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Abstract

Background

Adverse drug reactions (ADRs) are a major burden in health care, regularly lead-
ing to hospital admission, morbidity or death. Women tend to have a higher
risk of adverse drug reactions with a 1.5 to 1.7-fold greater risk than men. Our
primary aim was to study differences in ADR-related hospitalizations between
the sexes.

Methods

We conducted a nationwide study of all ADR-related hospitalizations in the
period between 2000 and 2005 in the Netherlands, which were selected from
all 9,287,162 hospital admissions in this period. ADR-drug group combinations
with at least 50 admissions in one of the sexes were selected. Relative risks and
confidence intervals were calculated with respect to total number of admissions
and total number of prescriptions with men as reference.

Results

In total, 0.41% of the 4,236,368 admissions in men (95% CI 0.40, 0.42%) and 0.47%
of the 5,050,794 admissions in women (95% CI 0.46, 0.48%) were attributed
to an ADR by medical specialists (57% of all ADR-related admissions were in
women). Differences between the sexes in risk of ADR-related hospitalization
were found for antineoplastic and immunosuppressive drugs, antirheumatics,
anticoagulants and salicylates, cardiovascular and neurological drugs, steroids,
and antibiotics. In certain drug categories, risks of hospitalization changed after
taking into account the total number of drug prescriptions.

Conclusion

In all different drug classes, significant differences exist between the sexes in
ADR-related hospital admissions. Cardiovascular drugs account for the most
pronounced differences between men and women. More research is needed to
explain the clear sex differences in ADR-related hospital admissions.
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Introduction

Drug action and biological reaction is a continuous topic of interest, as phar-
macotherapy is the most frequently employed medical intervention, and the
continuous development of new drugs and removal of old products from the
market are representative of a dynamic discipline. Both beneficial and adverse
drug reactions are important considerations for defining optimal treatment
strategies. The World Health Organisation (WHO) defined an adverse drug reac-
tion (ADR) as “a response to a drug that is noxious and unintended and occurs at
doses normally used in man for the prophylaxis, diagnosis or therapy of disease,
or for modification of physiological function”.!

Sex is an important determinant of drug use and drug response. Women tend
to have a higher risk of adverse drug reactions with a 1.5 to 1.7-fold higher risk
as compared with men.?* More data on drug response in women are needed.
Although the authorities emphasized the importance of including more women
in clinical trials as early as 1986, women are still underrepresented in clinical
research nowadays.>” The policies and guidelines, set up by the National Insti-
tutes of Health (NIH), Food and Drug Administration (FDA), and the European
Medicines Agency (EMA), have unfortunately not resolved this inequality.®*

A clear overview of sex differences in pharmacology is complicated by the
large variety of drugs, indications for use, and pharmacokinetic and pharmaco-
dynamic differences between the sexes. Pharmacokinetics, pharmacodynamics
and the number and amount/dose of drugs used all contribute to the risk of
occurrence of adverse reactions.!

Sex differences in drug use can be explained by differences in incidence of
disease (e.g. rheumatoid diseases) or by drug response itself. The effect of a drug
on the body depends on the combination of pharmacokinetic factors. Women
have a different volume of distribution and clearance than men, which could
result in differences in effective drug concentrations.’*®> A sex difference in
pharmacodynamics, the response of the body to the drug, is for example the
occurrence of drug-induced torsade de pointes, which is much more frequent in
women than in men.'*

ADRs are a major healthcare issue, regularly leading to hospital admission,
morbidity or death.'®?* In a population-based study in Sweden, fatal ADRs were
the seventh cause of death.?” In hospital patients, ADRs were even ranked from
the fourth to sixth cause of death.? Data on ADRs leading to hospital admissions
vary among smaller and larger studies (0.2-41.3%).% Generally, the incidence of
hospital admission caused by ADRs is between 3 and 6% of all hospital admis-
Sions.ls’ 19, 23-25
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In the Netherlands, three major studies focussed on different aspects of
ADR-related hospitalizations in the Dutch population. Van der Hooft et al.?® have
studied ADR-related hospitalizations in the Netherlands in 2001. The proportion
of females with ADR-related hospitalizations varied between the different age
categories, increasing with increasing age from 50.5% in the age group 65-79
years to 66.6% in the highest age group (80 years and older). The proportion of
ADR-related hospitalizations increased with age from 0.8% in patients aged <18
years to 3.2% in patients aged > 80 years. Another population-based study in the
Netherlands showed a prevalence of ADR-related admissions of 5.35% after stan-
dardizing to the Dutch population.?” A third study in 21 Dutch hospitals showed
that important patient-related risk factors for admission with an adverse drug
effect (ADE) due to medication use or medication error, were impaired cognition,
presence of 4 or more diseases, dependent living situation, impaired renal func-
tion and nonadherence to the medical regimen.? The latter two studies did not
focus on sex differences in specific adverse events and drug groups.

While female sex has been identified as a risk factor for ADRs, sex-related
differences in hospital admissions attributed to ADRs have not been studied as
a primary outcome in large populations. We studied the differences between
the sexes in hospital admission attributed to ADRs in a nationwide study over a
6-year period, taking into account the different ADRs, drug groups involved, and
differences in drug prescriptions.

