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Abstract
Objective-To estimate the effects of medical

audit, particularly setting clinical standards, on
general practitioners' clinical behaviour.
Design-Before and after study strengthened by a

replicated Latin square.
Setting-62 training general practices in the north

of England.
Subjects-92 general practitioner trainers,

84 (91%) of whom completed the study; random
sample of 3500 children consulting one of these
trainers for any of five conditions-acute cough,
acute vomiting, bedwetting, itchy rash, and recur-
rent wheezy chest-stratified by doctor consulted,
condition, and age.

Interventions-Clinical standard set by each of 10
small groups of general practitioner trainers for one
randomly selected childhood condition. Each group
also experienced a different type of medical audit,
randomly selected, for each of the four other study
conditions (receiving a clinical standard set by
another trainer group, tabulated data comparing
clinical performance with that of all other groups,
tabulated data from only their own group, and
nothing ("control" condition)).
Main measures-Content of initial consultation

divided into: history, examination, investigation,
diagnosis, and management (abstracted from
medical records and "enhancement forms" com-
pleted by doctors).
Results-There was increased prescribing of

bronchodilators for acute cough, oral rehydration
fluids for acute vomiting, antibiotics for itchy rash,
and bronchodilators and oral steroids for recurrent
wheezy chest and reduced prescribing of antibiotics
for acute cough and recurrent wheezy chest and
tricyclic antidepressants for bedwetting. Fewer
children were "discharged." Each change was con-
sistent with the standard and either limited to
doctors who set a standard for that condition or
significantly greater for them than all other doctors.
Conclusion-Setting clinical standards improved

prescribing and follow up.

Introduction
The government has proposed that "every doctor

should participate in regular systematic medical
audit."' From 1984 to 1990 we undertook an extensive
audit of the care ofchildren in general practice. We also
tested how effective the audit was in changing doctors'
clinical behaviour and patients' health.

In the north of England vocational training for
general practice began in 1969.2 Many activities in
small groups34 convinced general practitioner trainers
of the value of medical audit. Meanwhile, local paedia-
tricians were considering ways of improving paediatric
care in general practice after the Court report.' As a

result of their keenness to explore the value of medical
audit in the care of children trainers, paediatricians,
and researchers combined to design and plan the north
of England study of standards and performance in
general practice.6

Expressed in 1992 terms, the study aimed at
developing and evaluating methods of medical audit in
general practice, notably the setting and dissemination
of clinical standards. Reviews79 of rigorous evaluations
of standards'0I23 suggest that their effectiveness varies
considerably.9 However, few studies have evaluated
medical audit in British general practice2327; two that
investigated standards drawn up by general practi-
tioners were limited to prescribing and lacked a
rigorous research design.2627 Thus our study was the
first comprehensive evaluation of standard setting in
British general practice.

Subjects and methods
SETTING CLINICAL STANDARDS AND OTHER METHODS OF
MEDICAL AUDIT

We invited all general practitioner trainers in the
north of England who were neither singlehanded nor
close to retirement to take part in the study.26 Of 107
eligible trainers, 92 (86%) agreed to do so and 84 (79%)
completed the study. Those who agreed formed 10
groups, each comprising about nine trainers practising
within the same locality.
Each group set "clinical standards" for two of

10 childhood conditions, all chosen by the study
organisers.2" Groups were asked to define good primary
care for children with the specified condition. They
were encouraged to use algorithms (for example 29) or
any other format in which the recommended course
of action depended critically on the information avail-
able. The first standards drawn up by these groups
were for five "training" conditions: acute diarrhoea,
acute earache, chronic handicap, fits and convulsions,
and recurrent abdominal pain.26 The second set of
standards, on which our evaluation was based, were for
five "study" conditions: acute cough, acute vomiting,
bedwetting, itchy rash, and recurrent wheezy chest.
A standard for each condition was also drawn up by

one of five "mixed groups" (each comprising two
consultant paediatricians, two experienced general
practitioners, and a researcher as resource)-that is, by
doctors whose performance was not to be reviewed.26
Before the standards were finalised each mixed group
exchanged standards with, and then met, one of the
two trainer groups working on the same condition; that
trainer group was thereafter free to finalise its own
standard (figure).
Each trainer group also experienced a different

type of medical audit for three of the four other
study conditions.30 For one condition they received a
standard set by another trainer group; for another
condition tabulated data comparing their clinical per-
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Finalise own Finalise own Finalise own
standard standard standard

