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Background: The incidence of adverse drug reaction (ADR)-related hospitalisa-Abstract
tions has usually been assessed within hospitals. Because of the variability in
results and methodology, it is difficult to extrapolate these results to a national
level.
Objectives: To evaluate the incidence and characteristics of ADR-related hos-
pitalisations in The Netherlands in 2001.
Methods: We conducted a nationwide study of all hospital admissions in 2001.
Data were retrieved from a nationwide computer database for hospital discharge
records. All acute, non-planned admissions to all Dutch academic and general
hospitals in 2001 were included in the study (n = 668 714). From these admissions
we selected all hospitalisations that were coded as drug-related, but intended
forms of overdose, errors in administration and therapeutic failures were exclud-
ed. Hence, we extracted all ADR-related hospitalisations. We compared age, sex
and the risk of a fatal outcome between patients admitted with ADRs and patients
admitted for other reasons, as well as the most frequent main diagnoses in
ADR-related hospitalisations and which drugs most frequently caused the ADRs.
In addition, we evaluated to what extent these ADRs were reported to the
Netherlands Pharmacovigilance Centre Lareb for spontaneous ADR reporting.
Results: In 2001, 12 249 hospitalisations were coded as ADR related. This was
1.83% of all acute hospital admissions in The Netherlands (95% CI 1.80, 1.86).
The proportion increased with age from 0.8% (95% CI 0.75, 0.85) in the <18 years
group to 3.2% in the ≥80 years group (95% CI 3.08, 3.32). The most frequent
ADR-related diagnoses of hospitalisations were bleeding (n = 1048), non-speci-
fied ‘unintended effect of drug’ (n = 438), hypoglycaemia (n = 375) and fever (n =
347). The drugs most commonly associated with ADR-related hospitalisations
were anticoagulants (n = 2185), cytostatics and immunosuppressives (n = 1809)
and diuretics (n = 979). Six percent of the ADR-related hospitalisations had a fatal
outcome (n = 734). Older age and female gender were associated with ADR-relat-
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ed hospitalisations. Only approximately 1% of the coded ADRs causing hospital-
isation were reported to our national centre for spontaneous ADR reporting.
Conclusion: The proportion of ADR-related hospitalisations is substantial, espe-
cially considering the fact that not all ADRs may be recognised or mentioned in
discharge letters. Under-reporting of ADRs that result in hospital admission to our
national centre for spontaneous ADR reporting was considerable.

Background cal specialism (coded) and special codes indicating
drug-related hospitalisations (E-codes), based on the

Studies have estimated a wide variation in the International Classification of Diseases (9th Edi-
frequency of adverse drug reaction (ADR)-related tion)-Clinical Modification (ICD-9-CM) coding
hospitalisations. Meta-analyses have estimated that

system.[9] Characteristics of all hospitalisations are
hospitalisations attributed to ADRs account for be-

registered by medical doctors on the basis of hospi-
tween 2.4% and 6.4% of all hospital admissions in

tal discharge letters and coded by professional code
Western countries.[1-5] For the elderly this percent-

clerks. For every admission, one discharge/main
age has been estimated to be between 3.4% and

diagnosis (mandatory) and up to nine secondary
16.6%.[4,6] Approximately 80% of ADRs causing

diagnoses (optional) are registered. The coding isadmission or occurring in hospital are type A (dose-
independent of reimbursement of hospital or spe-related) reactions, which suggests that they are pre-
cialist. All diagnoses are submitted in the samedictable from the known pharmacology of the drug
format and mostly electronically.and, therefore, potentially avoidable.[2,7] Most epide-

All patients with an acute, non-planned admis-miological studies evaluating the extent of ADR-
sion to a Dutch hospital in 2001 were included in therelated hospitalisations were conducted within (sin-
study (n = 668 714). An ADR-related hospitalisa-gle) units, departments or hospitals, hence different
tion was defined as a hospitalisation with an E-codesettings and methods were used. Because of the
that indicated an ADR as the reason for hospitalisa-variability of the results and methodology, and a
tion (E-code referring to the main diagnosis) or anlack of representativeness, it is difficult to confi-
ADR occurring during a hospitalisation (E-code re-dently extrapolate these results to a national level. In

