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Antibiotic prescribing for
acute cough: 
the effect of perceived patient demand

ABSTRACT

Background
GPs decide whether or not to prescribe antibiotics for
acute cough. Apart from clinical signs and symptoms,
non-medical reasons influence this decision as well.

Aim
To obtain a valid estimate of the effect of perceived
patient demand.

Design of study
Secondary analysis of cluster randomised controlled
trial data.

Setting
Eighty-five Flemish GPs.

Method
GPs completed a preprinted form with medical as well
as non-medical information and their prescription for
20 consecutive adult patients consulting with acute
cough in the periods February to April 2000 and 2001.
The effect of perceived patient demand on antibiotic
prescribing was estimated by performing alternating
logistic regression analysis. A hierarchical backwards
elimination procedure, described by Kleinbaum, was
used.

Results
Seventy-two GPs participated, including 1448 patients
eligible for analysis; 500 (34.5%) were prescribed an
antibiotic and, according to the GP, 218 (15.1%) asked
for an antibiotic. In cases of perceived patient demand
antibiotics were prescribed significantly more often
(odds ratio [OR] = 4.64, 95% confidence interval
[CI] = 2.96 to 7.26). In the final model (n = 819; OR =
4.60, 2.59 to 8.17); Hosmer–Lemeshow goodness-of-fit
P = 0.72), the effect of perceived patient demand for
an antibiotic depended on the outcome of the lung
auscultation. When patient demand was perceived,
antibiotics were prescribed significantly more often
only in the case of a normal lung auscultation or in the
case of only one abnormal auscultatory finding
(adjusted OR = 20.83, 95% CI = 8.86 to 48.99;
adjusted OR = 4.79; 95% CI = 2.16 to 10.60,
respectively).

Conclusions
Perceived patient demand has a significant,
independent and clinically relevant effect on antibiotic
prescribing for acute cough with negative findings on
the lung auscultation. Practice guidelines and
interventions to optimise antibiotic prescribing have to
take this effect into account.

Keywords
antibiotics; general practice; medical decision-making;
respiratory tract infections. 

INTRODUCTION
In general practice, medical decisions are prompted
most often by complaints about coughing: 169 times
per 1000 patients per year for a new illness episode,
especially for acute respiratory tract infections
(RTIs).1 Despite the lack of evidence to support the
prescription of antibiotics for coughing in case of
suspected RTIs,2,3 antibiotics are being
overprescribed for this condition, especially in
primary care.4,5 This results in an unnecessary
financial burden on both the patient and society, as
well as adverse effects and development of bacterial
resistance.6 Because it is difficult to establish
accurate diagnoses of RTIs in general practice, we
chose to study this acute problem in primary care
based on the most frequent symptom, that is,
coughing.7 When we explored the diagnostic and
therapeutic decisions of Flemish GPs regarding adult
coughing patients by means of focus groups,8 we
found medical as well as non-medical reasons for
antibiotic prescriptions in case of a suspected RTI.9

Our hypotheses on Flemish GPs’ decisions were in
line with previous research. In the case of suspected
RTI, there is a low degree of certainty in the
differentiation between RTIs, for example, between
acute bronchitis and pneumonia.10,11 Clinical signs
and symptoms, medical reasons, often leave GPs
with a diagnostic uncertainty. In the end, the decision
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whether or not to prescribe antibiotics is taken.12

Prescription behaviour is also determined by doctor-
and patient-related factors, for example patient
expectations and the GP’s perception of them.13

These are clearly non-medical reasons.
A questionnaire study assessing the importance of

the focus group determinants for the decision to
prescribe antibiotics confirmed that non-medical as
well as medical reasons may give rise to antibiotic
treatment.14 Patient demand for an antibiotic was
mentioned in the focus groups and scored high in the
questionnaire study as a non-medical reason for
antibiotic prescribing. 