Process ofsetting standards for 10 childhood conditions

formance as a group with that of all other trainer
groups; and for another tabulated data that merely des-
cribed their performance as a group. The remaining
condition served as a "control," for which they
received neither a standard nor summary data. Al-
though the study was designed to estimate how all four
interventions affected performance, the main focus
was on standard setting. Previous experience in the
north of England had suggested that this was the
activity most likely to change performance.

EVALUATION OF STANDARD SETTING AND MEDICAL AUDIT

Our evaluation was based on the 62 practices of the
84 trainers who set standards. Initially, the trainers
recruited 135 (75%) of their 181 partners to collect
data30; this proportion remained constant through
many partnership changes. In each practice, data were
collected for one year, beginning in a random week
between August 1984 and June 1985, and for another
year, beginning in the same random week two years

TABLE I-Basic design and timetable ofnorth ofEngland study

Date Standard setting groups Research team

1982-4 (1) Train for standard setting Prepare and pilot research
(2) Prepare for data documents

collection
1984-6 "Before" phase of data collection
1985-6 Set standard for allocated Disseminate standards and

study condition baseline data on medical
process

1986-8 "After" phase of data collection
1988-90 Review definitive data on Compare "before" and "after"

clinical performance (not phases to infer effect of
part of formal evaluation) setting standards and other

types of medical audit

TABLE II-Experimental design ofnorth ofEngland study: type ofaudit undertakenfor each study condition
bv trainer groups A to K

Study condition

Acute Recurrent
Type of audit Acute cough Itchy rash vomiting wheezy chest Bedwetting

Set clinical standard:
Discussion with mixed group G* A C E
No discussion with mixed group B F H K D

Receive clinical standard J G* A C E
from another trainer group F H K D B

Receive comparative data E J G* A C
from all participating doctors H K D B F

Receive descriptive data C E J G* A
only from own trainer group K D B F H

None A C E J G*
D B F H K

*From the top left hand corner, of the two trainer groups who set a clinical standard for acute cough, group G met the
corresponding mixed group (figure) and group B worked entirely on its own; group G also received a standard for
itchy rash, comparative data for acute vomiting, and descriptive data for wheezy chest but experienced no form of
audit for bedwetting.

later (table I); thus the effects of medical audit were
monitored for up to two years after the completion of
standard setting. Data came from three sources: the
records of children with the study conditions, surveys
of these children's parents, and activity analysis within
participating practices.

Children consulting for the two acute conditions
(acute cough and vomiting) were identified prospec-
tively by their general practitioners." Those with the
three chronic conditions (bedwetting, itchy rash, and
recurrent wheezy chest) were identified retrospectively
from a postal survey of parents of all 75 000 children
registered with participating practices. The records of
random samples of all these children (stratified3' by
doctor consulted, study condition, and age) were then
flagged to enable doctors to recognise future consulta-
tions for that condition.
The content of each relevant consultation was

recorded in two ways: doctors made notes in the child's
medical record in the normal manner and also com-
pleted an "enhancement form.""5 This form asked
them to record diagnosis or formulation; history,
examination and investigation; management decisions;
and reasons for these decisions. Samples of both types
of record were abstracted by fieldworkers, who trans-
lated the information into numerical codes in a
standardised manner.

