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Risk Rates of Individual Drugs

The risk rate of individual drugs for producing adverse
reactions can be assessed in two ways. The proportion of all
patients who receive a given drug and who get reactions can
be calculated, or the total amount or the number of doses of
a drug administered or dispensed per adverse reaction can be
estimated. The grouping together of heterogeneous and very
different reactions to individual drugs makes comparisons
between drugs of doubtful validity. A drug which has a high-
risk rate of minor reactions may be preferable to a drug with
a low incidence of more serious reactions.

Others have noted the frequency of adverse reactions to
digitalis (MacDonald and MacKay, 1964; Ogilvie and Ruedy,
1967). Seidl et al. (1965) reported that 11 8% of patients given
digitalis had reactions. In this survey 1988% of patients had
reactions and the risk rate was greater if patients were also given
diuretics, a finding in accord with the known pharmacology
of these drugs.

Reaction rates for patients who received ampicillin of 388%
(Co-operative Controlled Trial, 1966), 10 4% (Kennedy,
Wallace, and Murdoch, 1963), and 22%' (Sleet, Sangster, and
Murdoch, 1964) have been reported. The last-mentioned
workers thought the high incidence was related to the high
dose, 6 g./day, which they used. In the present study, where
the reaction rate was 7 8%, the mean dose of ampicillin was
2 2 g./day. In a larger survey the relationship of the dosage
of drugs to the incidence of adverse reactions might become
accessible to investigation.
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Summary: Predisposing factors were sought in 118
patients who developed adverse drug reactions in

hospital. Significantly more patients of 60 years and
over, and more women than men, developed adverse drug
reactions. Patients with reactions had more drugs before
the development of the reaction than patients who did not
develop reactions. A previous adverse drug reaction and a
history of allergic disease were significant factors, while
a history of jaundice or the presence of diabetes mellitus
and renal disease was not.

Introduction

In a prospective study of adverse reactions to drugs in hospital
patients it was found that 102% of 1,160 patients who were
given drugs had adverse reactions (Hurwitz and Wade, 1969).
During the survey information was obtained on factors which
may have predisposed the patients to the development of these
reactions.

Methods

Only the first admission of each patient was considered in
the analysis, so that there was no duplication of patients. Of
1,160 patients who were given drugs, 118 developed adverse
reactions.
The results were analysed with the use of a standardization

technique for four variants-age, sex, length of stay in hospital,
and number of drugs received. This analysis was based on
comparisons of the observed distribution of patients with and
without adverse reactions with those expected. It is postulated
that the distribution of patients with and without adverse drug
reactions is the same in groups defined by age, sex, length of
stay in hospital, or number of drugs, when the other variants
are held constant.
The method of standardization described by Elwood,

Pemberton, Merrett, Carey, and McAulay (1965) of the expected
distributions has been used in the present study. This stan-
dardization technique was also applied for age and sex to assess
the separate influences of a history of previous drug reactions,
allergic disease, or jaundice and the presence of diabetes mellitus
and renal disease on the distribution of patients with adverse* Research Assistant, Depart'mcnt of Therapeu:ics and Pharmacology, the

Queen's University of Belfast.
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reactions. There were too few patients with adverse reactions
in each category to allow for standardization for length of stay
in hospital and number of drugs given, the subgroups being
too small for efficient comparisons.
The patients with adverse reactions were also grouped accord-

ing to the number of drugs they had had up to and including
the day on which the reaction occurred. Expected values were
calculated from patients distributed similarly by number of
drugs received and length of stay in hospital who did not get
adverse reactions. Observed and expected values for patients
receiving each number of drugs were summed and X2 calculated.
The probabilities of total x2 are quoted for a degree of freedom
of 10.
Rank Correlation Technique.-The rank correlation

coefficient T (tau) was calculated by the method described by
Kendall (1948) to determine dependence between the rankings
of increasing age and drug reaction rates.

Tests of Significance.-The significance of the discrepancies
between an observed and an expected distribution which has
been standardized by the technique here used cannot be easily
assessed. A measure of the total discrepancy can be obtained
by the calculation of an index similar to X- that is, the sum
of the ratios of the squared deviations to the expectations-
but the distribution of this index is not known and it does not
appear to be identical with that of x9. However, the differences
between it and x' are assumed to be small and the probabilities
quoted for it are those of x2 (Elwood et al., 1965).
The terms "significant " and " significant difference" are

used to describe a difference, the size of which is likely to be
reached or exceeded by chance alone, less than 1 in 20 such
comparisons (P<0 05).