Methods

Data sources

Data on hospital admissions and drug use were obtained from separate sources.
Data on hospital admissions were obtained from a nationwide registry of hospital
discharges (LMR). This registry contains patient characteristics, demographics,
dates of admission and discharge, main diagnoses at discharge (coded), second-
ary diagnoses (coded), medical specialisms (coded) and special codes indicating
drug-related hospitalizations (E-codes), based on the ICD-9-CM coding system.?
Characteristics of all hospital admissions are registered by medical doctors on
the basis of hospital discharge letters and coded by professional code clerks.
For every admission, one discharge/main diagnosis (mandatory), and up to nine
secondary diagnoses (optional) are registered. The coding is independent of
hospital or specialist. All diagnoses are submitted in the same format, mostly
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electronically. All patients with an admission to a Dutch hospital in the period
between 2000 and 2005 were included in the study.

Data on drug use were retrieved from ‘Stichting Farmaceutische Kengetallen’
(SFK), where information on drug prescriptions is collected from 1,805 pharma-
cies in the Netherlands (of the 1,960 pharmacies in total). Data from this database
were selected on ATC-4 level per year within the study period. Per ATC code, the
cumulative number of prescriptions was calculated.

Adverse drug reactions

An ADR-related hospitalization was defined as a hospitalization with an E-code
as secondary diagnosis, indicating an ADR as the reason for hospitalization
(E-code referring to main diagnosis). ADRs occurring during hospital admission
were not included in the analysis. The E-code indicates the drug group involved
in the ADR. E-codes referring to intended overdoses, errors in administration
and therapeutic failure were not included in the analysis. Unique combinations
of main diagnoses and E-codes were selected, resulting in assessment of ADRs
per drug group.

Data analysis

We assessed the number of ADR-related hospital admissions and expressed this
as the proportion of all admissions in the Netherlands between 2000 and 2005.
We calculated relative risks and 95% confidence intervals (95% ClIs) for hospital-
izations due to an ADR with respect to all hospitalizations for women compared
with men. We adjusted for the possible confounding effect of age using logistic
regression analyses. Given the size of the study population, odds ratios (OR) are
a good proxy for relative risks (RR). The analyses were performed for all possible
ADR-drug group combinations separately. To make a more valid comparison, we
only included the ADR-drug group combinations with at least 50 admissions in
the study period in at least one of the sexes. Adverse drug reactions pointing
out the same reaction, but described in different terms, were clustered (e.g. con-
gestion and constipation). Furthermore, ADRs within the drug group annotated
with the terms ‘other drugs’ and ‘unspecified drugs’ were excluded from further
analyses.

Separate calculations were performed for all ADR-drug group combinations
to measure the RRs for ADR-related hospitalizations in relation to the total
number of prescriptions per drug group. For every ADR-drug group combina-
tion the number of hospitalizations per sex was divided by the total number of
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prescriptions within the study period for the involved drug group. Prescription
data were combined with the data on hospitalizations based on drug(s) covered
by the E-code. Codes were combined as specific as possible. Calculations were
performed using SPSS software (version 15.0; SPSS Inc., Chicago, Illinois, USA)
and Microsoft Office Excel 2003.

Results

In the period between 2000 and 2005, 9,287,162 hospital admissions were regis-
tered in the Netherlands; 4,236,368 in men (46%) and 5,050,794 in women (54%).
Of these hospital admissions, 41,260 admissions had an E-code referring to the
main diagnosis, indicating that the admission was attributed to an adverse drug
reaction. For men, ADR-related admissions in this period accounted for 17,561
admissions (0.41% of all admissions in men and 43% of all ADR-related admis-
sions); for women 23,699 admissions occurred (0.47% of all admissions in women
and 57% of all ADR-related admissions). Figure 1 shows the total number of ADR-
related admissions per sex. The total number of prescriptions was nearly two
times higher in women than in men with an increasing number over the years
in both sexes. In women, more than 455 million prescriptions were recorded in
the period of 2000 to 2005 as compared with nearly 286 million prescriptions
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Figure 1. ADR-related hospital admissions in men and women per year.
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in men. With these prescriptions, women were prescribed nearly 20,989 million
defined daily doses (DDDs) and men were prescribed 13,580 million DDDs (see
Table 1 for an overview). Figure 2 shows the difference in hospital admissions
between the sexes during the study period, taking into account the total number
of prescriptions.

Causes of admission varied widely. In total, 4,750 unique combinations of di-
agnosis and ADR-associated drug groups were identified in the database. Eighty
of these combinations led to at least fifty hospital admissions per combination
within the study period in either one of the sexes. Eighteen of the selected com-

Table 1. ADR-related hospital admissions and prescriptions in men and women between 2000 and
2005

Year ADR-related admissions Total Prescriptions Total Defined Daily Doses

Men Women Men Women Men Women
2000 2,624 3,611 43,348,659 70,877,424 1,940,059,960 3,169,985,513
2001 2,653 3,531 45,283,605 73,431,636 2,075,935,477 3,334,278,357
2002 2,867 3,768 46,687,293 75,185,906 2,167,674,617 3,422,053,655
2003 2,964 3,969 48,717,748 77,967,105 2,333,542,622 3,627,575,647
2004 3,275 4,464 50,004,412 78,045,769 2,459,947,493 3,639,307,300
2005 3,178 4,356 51,813,349 79,949,354 2,603,010,013 3,795,615,958
Total 17,561 23,699 285,855,066 455,457,194 13,580,170,182  20,988,816,430
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Figure 2. ADR-related hospital admissions divided by total prescriptions in men and women per
year.
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