EXPERIMENTAL DESIGN AND SAMPLE SIZE

Table I shows that the basic design of the study was a
"before and after" comparison.30 This type of design
has many weaknesses, including risk of bias from time
trends in any of the data collected.' To ameliorate
these weaknesses different groups of trainers had a
different experience for each condition (table II). For
each group there was a "control" condition for which
trainers received neither the standard nor summary
data (even though they had provided data for all
five conditions); for each condition there were two
"control" groups of trainers who received neither
standard nor data. In this way we estimated what
would have happened in the absence of medical audit.
The resulting design is known as a replicated Latin

square.33 Although complex (table II), it is easy to
implement: each group is assigned a letter at random,
stratified3 by area to avoid adjacent groups working on
the same condition. This randomisation guards against
many sources of bias.
To calculate the sample size needed we judged that a

general improvement of 10% in compliance with a
standard would be clinically significant. From a pilot
study34 we estimated that we should therefore abstract
the records of 10 children per condition per phase for
each trainer, and 10 records from his or her partners
taken together. However, interviews with trainers
suggested that standard setting would be much more
effective in stimulating change than the three other
types of medical audit.35 We therefore reduced our
abstraction targets for each condition for which the
trainer had not set a standard to five records per phase.
This maintained the power of the study to detect
changes arising from standard setting while reducing
its power to detect other changes.

STATISTICAL ANALYSIS

The classic method of analysing the replicated Latin
square displayed in table II is based on just 50 numbers
that summarise differences in clinical performance
between before and after phases, one for each of the 50
letters in table II.33 Because the numbers of patients
varied from cell to cell, however, we used the more
robust technique of generalised linear modelling.36
This had the additional advantage of allowing for
differences between the children in each cell, notably
in the doctor whom they consulted. We used the
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TABLE iII-Effect of standard setting on adjusted percentages* of children recorded as being prescribed
antibiotic atfirst consultation

All other consultations (those
before general practitioner had set

Consultations after standard for study condition and Odds ratio (95% confidence
general practitioner those with general practitioners interval) of antibiotic
had set standard for who set standard for one of four prescription after standard

Study condition study condition other conditions) setting

Acute cough 31% (n= 142) 41 8% (n=767) 0 62 (0 40 to 095)
Acute vomiting 24% (n=77) 21 5% (n=604) 1 18 (0-66 to 2-13)
Bedwetting 10% (n=36) 8-3% (n=305) 1-23 (0-38 to 3-93)
Itchy rash 17%h (n=84) 5 6%/o (n=647) 3-38 (1 68 to 680)
Recurrent wheezy chest 24% (n= 103) 34 8% (n=705) 0 61 (0-36 to 1-05)

*All adjusted for variation in recorded prescribing between doctors (the only significant factor other than study
condition and standard setting).

GLIM statistical package37 to analyse sequences of
nested models before selecting that which best fitted
the data.38 For binary variables we adopted a binomial
error structure with a logit link function; for most
quantitative variables we adopted a normal error
distribution with an identity link function.

This complex strategy was designed to answer a
simple question-namely, whether standard setting
had improved performance. The following tables
summarise our findings as simply as possible without
distortion. The final columns of tables III and IV
record marginal odds ratios"3 with 95% confidence
intervals derived from our GLIM analyses rather than
from the percentages recorded in the tables.

Similar methods have shown that standard setting
within this study had no effect on parents' reports of
the prevalence of, and consultation rates for, the five
study conditions.39 This paper reports the effects on
doctors' behaviour, and a subsequent paper reports
those on patients' health.

Results
From nearly 12000 children recorded by the 84

trainers and their partners as consulting with study
conditions, the records of over 6000 were sampled
randomly for statistical analysis, and the 3500 initial
consultations with trainers by those children were
analysed. (The number was smaller than our target
because reported consultation rates, notably for acute
vomiting and bedwetting, were lower than expected.)
We analysed the recorded content of these consulta-

tions under 16 headings. Six related to history: social
history, family and genetic history, previous medical

history, previous diagnoses, previous drug manage-
ment, and previous other management; four to the
diagnosis of the current episode: history, examination,
investigations, and recorded diagnosis; and the
remaining six to the management of that episode:
advice and explanation, other doctor actions, drug
management, referral decisions, follow up decisions,
and reasons for management. All 16 types of recorded
information showed variation that was significant at
the 0-1% level; as expected there was substantial
variation among conditions, among trainers, and
between medical records and enhancement forms.
Only two types of information showed a significant

change associated with the setting of clinical standards,
those on drug management and follow up decisions.
Only three specific changes could be attributed to
standard setting: in antibiotic prescribing (table III),
other therapeutic prescribing (table IV), and discharge
decisions (table V). (Tables III to V summarise the best
statistical models identified by our analysis and differ
in format as the models differ.)