Results

Influence of Various Factors

Age and Drug Reactions.-The median age of patients who
developed reactions was 63 years (men 60, women 69-5 years).
Table I shows the incidence of reactions in patients under 60
and in those of 60 years and over. Patients who developed
reactions were significantly older (0 01>P>0 001). The reac-
tion rate per 10-year age group of the population studied is
given in Table II. The rank correlation coefficient = + 0-86,
and P=0-00087 indicated significant dependence between the
rankings of increasing age and reaction rates. Many elderly
patients in the survey received digitalis preparations and the
relationship between age and reactions to drugs might have been
a manifestation of this. For this reason those who were given
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digitalis were excluded and the rank correlation coefficient
- + 0 79, P=0-0028 still indicated significant dependence

between the rankings.
Sex and Drug Reactions.-Table III shows the incidence of

reactions in men and women who were given drugs in hospital.
Women were found to have significantly more reactions
(OOl>P>0001).

Males . .
Females . .

Total

TABLE III.-Sex and Drug Reactions

No. of Patients
Sex Given With

Drugs Reactions

682 50
.. . .. 478 68

.. . . .. .. 1,160 118

Rate
(%)

7-3
14 2

10-2

0-01 > P > 0-001.

Duration of Stay in Hospital of Patients Who Developed
Rcactions.-The median length of stay in hospital of patients
who developed reactions was 21 days. The median duration
of hospital stay for all patients in the study was 15 days.
Table IV shows the distribution of those patients who did and
did not develop reactions to drugs, according to the total dura-
tion of stay. The duration of stay of those with reactions was
not significantly longer than that of patients who did not
develop reactions (0 l0>P>005).

TABLE IV.-Length of Stay in Hospital and Reactions

No. of 1-21 Days 22+ Days
Patients

Given Drugs No. 0 No. 0O
No reactions. . 1,042 742 71-2 300 28 8
Reactions .. 118 55 46-6 63 53-4

0-10 P> 005.

Number of. Drugs and Reactions.-The median of the total
number of drugs given to patients who developed reactions was
nine. The median number of drugs given to all patients who
had drug therapy was four. Table V shows the distribution
of those who developed reactions and those who did not,
according to the total number of drugs given. Patients with
reactions had significantly more drugs during their hospital stay
than those who did not develop drug reactions (P<0 001).
When the length of stay was held constant patients with
reactions also had more drugs up to the time of the reaction
than would be expected in patients who did not have reactions
(P<0001).

TABLE V.-Total Number of Drugs Given to Patients with Reactions

TABLE I.-Age and Drug Reactions

No. of Given
Drugs

667
493

No. with
Reactions

42
76

Rate
(0,')

6-3
15-4

No. of 1
Patients

Given Drugs No.

No reactions. . 1,042 654
Reactions .. 118 22

1-5 Drugs 6 + Drugs
0O No. o

628 388 37-2
18-6 96 81-4

I _

p<0-001.

TABLE II.-Age and Drug Reactions

Age of Patients No. of
(years) Given Drugs

10-19 64
20-29 100
30-39 122

No. with
Reactions

2
3
7

Rate (0) exclud-
ing Digitalis
Reactions

3-1
3 0
5-2

Rate
(%)

3-1
3-0!
15-7

40-49 159; 12 7-5 7-8
50 59 222 18 8 1 6-2
60-69 252 27 10-7 10-9
70-79 178 38 21-3 17-0
80-89 59 11 18-6 12-1
93-99 4 0 0 0

Total 1,160 118 10-2 8-2

T = + 0-86. P= 0-00087 T = + 079
P = 00028

C

Influence of Past History and Present Disease

Table VI shows that a significantly higher percentage of
patients with reactions had a history of a previous reaction than
of those who did not develop reactions.
The previous reactions of the 27 patients were of various

types: 17 were hypersensitivity and mainly due to penicillin,
5 were toxic, 3 were side-effects, 1 was idiosyncratic, and 1 was

a conditioned intolerance type of reaction. Six patients had
a reaction in hospital to the same drug that had previously
caused a reaction. Four who had previous hypersensitivity
reactions developed hypersensitivity reactions in hospital, in one

due to the same drug and in two to chemically related drugs.

1 March 1969 Adverse Reactions to Drugs-Hurwitz

Age of Patients
(years)

<60
60 +

0-01 > P > 0-001.
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A history of allergic disease was found to be significant, but
there was no significant difference for the effect of jaundice on

the incidence of reactions (Table VI).

TABLE VI.-Adverse Reactions and a Hzstory of Previous Reactions,
Allergic Disease, and Jaundice

Previous Allergic
Reactions Disease Jaundice

1,042 patients with no drug
reactions ..

