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Summary

Objectives Adverse drug reactions (ADR) are an important cause of
morbidity and mortality. We analysed trends in hospital admissions
associated with ADRs in English hospitals between 1999 and 2008.

Design Data from the Hospital Episode Statistics database were examined
for all English hospital admissions (1999–2008) with a primary or secondary
diagnosis of an ADR recorded.

Setting All NHS (public) hospitals in England.

Main outcome measures The number of admissions and in-hospital
mortality rate with a primary (codes including ‘adverse drug reaction’, ‘drug-
induced’, ‘due to drug’, ‘due to medicament’ or ‘drug allergy’) or secondary
diagnosis of ADR (ICD-10 Y40-59) were obtained and analysed. Further
analysis for the year 2008–2009 was performed with regard to age, gender,
proportion aged >65 yrs and total bed-days.

Results Between 1999 and 2008, there were 557,978 ADR-associated
admissions, representing 0.9% of total hospital admissions. Over this period
the annual number of ADRs increased by 76.8% (from 42,453 to 75,076), and
in-hospital mortality rate increased by 10% (from 4.3% to 4.7%). In 2008,
there were 6,830,067 emergency admissions of which 75,076 (1.1%) were
drug-related. Systemic agents were most commonly implicated (19.2%),
followed by analgesics (13.3%) and cardiovascular drugs (12.9%).There has
been a near two-fold increase in nephropathy and cardiovascular
consequences secondary to drugs and a 6.8% fall in mental and behavioural
disorders due to drugs.

Conclusions ADRs have a major impact on public health. Our data suggest
the number of ADR admissions has increased at a greater rate than the increase
in total hospital admissions; some of this may be due to improved diagnostic
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coding. However, in-hospital mortality due to ADR admissions also increased
during the period. Our findings should prompt policymakers to implement further
measures to reduce ADR incidence and their associated in-hospital mortality, and
methods to improve the recording of ADRs.

Introduction

An adverse drug reaction (ADR) is an undesirable
effect of a drug beyond its anticipated therapeutic
effects occurring during clinical use,1 and is one of
the major causes of iatrogenic disease.2 ADRs
cause significant morbidity and mortality and in-
crease the length of hospital stays. The economic
burden of ADRs on the British NHS is also high,
accounting for considerable extra NHS costs.3

ADRs may be on target (where there is a clear dose
relationship) and may be reversible on reducing or
withdrawing the drug,1,4 or off target (where there is
uncertain dose response relationship). Idiosyncratic
ADRs which are largely unpredictable, can depend
on the genetic susceptibility of the individual and are
often more serious (sometimes fatal). The benefit–
harm relationships of ADRs are complex and should
always be taken into account when prescribing.

From the patients’ perspective, ADRs affects
quality of life, confidence in treatment, influence
adherence to medications, and increase costs of
care.1 The manifestation of ADRs may also mimic
a disease process and, therefore, lead to further
investigations and treatments.

Older people or those with multiple long-term
diseases are more susceptible to ADRs.5 As co-
morbidity increases with increasing age, poly-
pharmacy (use of more than four prescription
drugs6) is seen more frequently in older patients.7,8

Moreover, between 14 and 24% of older adults
receive potentially inappropriate medications.9

For example, long-acting benzodiazepines have a
high potential for severe adverse outcomes in
older patients, according to Beers criteria (a list of
inappropriate medications for the elderly).10 Poly-
pharmacy increases the likelihood of drug-drug
interaction and adverse drug reactions.11 ADRs
then in turn prompt the patient to seek further
medical help and multiple primary and secondary
care visits may ensue.12

Despite the clinical impact of adverse drug re-
actions, methods for monitoring them remained
limited. Databases derived from electronic health
records such as the General Practice Research

Database (GPRD) or QResearch are also being
increasingly used to monitor ADRs. Other ap-
proaches include: clinical trials, prescription event
monitoring, spontaneous reporting, and linked ad-
ministrative databases. However, where an ADR is
rare, clinical trials lack power to detect associ-
ations. Prescription event monitoring examines
risk in newly-marketed drugs but has a relatively
short follow-up and difficulty in selecting appro-
priate controls. Spontaneous reporting is done
through pharmacovigilance reporting such as the
MHRA (Medicines and Healthcare Products Regu-
latory Agency) Yellow Card Scheme in the UK,
although under-reporting remains a significant
issue.