1998, a national prospective cross-sectional study ferring to the secondary diagnosis). The E-code does
was performed in France.[8] However, only a nation- indicate the drug group involved. Intended forms of
wide sample of medical wards in public hospitals overdose, errors in administration and therapeutic
was taken and studied for 14 days to estimate their failures were not included in our analysis.
national incidence of ADR-related hospitalisations. We assessed the proportion of ADR-related hos-
To estimate our national incidence of ADR-related pitalisations of all acute admissions in all Dutch
hospitalisations, we conducted a study of all hospital academic (n = 8) and general (n = 100) hospitals in a
admissions in The Netherlands in 2001. To our subset of acute admissions to the departments of
knowledge, this is the first nationwide study per- internal medicine, paediatrics, cardiology, lung dis-
formed to evaluate ADR-related hospitalisations. eases, gastroenterology and clinical geriatrics, and

in different age groups. We also assessed what wereMethods
the most frequent main diagnoses in ADR-related
hospitalisations and which drugs most frequentlyData were retrieved from a nationwide computer
caused the ADRs. We compared age, sex, durationdatabase for hospital discharge records. The
of hospital stay and the risk of a fatal outcomedatabase contains basic patient characteristics, ad-
between patients with ADR-related hospitalisationsmission and discharge dates, discharge/main diag-
and patients with other acute admissions.nosis (coded), secondary diagnoses (coded), medi-
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Furthermore, in the ADR-related hospitalisations
with an E-code directly referring to the main diagno-
sis (n = 6209), we evaluated to what extent these
ADRs were reported to the Netherlands Pharma-
covigilance Centre Lareb for spontaneous ADR re-
porting. All Dutch healthcare providers are recom-
mended to report serious ADRs to Lareb, such as
ADRs leading to hospitalisation, permanent disabil-
ity or death.[10] It is known that under-reporting of
ADRs exists in any spontaneous reporting system
and that signal detection of new and serious ADRs is
the main aim of such a system.[11] However, little is
known about the extent of under-reporting of serious

Table I.  Baseline characteristics of study population (n = 668 714)

Characteristic Value

Mean age (y) 48.4

Female sex (%) 53.4

Most frequent main diagnoses Chest pain (5.3)
(% of hospitalisations) Abdominal pain (2.8)

Pneumonia (1.8)
Atrial fibrillation (1.6)
Chronic obstructive lung disease
(1.5)

Median duration of admission 5.0 (2.0–11.0)
in days (interquartile range)

Died during admission (%) 5.6

ADR-related diagnoses (%) 1.8

ADR = adverse drug reaction.

ADRs in The Netherlands.[12] Therefore, the nation-
al hospital discharge records of 2001 were linked by dence of ADR-related hospitalisations in The
sex and birth date to the Lareb database of spontane- Netherlands was 76.3 per 100 000 inhabitants in
ous ADR reports in 2001. If the reported ADR, 2001. The proportion of ADR-related hospitalisa-
discharge diagnosis and the corresponding drug tions was 1.83% of all acute, non-planned hospital
matched well and the date of ADR reporting was admissions in The Netherlands (95% CI 1.80,
within 1 month after or 2 weeks before the date of 1.86%). 734 patients (6.0%) died during an ADR-
admission, we assumed this to be the same case and related hospitalisation.
classified this ADR-related admission to be reported The proportion of ADR-related hospitalisations
to Lareb. was 0.8% (95% CI 0.75, 0.85) in patients aged <18

Descriptive analyses were conducted using SPSS years, 1.32% (95% CI 1.28, 1.36) in patients aged
11.0. Statistical comparison consisted of standard t- 18–64 years, 2.81% (95% CI 2.73, 2.89) in patients
tests (unpaired) and Chi squared-tests. A Mann- aged 65–79 years and 3.2% (95% CI 3.08, 3.32) in
Whitney test was used for non-normally distributed patients aged ≥80 years (table II).
data. Ninety-five percent confidence intervals

In a subselection of all acute admissions to de-around estimates were calculated based on a binomi-
partments of internal medicine, paediatrics, cardiol-al distribution.
ogy, lung diseases, gastroenterology and clinical

