the problem of medications causing
unnecessary hospital admission. 

The data on ADR related hospital admissions were
found to be heterogeneous, i.e. larger studies display
a lower percentage of ADR related hospital admission
while smaller studies show a higher percentage.
Although a small part of this peculiar phenomenon
may be explained by differences in quality of the
methods used in these studies (e.g. differences in def-
inition of adverse drug reactions of in the data collec-
tion methods), this phenomenon may be called pub-
lication bias. This means that smaller studies display-
ing a high percentage have had a higher chance of
being published than larger studies showing lower
percentages [70]. Although we used the reference list
extensively, a small part of this bias may be explained
by the use of Medline as the main source to identify
the studies. 

The proportion of ADR related hospitalisations, as
calculated in each study, could not have been originat-
ed from one common population, so from the propor-
tions, as calculated in each individual study, no com-
mon estimator should be calculated. The best resolu-
tion for this problem is to choose for the weighted
average, in these studies 4.8%, which is the sum total
of the ADR related hospital admissions divided by the
sum total of all admissions, and not to choose for the
arithmetical average of the proportions of ADR related
hospitalisations, in these studies 12.5%. The latter
method of calculation yields a proportion that is 2.6
times too high; this would overestimate the problem
as well as any money savings that might be calculated.

What is the proportion of the hospitalisations that
are caused by ADRs in the Netherlands? In our count-
ry 1,590,000 patients were hospitalised during the
year 1998 [71]. Not surprisingly, relatively more
elderly people (13% of the population) were admit-
ted to a hospital than non-elderly elderly people
accounted for 33.2% of the hospital admissions [72],
i.e. 527,880 admissions. The sub-group analysis of
international data revealed that 4.1% of the non-
elderly hospital admissions was ADR related while for
the elderly this percentage was four times higher,
16.6%. If these data from the international literature
were applicable to our national situation, then on a
yearly base 16.6% of 33.2% of 1,590,000 = 87,400
elderly patients are estimated to be hospitalised due
to ADRs. This is twice as much as for non-elderly
people: 4.1% of 66.8% of 1,590,000 = 44,000 non-
elderly patients. In total 131,400 of 1,590,000 hospi-
tal admissions can be regarded as ADR related, which
gives the proportion of ADR related hospitalisations in
the Netherlands as 8.2% (Table 2, numbers are roun-
ded off).

Part of these hospital admissions cannot be preven-
ted, but a considerable part can. Data in the literature
reveal that 24.0% of the ADR related hospital admis-
sions of non-elderly people could have been preven-
ted; in The Netherlands this would be 10.600 ADR50
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related hospital admissions. For elderly people 87.9%
of these hospital admissions were found to be preven-
table. Extrapolation then reveals that, on a yearly
base, the hospital admission of 76,800 elderly people
in The Netherlands may be avoidable, which is 7
times as much as for non-elderly people. If a preven-
tion program is as effective as described in the studies
mentioned above, these patients will not experience
the morbidity that otherwise would have had them
hospitalised (Table 2).

How reliable is the very high percentage of 87.9% of
avoidable hospital admissions in the elderly. This per-
centage is based on 2 studies, in which 107 hospitalisa-
tions of elderly people were observed of which 94 have
been judged as avoidable, which is 87.9% with a confi-
dence interval of 0.06%. This means that, with a prob-
ability of 95%, the true percentage may lie between
87.1% and 88.5%. So from these only two studies the
high percentage of avoidable hospital admissions in
the elderly may be regarded as fairly trustworthy.

Figure 4 Study size versus percentage ADR related hospital admission in Australia (a), the USA (b) and Europe (c). 

a

b

c



The numbers above were calculated by extrapolation,
assuming that the data from international studies are
applicable to the health care system in The
Netherlands. But, can this assumption be kept
upright. There are two papers displaying data on ADR
related hospitalisations of elderly people in The
Netherlands [36,45]. In these papers the percentage
ADR related hospital admissions is 18.5 ± 5.4% (mean
± confidence interval, 39 out of 211 admissions),
which is quite similar to the overall average from the
international studies of the elderly, i.e. 16.6%.
Therefore it seems appropriate to estimate the costs
of preventable ADR related hospital admissions in the
Netherlands by applying the international data to our
national situation. 
Estimating these costs, several uncertainties are met
with:
- The health care system in The Netherlands may be

called very good, meaning that linear extrapolation
from global data to our national system may over-
estimate the national problem.