Other non-medical reasons have been shown to
affect antibiotic prescribing behaviour of GPs as well,
such as patient expectations,15,16 and, to a greater
extent, GPs’ perception of patient expectations.17,18

However, the size of the effect of non-medical
reasons, adjusted for medical reasons associated
with the prescription of antibiotics has not been
presented before.19,20 Therefore, besides validating
our focus group and questionnaire study findings,
this study aims to establish a valid estimate of the

How this fits in
Antibiotics are being overprescribed, especially for respiratory tract infections
(RTIs). Medical decisions (about RTIs) are prompted most often by complaints
about coughing. The evidence base to identify which patient will benefit from
antibiotics is poor. Non-medical factors seem to play a part in the prescribing
decision as well. Increasing bacterial resistance calls for action. In adult patients
with acute cough and a normal lung auscultation or only one abnormal
auscultatory finding, perceived patient demand for an antibiotic significantly
increased the odds of being prescribed one in general practice. Interventions to
optimise antibiotic prescribing have to take this effect into account to support
good clinical practice.

Figure 1. Flow of GPs
through the study.

GPs recruited for this 
study (n = 85)

GPs including patients for 
this study (n = 72)

GPs responding in 
questionnaire study (n = 193)

GPs reluctant to take part 
in further study on 
this topic (n = 44)

GPs approached for this 
study (n = 149)

effect of perceived patient demand on GPs’
antibiotic prescribing, specifically for patients
consulting with acute cough as one of the most
prominent complaints, and to contribute to the
necessary understanding of this complex
prescription decision.

METHOD
Design
We performed a secondary analysis of data collected
during a cluster randomised controlled trial.21 This
trial aimed to optimise antibiotic prescribing by
implementing an evidence-based guideline for acute
cough by means of academic detailing. The main
recommendation is that most patients with acute
cough do not need antibiotics. Nevertheless we
mentioned first-choice antibiotics. The primary
outcome was the antibiotic prescribing rate by GPs
for adult patients with acute cough. We were also
interested in the kind of antibiotics prescribed, if any,
and whether any change in antibiotic prescribing
affected symptom resolution. 

Setting and sample
We approached 149 Flemish GPs not reluctant to
take part in further study on this topic at the time of
the postal questionnaire study.14 Eighty-five GPs
agreed to participate in the randomised controlled
trial by returning a completed and signed form to
collect their characteristics (Figure 1 and Table 1).
The ratios the gross amount for antimicrobials for
systemic use (Anatomical Therapeutic Chemical
(ATC) J; www.whocc.no/atcddd/) on the gross
amount for all pharmaceutical specialties and the
volume (daily defined dosage [DDD]) of ATC J on the
volume for all pharmaceutical specialties are both
expressed as percentages on individual prescribing
feedback from the National Sickness and Invalidity
Insurance Institution (NSIII) to GPs. We asked the
participating GPs for these percentages and
calculated their mean. The participating GPs were
asked to include 20 consecutive adult acute cough
patients (for inclusion criteria see Box 1) in the
periods February to April 2000 and 2001.

Data collection and measures
The GPs were asked to use preprinted forms to
record patient demographics, the presence of
comorbidity and risk, symptoms and signs, as well
as the circumstances of the consultation, the tests
ordered, and the prescription of a follow-up visit, of a
referral and of an antibiotic (Table 2 and the extended
version, Supplementary Table 1). For comorbidity
and risk, symptoms, signs, and for the
circumstances ‘demands for antibiotics’ and
‘demands for other medication’, the three possible

GPs not willing to take part 
in this study (n = 64)

GPs not including patients 
for this study (n = 13)
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were prescribed more often for older patients, in
cases of a medical history of chronic obstructive
pulmonary disease (COPD) or a patient reporting a
feeling of sickness, in cases of prolonged coughing
or symptoms like sputum, fever and shortness of

P 18–65 years old

P No compromised immunity

P New or worsening cough:

P present for less than 30 days

P as (one of the) most prominent complaint(s)

P as the reason for the first encounter at the 
GP’s practice

Box 1. Inclusion criteria of adult acute
cough patients.