ANTIBIOTIC PRESCRIBING

After adjustment for variation between doctors table
III shows that only two factors influenced the recorded
prescribing of antibiotic drugs. Firstly, prescribing
varied significantly (p<0-001) among conditions, from
8% for bedwetting to 42% for acute cough. Secondly,
standard setting had three effects: trainers who set
standards for acute cough thereafter reduced their
prescribing by 11% (p<0 05); those who set standards
for recurrent wheezy chest thereafter reduced such
prescribing by 10%, which was nearly significant
(p>005); and those who set standards for itchy rash
thereafter increased prescribing by 11% (p<0-0 1).
The corresponding standards28 enabled us to inter-

pret these changes. All three standards for acute cough
(two set by trainer groups and one by a mixed group;
figure) and all three corresponding standards for
recurrent wheezy chest cautioned against the indis-
criminate prescribing of antibiotics. In contrast, all
three standards for itchy rash advocated the use of
antibiotics for infected eczema and impetigo. Finally,
none of the four trainer group standards for acute
vomiting or bedwetting gave unequivocal advice about
use of antibiotics. Thus the changes in antibiotic
prescribing were all consistent with the standards that
had been set.28 Furthermore, the general statistical test

TABLE IV-Effect of standard setting on adjusted percentages* ofchildren recorded as being prescribed a therapeutic drug (other than antibiotic,
analgesic, or antipyretic) at first consultation

After standard setting Odds ratio (95% confidence
interval) of therapeutic

Before standard setting: General practitioners who prescription after standard
Study condition All general practitioners set standard for that condition Other general practitioners setting

Acute cough 103% (n=471) 19% (n= 142) 13 7% (n=296) 122 (0 70 to 2 12)
Acute vomiting 13 7% (n=397) 24% (n=77) 17-9% (n=207) 1-54 (0-84 to 2-82)
Bedwetting 29-0% (n= 197) 28% (n= 36) 36 0% (n= 108) 0-27 (0-11 to 0-73)
Itchy rash 56 3% (n=421) 64% (n=84) 64 1% (n=226) 1 06 (0-62 to 1 80)
Recurrent wheezy chest 64 0% (n=428) 78% (n= 103) 71 0% (n= 277) 1 11 (064 to 1 90)

*All adjusted for variation in recorded prescribing between doctors (the only significant factor other than study condition, phase, and standard setting).

TABLE v-Effect ofstandard setting on adjusted percentages* ofchildren recorded as being discharged atfirst consultation

Routine medical records Enhancement forms

All other consultations (those All other consultations (those
before general practitioner had set before general practitioner had set

Consultations after standard for study condition and Consultations after standard for study condition and
general practitioner had those with general practitioners general practitioner had those with general practitioners
set standard for study who set standard for one of the four set standard for study who set standard for one of the four

Study condition condition other conditions) condition other conditions)

Acute cough 2% (n=26) 3% (n= 133) 18% (n= 116) 26-5% (n=634)
Acute vomiting 4% (n=9) 6% (n=93) 31% (n=68) 42 0% (n=51 1)
Bedwetting 0% (n=24) 0% (n= 100) 2% (n= 12) 2-7% (n=205)
Itchy rash 1% (n=38) 1% (n= 165) 10% (n=46) 14-9% (n=482)
Recurrent wheezy chest 1% (n=26) 1% (n= 138) 9% (n=77) 13-1% (n=567)

*All adjusted for variation in recorded discharges between doctors (the only significant factor other than type of record, study condition, and standard
setting).
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ofwhether standard setting caused different changes in
antibiotic prescribing for different conditions was
significant at the 1% level. (Given the number of
statistical tests implied by our analysis of 16 different
types of recorded information, a significance level of
1% is more appropriate when testing for general
effects than the traditional level of 5%. Nevertheless,
the sample sizes for individual conditions were so small
that a significance level of 5% and 95% confidence
intervals are more appropriate for them.)