- The average length of stay of an ADR related hospi-
talisation, 8.7 days according to Goettler [73] may
be a bit shorter than the overall mean length of
stay, 9.9 days [71].

- Because of declining reserve capacity of many of
their organs, the hospital admission of elderly peo-
ple may be more expensive than the admission of
younger ones.

- The cost per day may be calculated including or
excluding complex medical activities, such as oper-
ations and functional and diagnostic tests, which
may be carried out in a lesser extent on ADR related

hospitalised persons. If complex medical activities
are included, a higher admission price can be calcu-
lated: all costs over all admissions = € 7.830 mil-
lion/1.593.000 admissions = € 4.915 per admission.
Excluding complex medical activities, a lower
admission price can be calculated: combining
admission to a university hospital [14% of admis-
sions [74], costs € 325 per day [75]] with admission
to a community hospital [86% of admissions [74],
costs € 231 per day [75]], yields: 14%*€ 325 +
86%*€ 231 = € 245 per day, times 8.7 days per
admission = € 2.128 per admission.

Thus, a lower estimation of the costs of preventable
ADR related hospital admissions may be calculated as
87.400 patients per year* 8.7 days* € 245 per day = €
186 million per year, which is an equivalent of $158
million or £110 million. A higher estimation of these
costs may be 87.400 patients per year* € 4.915 per
admission = € 430 million per year, which is an equiv-
alent of $365 million or £256 million.

Recomendations
Because larger studies on ADR related hospital admis-
sions of elderly people have not been performed and
because of scarce data on preventability of ADR relat-
ed hospital admissions we recommend larger studies
in the elderly to be performed on ADR related hospi-
talisation, with special interest in measuring avoidabil-
ity. In the literature data on medications with ADRs
leading to hospital admission have been published on
an aggregated level. We recommend studies that

Figure 5 Percentage avoidable ADR related hospital admissions in the population, in the elderly and in the non-
elderly.

Table 2

Hospital Hospital ADR related ADR related Avoidable Avoidable Costs € Costs €
admissions, admissions, Admissions Admissions Admissions Admissions Lower Higher
Percentages Abs.numbers Percentages Abs.numbers* Percentage Abs.numbers* Estimate* Estimate*

Source [71, 72] calculated this study calculated this study calculated this study this study
Elderly 33.2% 527,880 16.6% 87,400 87.9% 76,800 163 million 378 million
Non-elderly 66.8% 1,062,120 4.1% 44,000 24.0% 10,600 23 million 52 million
Total 1.590.000 1.590.000 131,400 87,400 186 million 430 million

*: Numbers are rounded off
52
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publish data on ADR related hospital admission, as
related to specific drugs, or to specific ATC levels.

Conclusion
Data in the literature on ADR related hospitalisation are
heterogeneous, i.e. larger studies display lower per-
centages while smaller studies show higher percent-
ages. Subgroup analysis revealed that ADR related hos-
pitalisation among the elderly is 4 times higher than for
the non-elderly people. ADR related hospital admis-
sions therefore are a significant and expensive public
health problem, especially for the elderly. Preventing
these hospitalisations will keep 7 times more elderly
people out of the hospital than non-elderly ones.
Therefore ADR related hospital admissions are a signifi-
cant and expensive public health problem, in the first
place because of the many elderly persons who are
hospitalised unnecessary, but also because of the
amount of money that seems to be wasted. 

A few studies suggest that monitoring the medica-
tions of elderly people by pharmacists may prevent at
least a big part of the complex problem of ADR relat-
ed hospital admissions. 
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