Variable n (%)b

Men 53 (74)

University of Antwerp graduates 32 (44)

Professional training 19 (28)

Fee for service 69 (96)

Not single-handed 35 (49)

GPPTsc in practice 16 (22)

Part time 13 (19)

Province

Antwerp 44 (61)

Brussels 2 (3)

Limburg 5 (7)

West Flanders 12 (17)

East Flanders 9 (13)

Peakflow meter 67 (93)

Spirometer 16 (22)

Training practice 24 (33)

Academic link 23 (32)

Records of home visits 59 (82)

Computerised records 51 (71)

Complementary medicine 2 (3)

Mean (SD)

Age at start of this study (years) 44 (8)

Patient encounters per week 104 (42)

Home visits per week 34 (19)

Medical representatives per month 15 (10)

ATC J cost ratio 15 (7)

ATC J volume ratio 3 (1)

ATC J = Anatomical Therapeutic Chemical J. SD = standard
deviation. aGPs including the 1448 patients eligible for
analysis. Their characteristics do not differ from the
characteristics of the other GPs who agreed to participate in
this study (n = 13). bDenominators vary due to missing values.
cGPs in professional training.

Table 1. Characteristics of
participating GPs (n = 72).a

answer categories were ‘yes’, ‘no’, and ‘don’t know’.
For the circumstances ‘workload’ and ‘impression’
the three categories were ‘low’, ‘high’, and ‘very
high’, and ‘not ill’, ‘ill’, and ‘very ill’, respectively. For
‘tests ordered’ and ‘prescriptions’, there were only
two possible answer categories, ‘yes’ and ‘no’.

Statistical analyses
We calculated frequency distributions of individual
variables and assessed univariate associations
between each variable and the prescription of
antibiotics. We developed a model to obtain a valid
estimate of the relationship between perceived
patient demand for an antibiotic and GPs’ antibiotic
prescribing. We used a hierarchical backwards
elimination procedure described by Kleinbaum,22

taking clustering of the data into account (Box 2).
Before starting the procedure, all categorical
variables were dichotomised. Since we aimed to
estimate the effect of perceived patient demand for
an antibiotic, and since we wanted to control the
above relationship only for the presence of the other
covariates, we dichotomised comorbidity and risk,
symptoms, signs, and the circumstances ‘demands
antibiotics’ and ‘demands other medication’ by
recoding ‘don’t know’ into ‘no’, and the
circumstances ‘workload’ and ‘impression’ by
recoding ‘very high’ into ‘high’, and ‘very ill’ into ‘ill’,
respectively. To deal with co-linearity, the variables
‘reduced breathing sounds’, ‘wheezing’, ‘ronchi’, and
‘crepitations’ were replaced by the variable ‘lung
auscultation’, representing the number of abnormal
auscultatory findings, while a new dichotomous
variable ‘higher risk’ was created based upon Fine’s
prediction rule to identify patients with community-
acquired pneumonia at low risk for mortality or
complications,23 and equals one, if the patient’s age
is over 50 years or if the patient has congestive heart
failure, cerebrovascular disease, liver disease, renal
disease or neoplastic disease, or has altered
consciousness, pulse rate >125/min, respiratory rate
>30/min, temperature >38°C or systolic blood
pressure >90 mmHg, and which equals zero
otherwise (Table 2).

Statistical analyses were performed with SAS
statistical software.

RESULTS
Seventy-two GPs participated in the study (Figure 1),
with 1448 patients eligible for analysis. According to
these GPs, 218 (15%) asked for an antibiotic and 500
(35%) were prescribed an antibiotic (Table 2).

Univariate analysis
The prescription of antibiotics was associated with
medical and non-medical information. Antibiotics



Prescribed  Not prescribed Crude  Adjusted 
antibiotics antibiotics OR (95% CI)b ORc (95% CI)b

(n = 500)a (n = 948)a (n = 1448) Significance (n = 819) Significance

Demographics
Mean age in years (SD) 42.05 (13.03) 40.23 (13.05) 1.01 (1.00 to 1.02) † 1.02 (1.00 to 1.04)

Comorbidity and risk
COPD 54/493 (11) 57/930 (6) 2.39(1.57 to 3.64) † 0.77(0.35 to 1.69)
ACE inhibitor 17/490 (3) 18/926 (2) 2.13 (1.01 to 4.49) † 1.05 (0.26 to 4.19)
Aspiration risk 6/488 (1) 8/925 (1) 2.85 (1.87 to 4.34) † 14.79 (1.24 to 176.71) †
Smoking 183/499 (37) 281/944 (30) 1.56 (1.25 to 1.95) † 1.00 (0.59 to 1.68)