Consequently, when a drug is first marketed,
there is often limited information about its safety
in routine clinical use,13 although under the black
triangle scheme new medicines are intensively
monitored by the Commission on Human Medicines
(CHM) and the MHRA. Drug safety assessment
should be considered an integral part of everyday
clinical practice,1 as well as necessity for phase IV
(post-marketing surveillance) trials. Under such
post-marketing surveillance, drugs continue to be
withdrawn from the market due to safety concerns;
for example, the withdrawal of rofecoxib in 200414

due to concerns about cardiovascular safety (MI and
stroke) and, more recently, efalizumab in 2009, a re-
combinant humanized monoclonal antibody used to
treat psoriasis, due to potential risk of progressive
multifocal leukoencephalopathy (PML).

We analysed hospital admissions associated
with ADRs in all NHS (public) English hospitals in
the past 10 years, using the Hospital Episode Sta-
tistics database. We examined the epidemiology of
hospital admissions for ADRs including temporal
trends, in-hospital mortality, the age and gender
distribution of these admissions, and differences in
ADR rates between individual hospitals.

Methods

Hospital Episode Statistics (HES) is an administra-
tive database produced by the Department of
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Health for England.15 It is available for every year
from 1989 onwards and comprises data gathered
locally from each NHS hospital’s Patient Admin-
istration System or Hospital Information System.4

It covers all inpatient and day-case activity deliv-
ered by NHS hospitals in England, and contains
demographic, administrative and clinical infor-
mation. The data-set contains over 300 fields in-
cluding age, gender, admission method, primary
and secondary diagnosis fields, length of stay, and
method of discharge (including in-hospital death).
The basic unit of the data-set is the consultant
episode, covering the continuous period of time
during which a patient was under the care of one
consultant. Episodes of care were linked into ad-
missions and those ending in transfer to another
hospital were linked together to avoid multiple
counting. The 10th International Classification of
Diseases (ICD-10) is used for diagnosis coding.

For each financial year from 1999–2000 to 2008–
2009, we obtained HES records in which there was
an ICD-10 code containing the following key-
words: ‘adverse drug reaction’, ‘drug-induced’,
‘due to drug’, ‘due to medicament’ or ‘drug al-
lergy’. For comprehensiveness, we also searched
for ICD-10 codes relevant to ADRs containing the
word ‘immunization’, since vaccines were consid-
ered as a form of medication. We then divided the
main diagnostic codes into chapters based on ICD-
10, as shown in Appendix 1 online (see http://jrsm.
rsmjournals.com/cgi/content/full/103/6/239/
DC1). We also analysed codes in the range Y40–59,
which are known as ‘external cause’ codes or
‘secondary diagnoses’. In this way, we excluded
accidental or intentional poisoning due to drugs.
We analysed those codes that explicitly stated that
the admission was caused by a certain drug.

HES records contain one main diagnosis code
and 13 (six up to 2000) secondary diagnosis codes.
We flagged all the emergency admissions with
ADR-related ICD-10 codes in either the primary
diagnoses or secondary diagnoses fields. We calcu-
lated the frequency of each three-digit external Y
codes and of related ADRs ICD-10 codes of each
chapter for each financial year. We excluded poss-
ible duplications in coding; an admission coding
both ADR-related primary and secondary diag-
noses is only counted once, as shown in Table 1.
When analysed by individual ICD-10 chapters or
categories in Tables 2–5, these admissions might be
counted twice or more. However, the majority of the

admissions (99.5% for year 2008–2009) only had one
ADR-related ICD-10 code in their diagnosis.

For the latest year, 2008–2009, we examined the
number of admissions by age, gender, proportion
of older people (age >65 yrs), total bed-days and
in-hospital mortality of each category of ADR. We
showed the distribution of hospital-level ADR
rates on a funnel plot. Statistical analysis was
performed with SAS software (version 9.2). For
all analyses, only data for emergency (unplanned)
admissions were used.