The ethical review board of the institution that
geriatrics (n = 353 688), the proportion was 2.84%

holds the database gave consent for performing this
(95% CI 2.79, 2.89) of all acute admissions. In

study.
patients aged ≥65 years it increased to 3.75% (95%
CI 3.66, 3.84) and it was 4.29% (95% CI 4.12, 4.46)Results
in patients aged ≥80 (table II). We assessed the
proportion in this subselection because most pa-The baseline characteristics of the study popula-
tients with ADR-related diagnoses are admitted totion (n = 668 714) are shown in table I. The mean
these departments and many other studies in thisage of patients with acute, non-planned admissions
field were performed within one or more of thesewas 48 years and 53.4% of patients were female.
departments.The most frequent main diagnoses of acute admis-

The proportion of ADR-related hospitalisationssions were ‘chest pain’ (5.3%), ‘abdominal pain’
was 1.2% in academic hospitals versus 1.9% in(2.8%) and pneumonia (1.8%). 12 249 hospitalisa-
general hospitals. The difference increased with ad-tions were coded as ADR related; of which, 6209
vancing age: 1.9% versus 3.3% in people aged ≥80admissions were coded as an ADR-related main
years (for these comparisons, p < 0.001).diagnosis. Based on this number (12 249), the inci-
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66.6% were female versus 62.9% in other admis-
sions and 9.7% died during hospitalisation versus
16.5% during acute hospitalisations for other rea-
sons (for these comparisons, p < 0.001).

The mean duration of ADR-related hospitalisa-
tions was 12.5 days compared with 10 days in other
acute admissions (p < 0.001). However, in the age
group ≥65 years, no significant difference was
found in the mean duration of hospital stay (data not
shown).

Only 59 of the 6209 admissions with a coded
ADR-related main diagnosis in 2001 were reported
to the Netherlands Pharmacovigilance Centre Lareb
for spontaneous ADR reporting. This is approxi-
mately 1% (95% CI 0.71, 1.19) of all hospitalisa-
tions that were caused by an ADR (59/6209). The
most reported ADRs were angio-oedema (7/59),

Table II. Percentage of adverse drug reaction (ADR)-related hos-
pitalisations in 2001 in different age groups

Age (years) Total no. of No. of patients Percentage
patients with ADR-related (95% CI)

hospitalisation

ADR-related hospitalisations (all)

<18 109 047 871 0.80 (0.75, 0.85)

18–64 314 208 4145 1.32 (1.28, 1.36)

65–79 159 117 4467 2.81 (2.73, 2.89)

≥80 86 342 2766 3.20 (3.08, 3.32)

Total 668 714 12 249 1.83 (1.80, 1.86)

ADR-related hospitalisationsa

<18 74 824 838 1.12 (1.04, 1.20)

18–64 120 885 3276 2.71 (2.62, 2.80)

65–79 105 163 3660 3.48 (3.37, 3.59)

≥80 52 816 2266 4.29 (4.12, 4.46)

Total 353 688 10 040 2.84 (2.79, 2.89)

a Departments of internal medicine, paediatrics, cardiology,
lung diseases, gastroenterology and clinical geriatrics.

anaphylaxis (5/59) and hepatitis (5/59). The drug
most often reported to cause an ADR was ni-The most frequent main diagnoses of ADR-relat-
trofurantoin (5/59).ed hospitalisations are shown in table III: bleeding

diagnoses (gastrointestinal bleeding, n = 436; non-
Discussionspecified bleeding, n = 264; intracerebral bleeding, n

= 178; chronic ulcus ventriculi with bleeding, n =
In this nationwide study, we found that 12 249

170), non-specified ‘unintended effect of drug’ (n =
hospital admissions were ADR-related (almost 2%

438), hypoglycaemia (n = 375), fever (n = 347),
of all acute admissions in 2001). As suggested in

agranulocytosis (n = 271) and dehydration (n =
other studies, this could mean that approximately

255). The drugs most commonly associated with
80% or even more of the ADRs that caused or

ADR-related hospitalisations were anticoagulants (n
complicated these 12 249 hospitalisations were po-

= 2185), cytostatics and immunosuppressants (n = tentially avoidable because they were type A (dose-
1809), diuretics (n = 979), insulin and other an- related) reactions, and thus predictable from the
tidiabetic agents (n = 541), salicylates (n = 509) and known pharmacology of the drug.[2,7] Although the
antirheumatics (n = 496). suggested preventability is disputable, this study can