Circumstances
Impression of sickness: ill 295/480 (61) 319/901 (35) 3.04 (2.29 to 4.04) † 2.28 (1.47 to 3.53) †
Demand for antibiotics 125/500 (25) 93/948 (10) 4.64 (2.96 to 7.26) † 20.83 (8.86 to 48.99) †

Symptoms
Mean (SD) duration 6.45 (5.04) 5.35 (4.73) 1.05 (1.03 to 1.07) † 1.04 (0.99 to 1.10)

of coughing (days)
Sputum 374/500 (75) 458/942 (49) 3.04 (2.32 to 3.97) † 2.52 (1.62 to 3.92) †
Fever 166/500 (33) 243/943 (26) 1.49 (1.17 to 1.89) † 1.11 (0.67 to 1.83)
Headache 281/492 (57) 446/923 (48) 1.38 (1.12 to 1.71) † 1.57 (1.03 to 2.37) †
Muscle ache 175/486 (36) 301/925 (33) 1.27 (1.01 to 1.59) † 0.75 (0.48 to 1.17)
Wheezing 138/487 (28) 136/929 (15) 2.34 (1.78 to 3.07) † 0.63 (0.34 to 1.17)
Short of breath 185/487 (38) 216/927 (23) 2.38 (1.85 to 3.05) † 1.27 (0.68 to 2.37)
Chest pain 215/489 (44) 263/922 (29) 2.02 (1.61 to 2.52) † 1.68 (1.07 to 2.65) †
Loss of appetite 164/482 (34) 194/901 (22) 2.20 (1.69 to 2.87) † 1.22 (0.74 to 2.02)
Limited activity 255/488 (52) 374/915 (41) 1.92 (1.47 to 2.52) † 1.73 (0.87 to 3.42)

Signs
‘Higher risk’ 212/500 (42) 323/948 (34) 1.38 (1.11 to 1.71) † 1.21 (0.78 to 1.87)
Mean (SD) number of abnormal 1.01 (1.09) 0.36 (0.75) 2.53 (2.02 to 3.18) † 3.04 (2.03 to 4.54) †

auscultatory findings
Percussion dullness 9/473 (2) 6/889 (1) 6.15 (0.71 to 53.21) 1.46 (0.15 to 13.80)

Prescriptions
Referral 13/496 (3) 21/932 (2) 1.71 (0.98 to 3.00) 0.04 (0.01 to 0.14) †
Follow-up contact 69/479 (14) 68/880 (8) 3.06 (1.99 to 4.69) † 2.18 (0.81 to 5.85)

GPs’ characteristics
Professional training 111/456 (24) 259/890 (29) 0.85 (0.56 to 1.29) 0.20 (0.10 to 0.42) †
Fee for service 497/500 (99) 926/948 (98) 4.06 (2.64 to 6.23) † 1.63 (0.10 to 26.09)
Part-time 59/489 (12) 198/333 (21) 0.52 (0.32 to 0.86) † 1.35 (0.35 to 5.16)
Province

Antwerp 269 (54) 670 (71) 1 1
Brussels 41 (8) 28 (3) 3.38 (1.16 to 9.84) † 29.20 (4.85 to 176.71) †
Limburg 35 (7) 37 (4) 2.24 (0.86 to 5.89) 2.75 (0.88 to 8.63)
West Flanders 98 (20) 93 (10) 2.07 (1.25 to 3.43) † 3.95 (1.60 to 9.76) †
East Flanders 57 (11) 120 (13) 1.12 (0.60 to 2.11) 1.88 (0.37 to 9.50)