Results
Overall hospital admissions for ADRs

Table 1 summarizes the annual number of total
hospital admissions, the number of admissions as-
sociated with ADRs and in-hospital mortality
rates. In our 10-year study period, there were
59,718,694 total emergency hospital admissions
and 557,978 admissions with a diagnostic code in-
dicative of ADRs (0.9%). Of these, 188,024 were
primary diagnoses and 444,780 were of ‘external
cause’. There were 26,399 in-hospital deaths in
ADR admissions, a case-fatality rate of 4.7%.

Ten-year trends in hospital admissions for
ADRs

Between 1999 and 2008, the total number of hospi-
tal admissions increased by 28.3%, but the total
number of admissions due to ADRs increased by
76.8%. The majority of the latter was due to an
increase in external cause codes. The in-hospital
mortality rate of ADR admissions increased by
10%, from 4.3% to 4.7%, although this stabilized
from 2004 onwards (Table 1).

Tables 2 and 3 describe the burden of ADRs
according to ICD-10 code. The number of ADRs
with a primary diagnosis increased by 36.8%
during this study. Nephropathy due to drugs
(from 109 to 303 admissions), cardiovascular con-
sequences (from 1238 to 3399 admissions) and
drug-induced lung disorders (from 64 to 157
admissions) were the three fastest growing ADRs
as a primary diagnosis (Table 2). Mental and be-
havioural disorders due to drugs decreased 6.8%
during the 10-year period, although the category
bore the highest admission burden (57,096 diag-
noses in the study period). Drug-induced anaemia
(−21.8%) and complications following injection,
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immunization or anaesthesia (−7.0%) declined
during the years 2004–2008.

The number of ADRs recorded in any second-
ary diagnosis field increased 105.8% during the
study period (Table 3).The three fastest growing
ADRs as external causes were drugs related to:
gastrointestinal system (from 302 to 854 admis-
sions); water-balance (from 2081 to 5789 admis-
sions); and systemic agents (from 5146 to 12,667
admissions). In contrast, the only reported rate
which showed a decrease was under the category
of bacterial vaccines (from 297 to 153 admissions).

General description for year 2008–2009

In 2008–2009, the total number of emergency
admissions in England was 6,830,067, of which
75,076 (1.1%) were drug-related (Table 1). The
total admission rate in England was 13,726 per
100,000 person-years and the ADR admission
rate in England was 146 per 100,000 person-years
(data not shown). Mental and behavioural dis-
orders due to drugs (24.5%), cardiovascular con-
sequences (15.1%) and complications following
injection, immunization or anaesthesia (14.8%)
were the most frequent manifestations of ADRs
(Table 4). Systemic agents were the most impli-
cated class (Y43, 19.2%), followed by analgesics,
antipyretics and anti-inflammatory drugs (Y45,
13.3%) and cardiovascular drugs (Y52, 12.9%)
(Table 5). Systemic agents (Y43) were primarily
antineoplastic or immunosuppressive drugs.

The admission burden was highest for mental
and behavioural disorders due to drugs (94,579
total bed-days), but in-hospital mortality rate was
highest for lung disorders due to drugs (17.2%)
(Table 4). The highest admission burden was
associated with systemic agents (Y43, 112,667 total
bed-days), but the in-hospital mortality rate was
highest among ADR due to agents affecting blood
constituents (Y44, 9.4%).

Age distribution for year 2008–2009

Most hospital admissions associated with adverse
drug reactions occurred in older patients. In 2008–
2009, 58.5% of hospital admissions in which there
was an external ICD-10 code for ADR occurred in
people aged 65 years and over. The median age of
ADRs with an external code was 70 (Table 5). ADRs
due to bacterial vaccines (Y58) usually occurred in
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infants (median age <1), and younger patients
tended to have ADRs from anaesthetics and thera-
peutic gases (Y48, median age 44) or CNS stimu-
lants (Y50, median age 49). Older patients (>65 yrs)
tended to have ADRs due to water-balance drugs
(Y54, median age 80), drugs affecting the auto-
nomic nervous system (Y51, median age 78) or the
cardiovascular system (Y52, median age 78).
Agents primarily affecting water-balance and min-
eral and uric acid metabolism (Y54) included
mineralocorticoids, diuretics, agents affecting cal-
cification or uric acid metabolism, and mineral
salts.