OTHER THERAPEUTIC PRESCRIBING

Of the 15 standards (10 set by trainer groups and five
by mixed groups),28 all six for respiratory conditions
(acute cough and recurrent wheezy chest) advocated
use of bronchodilators for children with wheeze
or persistent cough. The three standards for acute
vomiting advocated use of oral rehydration fluids. The
three standards for bedwetting cautioned against pre-
scribing of tricyclic antidepressants except as a last
resort. Finally, the three standards for itchy rash
advocated drugs such as benzylbenzoate for scabies
but cautioned against indiscriminate prescribing of
steroids for mild eczema.

After adjustment for variation among doctors table
IV shows that only three factors influenced the
recorded prescribing of therapeutic drugs other than
antibiotics, analgesics, and antipyretics. Firstly, pre-
scribing before standard setting varied between 10%
for acute cough and 64% for recurrent wheezy chest
(p<0-001). Secondly, over the two years between the
phases of data collection prescribing increased consis-
tently for all five study conditions (p<0-001). Thirdly,
trainers consistently changed their prescribing for
their allocated condition in the direction suggested by
the standard they had set: for acute cough, acute
vomiting, and recurrent wheezy chest this change
reinforced an increasing trend and for bedwetting it
counteracted that trend.
The confidence intervals within table IV suggest that

only the change in prescribing for bedwetting was
significant (p<001). However, the general test of
whether standard setting causes different changes in the
recording of therapeutic prescribing for different
conditions was also significant, although only at the 5%
level. Fortunately, our preliminary analysis of the
standards enabled us to use a test of fewer parameters
whether standard setting causes consistent proportional
changes in recording of therapeutic prescribing across
different conditions, upwards for acute cough, acute
vomiting, and recurrent wheezy chest and downwards
for bedwetting; this was significant at the required 1%
level.
The recording of prescriptions did not differ

between medical records and enhancement forms.
Furthermore, all the changes were entirely consistent
between these two sources of data. Thus the enhance-
ment forms introduced within this study and the
existing records (often very abbreviated) each vali-
dated the other and led us to conclude that the changes
presented in tables III and IV are real.

DISCHARGE DECISIONS

After adjustment for variation between doctors table
V shows that recorded decisions to discharge children
(that is, to advise them not to consult again unless their
condition persisted or deteriorated) were influenced by
three factors: condition, type of record, and whether
the trainer had set a standard for that condition.
Only 2% of entries in medical records mentioned
discharge while 22% of enhancement forms did so
(p<0-01). The effect of standard setting was signi-
ficant at the 1% level and consistent across all combina-
tions of type of record and study condition. This effect
may thus be summarised by a single odds ratio": the

odds that trainers who had set a standard would record
that children with their condition had been discharged
were 63% (95% confidence interval 45% to 87%) of the
odds under all other circumstances. This finding is
consistent with the emphasis on follow up throughout
all 15 standards.

OTHER TYPES OF MEDICAL AUDIT

Although setting a standard had three distinct
effects, there was no evidence that the other types
of medical audit-receiving a standard, receiving
comparative data, and receiving descriptive data-had
any effect. Furthermore, the effects of standard setting
were no greater for the five trainer groups who received
specialist input (in the form of a meeting with a mixed
group, table II) than for those who did not.