Spirometer 93/500 (19) 303/948 (32) 0.61 (0.37 to 0.99) † 0.44 (0.21 to 0.90) †
Year of birth 55.99 (7.64) 55.56 (8.39) 1.01 (0.99 to 1.03) 1.22 (1.01 to 1.47) †
Mean (SD) number of patient 112.14 (46.08) 101.06 (40.08) 1.01 (1.00 to 1.01) † 1.00 (0.99 to 1.02)

encounters per week
Mean (SD) number of home visits per week 38.63 (18.80) 30.53 (17.41) 1.02 (1.01 to 1.03) † 1.03 (1.00 to 1.06)
Mean (SD) ATC J cost ratio 16.54 (6.64) 14.28 (6.23) 1.05 (1.02 to 1.08) † 0.94 (0.84 to 1.06)
Mean (SD) ATC J volume ratio 3.60 (1.44) 2.91 (1.28) 1.35 (1.19 to 1.53) † 1.58 (0.97 to 2.57)

Design
Registration year: 2001 190/500 (38) 481/948 (51) 0.64 (0.52 to 0.80) † 0.74 (0.42 to 1.28)
Year*group: 2001*intervention 78/190 (41) 206/481 (43) 0.57 (0.40 to 0.82) † 0.72 (0.23 to 2.29)

Interaction terms of final model
Demand for antibiotics*number 1.76 (1.30 to 2.38) 0.23 (0.13 to 0.41)

of abnormal auscultatory findings
GP’s sex*year of birth 1.01 (1.00 to 1.01) 0.90 (0.76 to 1.06)

ACE = angiotensin converting enzyme. ATC J = Anatomical Therapeutic Chemical J. SD = standard deviation. aDenominators vary due to missing values. bScore
test using alternating logistic regression; † = P< 0.05. cAdjusted for all variables in the final model. dGPs in professional training.

Table 2. Predictors of the prescription of antibiotics by Flemish GPs in adult acute cough patients.
Figures are numbers (%) unless stated otherwise.a
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breath, and in cases of more abnormal auscultatory
findings or signs such as percussion dullness
(Table 2). There was also a higher incidence of
antibiotic prescription among the GPs with the
highest number of patient encounters and home
visits on a weekly basis, and GPs prescribing
relatively more antimicrobials for systemic use
(ATC J) in cost and in volume (ATC J cost ratio and
ATC J volume ratio, respectively). Likewise, there
was a strong link between perceived patient
demand for an antibiotic and the prescription of
one (odds ratio [OR] = 4.64, 95% confidence
interval [CI] = 2.96 to 7.26).

For these associations, the dependence of a pair
of responses belonging to the same cluster was
highly significant, with the intra-cluster correlation
coefficient being 0.20 on average.

Multivariate analysis
Interaction terms that were not statistically significant
or prevented the model from converging were not
retained in the model. Of the variables dropped for
the latter reason, only the GPs’ year of birth, the
number of patient encounters per week and ATC J
cost ratio were significant effect modifiers of the
univariate relationship between perceived patient
demand for antibiotics and the prescription of
antibiotics. For younger GPs (year of birth 1965
versus 1945), GPs with fewer patient encounters per
week (80 versus 150) and GPs with a higher ATC J
cost ratio (0.20 versus 0.10), patient demand was
even more strongly associated with antibiotic
prescription.

This resulted in a model containing seven
interaction terms (patient age, smoking, number of
abnormal auscultatory findings, GPs’ university of
graduation, part-time working status, registration
group [control versus intervention] and registration
year [2000 versus 2001]) (P<0.05). After eliminating
interaction terms with a P-value greater than 0.01,
only one interaction term was retained in the model.
In order to obtain a comprehensible and valid
estimate of the effect of perceived patient demand
for antibiotics on GPs’ antibiotic prescribing, the final
model controls for this interaction term and all
possible confounders (Table 2).

This model fits the data well (Horton goodness-of-
fit [GOFHorton]31 P = 0.71; GOFHosmer–Lemeshow32

P = 0.72). For the patients in the final models (n =
819), the univariate association between perceived
patient demand for antibiotics and the prescription of
an antibiotic (OR = 4.60, 95% CI = 2.59 to 8.17) was
very similar to that for all patients (n = 1448).

Because of the introduction of GPs’ characteristics
in this model, the dependence for a pair of responses
belonging to the same cluster was no longer

significant, the intra-cluster correlation coefficient
being 0.02.