Younger people tended to manifest ADRs as
mental and behavioural disorders (median age 33)
or toxic liver disease (median age 43). By contrast,
those aged >65 yrs tended to have a clinical picture
of cardiovascular consequences (median age 78),
lung disorders (median age 73) or metabolic dis-
orders (median age 72) (Table 4).

Gender distribution for year 2008–2009

There was little gender difference in admissions
with a primary code of ADR (51.4% men) (Table 4).
However, female patients predominate in admis-
sions with an external cause code of ADR (42.9%
men) (Table 5). Men were more likely to suffer from
mental and behavioural disorders (68.9% men)
and women were more likely to suffer from com-
plications following injection, immunization or
anaesthesia (40.9% men) (Table 4). Women appear
more likely to be affected by ADRs due to systemic
anti-infectives and antiparasitics (Y41, 30.6% men),
agents primarily acting on smooth and skeletal
muscle and respiratory system (Y55, 34.6% men) or
water-balance agents (Y54, 35.6% men) (Table 5).

Socioeconomic status and ADR

We analysed ADR rate per 1000 admissions by
population-weighted quintiles based on the Car-
stairs deprivation index allocated via the postcode
to a small geographical area (‘output area’). How-
ever, there was no simple socioeconomic gradient
in ADR rates per 1000 admissions, which were
9.9, 10.7, 10.4, 9.9 and 9.1 from quintile 1 (least
deprived) through quintile 5 (most deprived).

Individual performance of NHS acute
hospital trusts

We analysed the relationship between total emer-
gency admissions and the percentage of ADR-
related admissions for NHS acute hospital trusts,
as shown in Figure 1. There were two trusts with
unusually high rates: one with the proportion of
12% (3393 admissions) and the other with 34%
(1134 admissions). Both of them were not included
in the funnel plot. However, there was still wide
variation in ADR-related admission percentages
between individual NHS trusts, with many rates
lying outside the control limits despite excluding
these two trusts.

Discussion

Characteristics of this study

This study on hospital admissions for adverse
drug reactions is unique in several aspects. The
strengths of this study included its comprehen-
siveness in covering all NHS hospital admissions
in England and its time trends.

Building on previous work using HES,4,16 we
have tried to be systematic in capturing all ADR-
related ICD-10 codes. We had access to mortality
data associated with hospital admissions, which
gave us a further insight into the severity of ADR-
related admissions and we accessed patient-level
rather than aggregate data. A prior study con-
ducted by Pirmohamed and colleagues analysed
admissions due to ADRs in two North-West
English hospitals.3 However, their sample size
(18,820 admissions) was substantially less than
in this nationwide survey.

Limitations of this study

The main limitation of our study is that Hospital
Episode Statistics data have the weaknesses associ-
ated with all routinely collected data; namely miss-
ing, incomplete or inaccurate data. Differences in
coding practice between hospitals or populations
covered make comparisons at hospital level diffi-
cult and will be one key explanation of the vari-
ation seen in Figure 1. We were also unable to rule
out changes in coding as a result of behavioural or
policy change as an explanation for our findings. If
such variation occurs between hospitals, it is also
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likely within hospitals over time, which is a poss-
ible explanation for some of the trends observed.
Nevertheless, HES represents one of several im-
portant resources for monitoring ADRs because of
its size, national coverage and relatively standard-
ized recording regulations.

We do not have data on the pre-hospital utiliza-
tion of drugs (or over-the-counter drug usage), nor
do we have details on the number of drugs pre-
scribed or taken by patients before admission.
There is no indication on the HES record whether
the recorded ADRs were present on admission, or
occurred during a patient’s stay in hospital. If
given as a primary diagnosis, in the first episode of
care, then it is perhaps more likely that the ADR
occurred prior to admission, and if given as a sec-
ondary diagnosis, then perhaps more likely to
have occurred in hospital. However, this inter-
pretation is limited, as there will be some consider-
able blurring between these two scenarios.