The mean age of patients with ADR-related hos- help us to identify the most frequent ADRs related to
pitalisations was 62 years versus 48 years in other hospitalisations, study their nature and target these
admissions, 55.2% were female versus 53.4% in ADRs to take preventive actions.
other admissions (p < 0.001) and 6.0% died during Six percent of the ADR-related hospitalisations
hospitalisation versus 5.6% during non-ADR-relat- had a fatal outcome (n = 734), although it is un-
ed hospitalisations (p < 0.05) [table IV]. This sex- known what the definite cause of death was. We
associated risk increased with increasing age, but found that the proportion of ADR-related hospital-
the fatality rate diminished. In the 65–79 years age isations increased with age from 0.8% in patients
group, 50.5% of the patients with ADR-related hos- aged <18 years to 3.2% in patients aged ≥80 years,
pitalisations were female versus 46.1% in other ad- which confirms that older people have more ADR-
missions. Futhermore, 7.9% died during ADR-relat- related problems. In the subselection of all acute
ed hospitalisations versus 9.8% during other acute admissions to departments of internal medicine,
admissions. In the highest age group (≥80 years), paediatrics, cardiology, lung diseases, gastroenterol-

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (2)



ADR-Related Hospitalisations in The Netherlands 165

ogy and clinical geriatrics, the proportion increased that increasing age per se is a risk factor for the
from 1.1% in the youngest age group to 4.3% in the occurrence of ADRs. Several studies have clearly
eldest age group. shown that the risk of ADRs (including interactions)

is related to the number of drugs taken[17-19] and thatThe strength of the database that we used is that it
the elderly receive more drugs, sometimes inappro-includes all admissions in all Dutch general and
priately.[20,21]

university hospitals, and that the admission codes
are independent of reimbursement. The latter may In the total group, it seemed that slightly more
be a problem in similar databases in some countries people died during an ADR-related hospitalisation
(e.g. the US) where some diagnoses pay better than than during non-ADR-related hospitalisations (6.0%
others. Our estimates are in general lower than in versus 5.6%, p < 0.05). However, we found that in
previous studies. Some (smaller) studies have pro- the elderly (aged ≥65 years) fewer people died dur-
duced higher estimations, but most of these studies ing an ADR-related hospitalisation than during oth-
investigated admissions in specific departments er acute hospitalisations (8.6% vs 12.2%, p < 0.001),
(such as internal medicine or cardiology) and as- which indicates that the other hospitalisations were
sessed all admissions with the prior hypothesis that probably for more serious conditions and/or ADRs
drugs may have played a role.[13-16] Such studies were easier to treat. It seems that ADR-related hos-
might tend to overestimate the proportion of ADR- pitalisations in the elderly are in general less life
related hospitalisations. Indeed, it was found that threatening than other disease-related acute admis-
smaller studies show higher proportions of ADR- sions in the elderly.
related hospitalisations, while larger studies display The mean duration of hospital stay in patients
lower proportions.[4]

with ADR-related admissions was longer than in
As in other studies, we found that older age and other acute admissions in the total group (12.5 days

female sex are associated with more ADR-related vs 9.9 days, p < 0.001). This difference disappeared
hospitalisations. This does not necessarily indicate in patients aged ≥65 years (data not shown). The

Table III. Most frequent main diagnoses and drug groups most commonly associated with the adverse drug reaction (ADR) in ADR-related
hospitalisations (n = 12 249)

Characteristic ICD-9-CM code Frequency Percentage

Main diagnosis

Bleeding – all types – 1048 8.6

gastrointestinal bleeding 578 436 3.6

non-specified bleeding 459.0 264 12.2

intracerebral bleeding 431 178 1.4

chronic ulcus ventriculi with bleeding 531.4 170 1.4

Unintended effect of drug 995.2 438 3.6

Hypoglycaemia 251.2 375 3.1

Fever 780.6 347 2.8

Agranulocytosis 288.0 271 2.2

Dehydration 276.5 255 2.1

Drug group

Anticoagulants E934.2 2185 17.8

Cytostatics and immunosuppressants E933.1 1809 14.8

Diuretics E944.4 979 8.0

Insulin and antidiabetics E932.3 541 4.4

Salicylates E935.3 509 4.2

Antirheumatics E935.6 496 4.1
ICD-9-CM = International Classification of Diseases (9th Edition)-Clinical Modification.
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Table IV.  Adverse drug reaction (ADR)-related hospitalisations compared with other acute admissions in different age groups