118 patients with drug reactions

P

70 (6 7°%) 48 (4-6',) 46 (4 4'4o)
27 (22 900) 19 (16 1°,) 4 (3 4%O)

<0 001 <0 001 0 70>P>0 50

Two diseases, diabetes mellitus and renal disease, were

examined, as they were not common primary causes of admis-
sion in this study but their presence would easily be detected
and always be noted. Six patients who developed reactions had
diabetes (5 1 o) compared with 49 (477%) of those who did not

have adverse drug reactions. None of the patients with diabetes
who developed reactions had an adverse reaction to drugs used
for treating diabetes mellitus. Renal disease was considered to

be present when there was renal parenchymal change or when
uraemia was found. Cystitis and urethritis were excluded.
Five (4-2%) patients with reactions had renal disease compared
with 24 (2-3%) of those without reactions. There was no

significant difference for the effect of diabetes (0O10>P>0 05)
and renal disease (0-90>P>0 80) on the incidence of reactions.

Discussion

By definition, a reaction is any unintended adverse response

to medication. This does not imply that the factors involved
in causing the adverse reactions would be the same in each
patient or for each drug. The diversity of adverse drug reac-

tions should lead to caution in comparing groups of patients
with and without reactions. Optimally, comparisons of reac-

tion incidence would be between patients of similar age and
illness treated with one drug and having a particular adverse
response such as hypersensitivity, etc. The numbers in the
present survey are too small to do this, and had the period of
this survey been extended to obtain sufficient numbers, both
drug usage and disease patterns might well have changed. All
drug reactions and all patients have been combined in com-

paring various predisposing factors. It is assumed that, despite
this parcelling, factors found significant in reactors compared
with non-reactors would have some validity in indicating a

trend.

Effect of Various Factors

In this survey there were significantly more adverse reactions
in patients of 60 years of age and over, and women had signi-
ficantly more adverse reactions than men. Seidl, Thornton,
Smith, and Cluff (1966) found that patients over the age of
50 years developed adverse drug reactions more commonly than
younger patients and also noted reactions more commonly in
women than in men. Ogilvie and Ruedy (1967) did not find
an age or sex predisposition. Cluff, Thornton, and Seidl (1964)
suggested that an increase in the number of drugs a patient
received increased the probability of acquiring an adverse reac-

tion. In the Belfast study patients who developed reactions
had a significantly greater number of drugs up to the time of
the development of the reaction than the calculated expectation
of the number of drugs taken by patients who did not develop
reactions.

In the present study a significantly higher incidence of a

history of previous reactions was found in patients who
developed reactions. It may be thought that the presence of
a reaction to a drug may stimulate recall of a previous drug
reaction, but in nearly all patients the history of drug reactions
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was taken before any new reaction to a drug had occurred. In
only two instances did the drug reaction cause previously
negative information to be retracted in favour of a newly
remembered previous event.

In the hypersensitivity type of reactions a previous adverse
reaction due to the same drug could be established in only one

patient, but two patients had previously had an adverse reaction
to a chemically similar substance. Such cross-sensitivity is
known to occur in antigen antibody type of reactions. In the
patients with other types of reactions the drug which caused
the adverse reaction in hospital was more often unrelated to

the drug which had previously caused a reaction.
Seidl et at. (1966) found that patients admitted to hospital

with an adverse drug reaction acquired another reaction to a

different drug in the hospital more than twice as often as patients
admitted for other reasons. They suggested that a previous
drug reaction might predispose to further drug reactions, and
Smith, Seidl, and Cluff (1966), in a further study, found
that this was so. In the Belfast survey the influence of
a previous drug reaction has been established. A previous drug
reaction, whether or not it was the cause of the current admis-
sion to hospital, has been found to be significantly related to
the development of further adverse reactions. The liability to
adverse drug reactions may be partly related to the total previous
drug experience in life.

Effect of Previous Illness and Present Disease

Although patients with reactions had a significantly higher
incidence of allergic disease they did not have a higher inci-
dence of diabetes mellitus, renal disease, and jaundice.
One would have expected that drugs normally detoxicated

or excreted in liver and kidneys would have resulted in more

adverse reactions in patients with diseases of these organs. That
this was not so may have been because the patients with recog-
nizable liver and renal disease were treated with particular care.

Stay in Hospital and Number of Drugs Given

Patients with adverse reactions were not found to stay in
hospital significantly longer than those without reactions.
Schimmel (1964), Seidl et al. (1966), and Ogilvie and Ruedy
(1967) found that the average length of stay in hospital of
patients with reactions was prolonged.