From the final model we learn that perceived
patient demand for antibiotics is still significantly
associated with the prescription of antibiotics. This
association is independent of the other information
the GPs recorded and of their characteristics
(Table 2). Significant confounders of this
association are aspiration risk (adjusted
OR = 14.79, 95% CI = 1.24 to 176.71), an
impression of sickness (adjusted OR = 2.28, 95%
CI = 1.47 to 3.53), the presence of sputum (adjusted
OR = 2.52, 95% CI = 1.62 to 3.92), the presence of
of a headache (adjusted OR = 1.57, 95% CI = 1.03
to 2.37), thoracic pain (adjusted OR = 1.68,  95%
CI = 1.07 to 2.65), the number of abnormal
auscultatory findings (adjusted OR = 3.04,  95%
CI = 2.03 to 5.54), investigating infection
parameters (adjusted OR = 28.04, 95% CI = 2.86 to
274.54), patient referral (adjusted OR = 0.04, 95%
CI = 0.01 to 0.14), the age of the GPs at the start of
this study (adjusted OR of year of birth = 1.22, 95%
CI = 1.01 to 1.47), previous professional training
(adjusted OR = 0.20, 95% CI = 0.10 to 0.42]),

To obtain a valid estimate of the relationship between perceived patient demand for
an antibiotic and GPs’ antibiotic prescribing, we estimated a logistic model which
contained all covariates as possible confounders and all interaction terms between
perceived patient demand and the covariates as possible effect modifiers. The
covariates were the other information the GPs recorded about the patients, as well as
their characteristics (Table 2). We also added the interaction terms of patient sex and
age, and GP’s sex and year of birth, respectively, as well as the variables year, group
and year*group to control for the randomised controlled trial design. If some of the
covariates or interaction terms dropped out of the starting model due to co-linearity,
confounding and interaction were evaluated in a stratified analysis of perceived
patient demand versus GPs’ antibiotic prescribing, controlling for each covariate
separately. 

First, interactions were assessed by eliminating one by one the interaction term with
least significant type 3 score statistics. Only significant interactions were retained in a
‘gold standard’ model. P values of their parameter estimates would be considered
significant if smaller than 0.01 instead of smaller than 0.05 only if necessary for a
clear interpretation of the effect of perceived patient demand on GPs antibiotic
prescribing.

Second, the confounding effect of all covariates not in significant interaction terms in
the full model was assessed, followed by precision considerations. We looked for a
subset of covariates for which the model gave roughly the same parameter estimates
for perceived patient demand and the significant interaction terms, but with narrower
confidence intervals.

Alternating logistic regression (ALR),24 a technique closely related to generalised
estimating equations (GEE),25,26 was used to adjust the logistic regression estimates
for clustering within our data (patients are nested within GPs).27 The marriage of GEE
or ALR with goodness-of-fit (GOF) is not an easy one.28–31 In addition to the original
Hosmer and Lemeshow GOF statistic,32 we used an extension of that to marginal
regression models for repeated binary responses.31 Our approach to fit a broader
model with interactions and to test whether the additional terms are significant is
regarded as an appropriate way to determine the fit as well.31

Box 2. Hierarchical backwards elimination procedure and
cluster data.



having a spirometer in the practice (adjusted
OR = 0.44, 95% CI = 0.21 to 0.90), and the practice
location (Figure 2).

However, the effect of perceived patient demand
for an antibiotic on GPs’ antibiotic prescribing
depends on the outcome of the lung auscultation.
When patient demand for antibiotics is perceived,
patients are prescribed an antibiotic significantly
more often when the lung auscultation is normal
(adjusted OR = 20.83, 95% CI = 8.86 to 48.99])
(Figure 2), or in case of only one abnormal
auscultatory finding (adjusted OR = 4.79, 95%
CI = 2.16 to 10.60]).

In case of a normal lung auscultation, the adjusted
predicted probability for an antibiotic prescription is
0.09 (95% CI = 0.02 to 0.30) if no patient demand for
antibiotics is perceived, compared to 0.84 (95%
CI = 0.52 to 0.97) if patient demand is perceived. If
only one abnormal auscultatory finding is present
these probabilities are 0.16 (95% CI = 0.03 to 0.53)
and 0.98 (95% CI = 0.92 to 1.00), respectively. If
there is more than one abnormal auscultatory finding
there is no relevant and significant difference
between perceived patient demand and no
perceived patient demand.