Characteristic ADR-related hospitalisations Other admissions p-Valuea

<18y (n = 109 047)

Mean age (y) 4.5 3.8 <0.001

Female sex (%) 46.4 44.2 NS

Mean duration of hospital stay (d) 3.6 5.8 <0.001

Died during hospitalisation (%) 0.4 0.5 NS

18–64y (n = 314 208)

Mean age (y) 47.5 41.7 <0.001

Female sex (%) 54.5 57.6 <0.001

Mean duration of hospital stay (d) 9.7 7.6 <0.001

Died during hospitalisation (%) 2.7 2.3 NS

65–79y (n = 159 117)

Mean age (y) 72.8 72.4 <0.001

Female sex (%) 50.5 46.1 <0.001

Mean duration of hospital stay (d) 14.3 13.5 <0.01

Died during hospitalisation (%) 7.9 9.8 <0.001

≥80 (n = 86 342)

Mean age (y) 84.7 84.9 <0.05

Female sex (%) 66.6 62.9 <0.001

Mean duration of hospital stay (d) 16.5 16.7 NS

Died during hospitalisation (%) 9.7 16.5 <0.001

Total (n = 668 714)

Mean age (y) 62.1 48.2 <0.001

Female sex (%) 55.2 53.4 <0.001

Mean duration of hospital stay (d) 12.5 9.9 <0.001

Died during hospitalisation (%) 6.0 5.6 <0.05

a Cut-off p-value: 0.05.

NS = not significant.

difference is mainly due to the ADR-related hos- spontaneous reporting system is mainly to detect
new signals (mostly type B reactions) and not to bepitalisations in younger patients (aged 18–64 years)
overwhelmed by already well known serious type Awho probably need a relatively longer hospital stay
reactions regularly causing hospitalisations (i.e. gas-in these than in other hospitalisations, which are
trointestinal bleeding while using anticoagulants).usually short and non-complex in this age group
Hence, we should place this under-reporting into(e.g. appendix surgery).
perspective.Only 1% of all ADR-related hospitalisations

(with an ADR as the main diagnosis) were reported
Study Limitations

to our National Pharmacovigilance Centre. All
Dutch healthcare providers are recommended to re- A limitation of this study is that the proportion of
port serious ADRs, such as ADRs leading to hos- ADR-related hospitalisations we found is probably
pitalisation, permanent disability or death.[10] How- an underestimation of the real situation. There is the
ever, according to our data there is a substantial potential for misclassification because not all ADRs
under-reporting of ADRs leading to hospitalisation, will be recognised or mentioned in discharge letters
even though the Dutch National Pharmacovigilance and coded accordingly.[22] However, by using the
Centre is actively encouraging clinicians to reports ICD-9-CM coding system, the assessment of ADR-
these serious ADRs. On the other hand, the aim of a related hospitalisations is unbiased because the code
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clerks were not coding as part of a study (with a occurring during 1 year in all hospitals in one coun-
predefined hypothesis). As mentioned previously, try. Although our finding that 12 249 hospitalisa-
most other studies might come to higher estimations tions (1.83%) were ADR related is considerable,
because they assess all admissions with the hypothe- these figures are lower than similar studies using
sis that drugs may have played a role. This method is chart review. Furthermore, we found that the under-
very sensitive to bias towards overestimation of reporting of serious ADRs leading to hospitalisation
ADR-related hospitalisations. to our national Pharmacovigilance Centre is sub-

stantial.Another limitation of this study may be that the
ADR-related hospitalisations also include admis-
sions in which the ADR has occurred during the Acknowledgements
admission. Hence, cases are included in which the
ADR has not been the reason for admission, but a None of the authors have a conflict of interest and this
complication during an admission. This makes a research was not supported by external funds.
comparison with some other studies more difficult
because several investigators define ADR-related
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