In agreement with the findings of Ogilvie and Ruedy (1967),
Seidl et al. (1966), and Hoddinott, Gowdey, Coulter, and
Parker (1967) it was found that patients with reactions had
a greater total number of drugs. This may be partly explained
by another drug being required because of or after the reaction.
Thus an antihistamine drug was usually given for a rash and
sometimes an antibiotic was changed or new treatment in'sti-
tuted.

Measures for Preventing Drug Reactions

This study has shown that certain patients are more liable to

develop adverse drug reactions than others. A history of allergic
disease and of previous reactions to drugs should be a warning
to the physician of the need for special care in the choice of

drugs for a patient (Norman and Cluff, 1966).
In the opinion of Modell (1964) today's physician should

recognize that every use of a drug in a patient is an individual

experiment. Perhaps the most important preventive measure

is constant awareness of the possibility of drug reactions.

Adverse drug reactions have been called "diseases due to
medical progress" (Moser, 1964 ; Dunlop, 1965). However,
it would be a mistake to hamper medical progress in thera-

peutics by too great a restrictiveness. In this respect the
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comment of Withering (1785) about digitalis is applicable to
drugs used at the present time: "The use of the Foxglove is
getting abroad and it is better the world should derive some
instruction, however imperfect, from my experience, than that
the lives of men should be hazarded by its unguarded exhibition,
or that a medicine of so much efficacy should be condemned
and rejected as dangerous and unmanageable."
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Admissions to Hospital due to Drugs

NATALIE HURWITZ,* M.B., CH.B., PH.D.
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Summary: In a survey of adverse drug reactions in
wards of two Belfast hospitals for 52 weeks in 1965-6,

2.9% of 1,268 patients seen were admitted to hospital
because of adverse reactions to drugs taken for thera-
peutic reasons and 241% were admitted because of self-
poisoning. Patients admitted because of adverse drug
reactions were older than those admitted because of self-
poisoning and stayed in hospital longer. Among the
drugs which caused the adverse reactions were digitalis
preparations, antibiotics, corticosteroids, anticoagulants,
analgesics, and tranquilizers. Hypersensitivity and side-
effect types of reactions were the most common.
Barbiturates were the most frequently used drugs in
suicidal attempts.

Introduction

A survey of adverse reactions to drugs among 1,268 patients
admitted to hospital was carried out in 1965 and 1966. The
methods used and the definition of adverse reactions to drugs
have been described (Hurwitz and Wade, 1969). In this paper
64 patients, of whom 37 were admitted because of adverse
reactions to drug therapy and 27 because of self-poisoning with
drugs, are described.

Results

Age and Sex of Patients and Duration of Stay in, Hospital.-
The age distribution of the patients is shown in the Chart.
Patients admitted because of adverse reactions to drugs had a
median age of 60 years. Those admitted because of self-
poisoning had a median age of 27 years. Of those admitted
for adverse reactions 20 were men and 17 women, and 10 men
and 17 women were admitted- because of self-poisoning. The
duration of stay in hospital is shown in. Table I.

Patients Admitted Because of Adverse Reactions

Thirty-seven of the 1,268 patients in the survey (2-9 OX') were
admitted because of adverse reactions to drugs which were
thought to be the entire reason for the admission of 25 and
an important factor in the admission of 12. Most of the
reactions were of the hypersensitivity or side-effect type; 11
were of life-threatening severity and the rest were moderate.
Three reactions were classified as documented, three as possible,
and the remainder as probable.

TABLE I.-Duration of Stay in Hospital

No. of Patients
Days

Adverse Drug Reactions Self-poisoning

1-7 9 12
8-14 8 6
15-21 4 3
22-28 7 1
29-56 6 3
57+ 3 2

Total 37 27

Median duration 18 days 9 days

Overdosage.-Six patients were admitted to hospital because
of the effects of taking a dose of a drug in excess of that which
had been prescribed by the physician. One man aged 57
inadvertently took the larger dose of warfarin (5-mg. tablet)
because he was " out of " the 3-mg. tablet. After a few days
he noticed bruising of the hands and face followed by epistaxis,
haematemesis, melaena, and haematuria. Three patients took
more than their prescribed dose of digitalis preparations and
had cardiac arrhythmias. A woman who had bronchial asthma
was admitted to hospital because of palpitations after she had
used an isoprenaline spray repeatedly for several hours. A man
aged 29 years had, over a period of three years, taken 50%
more than his prescribed dose of methylprednisolone to obtain
relief from bronchial asthma. He had gained 44 stone (33 kg.)
because of fluid retention and had striae on the abdomen, legs,
and arms. He had become aggressive, which was a change
from his previous personality.

* Reseqrch Assistant, Department of-Therapeutics and. Pharmacology, the
Queen's University of Belfast.
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