We do not have data from general practice or
outpatient visits, and we are unable to link ADRs
to consultations.12 Minor ADRs which might affect
the patient’s quality of life but not to the extent of
hospital admission were not covered by our study.
We were also unable to obtain data regarding risk
benefit calculations of ADRs. Hence, given the
limitations of our data, we must interpret the re-
sults with caution.

Overall trends

Our study showed that the number of admissions
due to ADRs has increased significantly over the
time period examined. The reported increase of
ADR admissions by 76.8% may be due to im-
proved record keeping and increased public
awareness. Population ageing also added to this
trend,17 since ADRs are most frequently encoun-
tered in older people with multiple long-term
conditions.

In this study, we included immunization as
part of our analysis. Complications following in-
jection, immunization or anaesthesia accounted
for 31,601 admissions in the study decade, 26,717
bed days in year 2008–2009, and an in-hospital
mortality rate of 2.9%. Most of the admissions
occurred in infants.

The majority of the increase in ADR admissions
was due to increases in admissions with an ADR-
related external code (105.8% change in the study
period). These are most likely to have developed
as a result of treatments in hospital, in contrast
to admissions with a primary diagnosis of ADR,
which may be due to drugs prescribed in the com-
munity or from a previous hospital admission.

Comparison with other studies

Pirmohamed et al. estimated that in England,
ADRs were responsible for 6.5% of all emergency
hospital admissions in adults and at least 5000
deaths per year.3 However, this study excluded
some categories of patients. Howard et al. sug-
gested that the percentage of preventable drug-
related admissions to hospitals was 3.7%.18,19 In
our study, ADR admissions accounted for only
0.8–1.1% of all annual admissions for 1999–2008,
and the in-hospital mortality for ADR admissions
for 2008–2009 was 3534, which was substantially
less than suggested in previous literature. There
are two possible explanations for this inconsist-
ency. First, this may suggest a suboptimal record-
ing of ADRs in the HES database because of
under-recognition and under-reporting of ADRs in
routine hospital activity data.16 Conversely, our
study is based on a comprehensive nationwide
data-set, which might also be more close to the
reality than previous extrapolations from smaller
scale studies.

Contradictory to some prior expectations,4 the in-
troduction of the Quality and Outcome Framework

Figure 1

Funnel plot of the relationship between the total emergency

admissions and the cases of ADRs as percentage of total

emergency admissions for NHS acute hospital trusts
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(QOF) on 1 April 2004 in England did not seem to
aggravate the burden of ADRs. Instead, the in-
hospital mortality in ADR admissions stabilized at
4.7% from 2004 onwards. Drug-induced anaemia
and complications following injection, immuniz-
ation or anaesthesia increased for the years 1999–
2004, culminated in year 2004–2005, and then
decreased thereafter.

There is an association between increasing age
and ADR risk,20 and elderly people are more suscep-
tible to ADRs. Previous studies suggested that
diuretics and antiplatelets are often used in elderly
patients and accounted for 5.3% and 4.0%, respect-
ively, of all primary care prescriptions in England.18

This study also showed similar findings, in which
agents primarily affecting water-balance (Y54) and
cardiovascular system (Y52) are the most implicated
categories in ADRs in older people.

Pirmohamed et al. reported that 59% of the
patients admitted with an ADR were female.3 Our
study also showed that 57% of hospital admissions
with a secondary code of ADR are female. The
pharmacokinetics and pharmacodynamics of drug
metabolism differ between the two sexes and are
influenced by gender-specific factors such as body
build, hormonal transitions, or medical-seeking
behaviour.21 We cannot tell from this study if these
differences are due to true discrepancies in ADR
occurrence rates or are consequences of gender
differences in prescription, consultation and usage
patterns.