Discussion
EFFECTS OF MEDICAL AUDIT

In this study 84 general practitioner trainers in 10
groups set clinical standards for 10 childhood condi-
tions, five of which were used to evaluate trainers'
performance. After setting their standards, trainers
changed their recorded practice for their condition in
three ways and maintained these changes for up to two
years. Firstly, the recorded prescription of antibiotics
fell for acute cough and recurrent wheezy chest and
rose for itchy rash. Secondly, the recorded prescription
of bronchodilators rose for acute cough and recurrent
wheezy chest, that of oral rehydration fluids rose for
acute vomiting, and that of tricyclic antidepressants
fell for bedwetting. Thirdly, trainers reduced the
proportion of children with their study condition
whom they recorded as having been discharged. All
these changes were consistent with the corresponding
standards.
There was no evidence that the five trainer groups

whose standard setting culminated in a meeting with a
mixed group, including paediatricians, subsequently
performed better than the other five groups. There was
also no evidence that receiving standards set by other
trainer groups or receiving tabulated data on other
groups' care of study conditions influenced trainers'
practice. After the end of the study an attractive
package of data in the form of personalised graphs was
well received by trainers: three quarters of them used
this feedback or made plans to do so.35 However, well
designed feedback has yet to be rigorously evaluated.8
How valid are these conclusions about the effective-

ness of medical audit? Data were collected by two
methods: participating doctors kept records in the
normal manner and they also completed structured
enhancement forms for a random sample of children.
Reassurance about the validity of both methods
comes from three sources. Firstly, the content of
medical records is generally well correlated with that
of the corresponding consultation.404' Secondly,
all three changes in recorded practice relate to objec-
tive decisions for which records should be accurate.
Thirdly, records and enhancement forms yielded
consistent estimates of all three positive changes. The
most stringent test is whether the recorded change in
practice leads to a change in patients' health; this is
reported in the accompanying paper.

IMPLICATIONS FOR MEDICAL AUDIT

Working for Patients recognised that "access to a
system of adequate medical records" is essential for
successful medical audit.' Although medical records
were useful in our study, they had to be augmented by
structured enhancement forms; for example, decisions
to discharge patients were mentioned in 22% of
enhancement forms but only 2% of medical records.
But the task of enhancement was very demanding, and
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enthusiasm for it diminished over the long period of
data collection. In the long term the best solution
may be to encourage doctors, through incentives or
training, to adopt a structured and more comprehen-
sive framework for their records, based on a problem
oriented approach.4243

Although trainers who set their own standard subse-
quently improved prescribing and follow up for that
condition, they were not influenced by standards set by
another trainer group for another condition. However,
such "external" standards can be effective if they are
disseminated and implemented so that doctors have
opportunities to learn from, and even to assimilate,
these standards.9 Standards set by groups including
representatives of the doctors who are to be audited
can be even more effective.9 Thus our findings are
consistent with those of other evaluations: standards
are effective in improving practice when they are set
by, or otherwise made acceptable to, those doctors
whose performance is to be reviewed.
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Abstract
Objective-To estimate the effects of medical

audit, particularly setting clinical standards, on
patients' health.
Design-Before and after study strengthened by a

replicated Latin square.
Setting-62 training general practices in the north

of England.
Patients-Random sample of 9000 children with

any of five conditions-acute cough, acute vomiting,
bedwetting, itchy rash, and recurrent wheezy chest
-stratified by doctor consulted, condition, and age.
Interventions-Clinical standard set by each of 10

small groups comprising 84 general practitioner
trainers for one randomly selected childhood con-
dition. Each group also experienced a different type

of medical audit, randomly selected, for each of the
four other study conditions (receiving a clinical
standard set by another trainer group, tabulated data
comparing clinical performance with that of all other
groups, tabulated data from only their own group,
and nothing ("control" condition)).
Main outcome measures-Condition specific,

functional, psychological, and educational out-
comes; together with parent satisfaction (recorded
by home interviews and postal questionnaires).
Results-Children consulting trainers for recur-

rent wheezy chest after those doctors had set a
standard for that condition improved both in drug
compliance (79% (n=33) before standard setting v
93% (30) after) and mean number of days of breath-
lessness (3-8 (SE 1.0) before v 1-7 (0-6) after) and
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