As to the drug types most implicated in ADR,
our study showed that systemic agents are respon-
sible for one-fifth of total ADR admissions in year
2008–2009, followed by analgesics and cardiovascu-
lar drugs. Systemic agents are also the third fastest
growing agent in ADR-related admissions during
the study period. These findings are similar to pre-
vious works by Waller et al.,16 but other studies also
showed that low-dose aspirin, diuretics, warfarin,
and non-steroidal anti-inflammatory drugs were
the most commonly implicated drugs in ADR.3,8,18

Our results differed from this, and this can be ex-
plained by the different classification system of the
drugs we used. We examined ICD-10 external cause
codes to infer to the drug class, instead of individual
generic name drugs. Broad groupings of drugs are
used in this study, as exemplified by the systemic
agent category, which includes antineoplastic
drugs, immunosuppressive agents, enzymes, anti-
allergic and anti-emetic drugs.

Conclusions

The advent of modern medicine has brought hope
to many people with previously untreatable diseases,
such as the use of penicillin to treat syphilis, or com-
bination therapy to treat HIV infection. Nevertheless,
ADRs are unwanted events following drug prescrip-
tion and should be considered as part of a risk-benefit
approach when prescribing medicines, particularly in
vulnerable groups. Although ADRs continue to be a
major public health problem resulting in a consider-
able use of NHS hospital resources and a significant
number of deaths, their impact is often overlooked.
Hospital admissions showed an apparent rise in rela-
tion to ADRs; however, this may be a consequence of
improved recording.

There are several initiatives exploring suscepti-
bility to ADRs through international collabora-
tions (such as FP7-funded EU-ADR, The Serious
Adverse Event Consortium, among others). Spon-
taneous reporting is important in identifying pre-
viously undetected ADRs, mostly type-B reactions,
to allow appropriate drug regulatory action to be
taken but frequently is unable to detect rare events
until after years of patient use, with less than 10%
reported.2 It is also a passive reporting policy and
would benefit from being linked to other data-
bases. More active drug surveillance schemes
might be a potential strategy to address the high
mortality associated with ADR admissions (4.7%
in this study).

Other current strategies to improve drug safety
include stringent safety testing; nationwide imple-
mentation of updated prescribing software to reduce
prescribing errors;22,23 medicines reconciliation on
admission and discharge from hospital to minimize
polypharmacy;24 financial incentives for clinicians to
report ADRs to address under-recording; and fund-
ing for research to decipher the complex multifacto-
rial pathogenesis of idiosyncratic ADRs.25

Because of the wide range of medications avail-
able, ADRs vary in manifestations and organ
system. Heightened awareness of pharmaco-
vigilance by clinicians in diagnosing ADRs is crucial
for continued drug safety monitoring. Over 70%
of adverse drug reactions were possibly avoidable3

and preventable through simple improvements in
prescribing, e.g. increased awareness of warning
prompts of possible drug interactions and high-risk
patient groups, prescribing a drug at the lowest dose
necessary to achieve the therapeutic target.

Ten-year trends in hospital admissions for adverse drug reactions in England 1999–2009
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Developed countries worldwide tend to have
progressively older populations. In the UK, the
number of people age 65 years and over is esti-
mated to increase by 53% between 2001 and 2031.17

This increase will result in a rise in the number of
people at higher risk of suffering from ADRs,
which are more likely to be severe in this group.26

In our study, we also noticed that most ADR in-
creases occur in those over the age of 65.

In this study, systemic agents were the most
implicated and the third fastest growing agent in
ADR-related admissions. This is also correlated
with the rapid ageing of the English population,
since systemic anti-cancer therapy (SACT) is tar-
geted at malignancies whose risk increases with
age. According to NCEPOD report 2008,27 43% of
cancer cases suffered from clinically significant
treatment-related toxicities.

Our data suggest that the number of ADR ad-
missions may have increased at a greater rate than
the increase in total hospital admissions, but it is
unclear whether this could also be due to increased
recording. Also, the percentage of ADR-related ad-
missions varied considerably between individual
NHS trusts. This study should prompt policy-
makers toward implementing further measures to
reduce ADR incidence and their associated in-
hospital mortality; and to make greater use of rou-
tinely collect NHS data, such as Hospital Episode
Statistics, to monitor the epidemiology of ADRs
and identify potentially avoidable aetiological fac-
tors, and to improve the completeness, accuracy
and standardization of coding across hospitals.
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