DISCUSSION
Summary of main findings
Perceived patient demand for antibiotics is
significantly associated with the prescription of
antibiotics to adult acute cough patients, even when
controlling for the other information the GPs
recorded and for their characteristics. Antibiotics
were prescribed significantly more often when a
patient was perceived to demand an antibiotic and
the lung auscultation was normal or revealed only
one abnormal finding. Aspiration risk, an impression
of sickness, the presence of sputum, of headache,

and of thoracic pain, abnormal auscultatory findings,
investigating infection parameters and a younger GP
were also associated with increased antibiotic
prescribing. Prescribing depended on the GP’s
practice location as well. This rather reflects the
influence of university departments of general
practice involved in RTI research in Antwerp and
Ghent, than differences in the competition for
patients. Patient referral, previous professional
training and having a spirometer in the practice were
associated with less prescribing.

Strengths and limitations of the study
Although it is possible, it is unlikely that the results
are biased due to the recruitment or the non-
response of the GPs, as was stated elsewhere.21,33

The antibiotic prescription volume in packages or in
DDDs per GP did not differ between participating
GPs and the other Flemish GPs in the period
2000–2001. The age and sex distribution of the GPs
who included the 1448 patients eligible for analysis is
similar to national averages. Furthermore, in terms of
all recorded characteristics, these GPs did not differ
from the other GPs willing to participate in the
randomised controlled trial (n = 13), nor did those
with patients differ from those without patients in the
final model.

Patient characteristics might also influence the
results of this study. Face-to-face interviews of two
samples of about 1000 people representative of the
Belgian population aged over 14 years also showed
that about 15% of the responders would ask the GP
for an antibiotic.34 There were no differences in the
patients’ characteristics between those records
included in the analysis (n = 1448) and those records
eligible for the randomised controlled trial (but
excluded here because of incomplete data for
perceived patient demand for an antibiotic),21 or
between those records included and those left out of
the final model. Furthermore, the crude OR for all
eligible patients (n = 1448) and that of all patients with
complete information (n = 819) is 4.64 (95% CI = 2.96
to 7.26) and 4.60 (95% CI = 2.59 to 8.17), respectively,
suggesting that there is no bias due to the selection of
patients with complete information in the final model.

There was no formal assessment of either the
internal validity or the reliability of the preprinted
forms; rather, they were assumed acceptable as
they had been developed based upon our focus
group study,9 and questionnaire study.14 After all,
doctors often report abnormal examination findings
to justify the decision to prescribe, but even in
Belgium, where GPs are remunerated largely on a
fee-for-service basis, patient demand is not seen as
being an acceptable reason for that, even if actually
expressed by the patient. Still, our data show that a

0.001 0.01 0.1 1 10

Referral
Professional training

Spirometer
East Flanders

West Flanders
Limburg
Brussels

Antwerp (reference)
Physician’s practice location:    

Physician’s year of birth
Headache

Chest pain
Impression of sickness

Sputum
Number of abnormal findings

Aspiration risk
Request for antibiotics

Investigation of infection parameters

100 1000

Figure 2. The relationship
between the effect of
perceived patient demand
on antibiotic prescribing
for acute cough and the
significant confounders of
this relation. Adjusted odds
ratios and 95% confidence
limits.
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non-medical reason is independently associated
with increased prescription of antibiotics.

Comparison with existing literature
Acute cough. Knowledge about the determinants
that play an important role in clinicians’ decisions to
prescribe antibiotics for respiratory infections is
useful in designing interventions to decrease
inappropriate antibiotic prescribing.19,20 For this
study, we chose to include patients with acute
cough. Although it is the most frequent complaint in
general practice there is much uncertainty as to the
diagnosis and treatment of patients with an acute
cough.20 Surprisingly little evidence is available to
support decisions concerning these patients in
daily practice.35 It is therefore not surprising that
diagnostic labels such as acute bronchitis are used
inconsistently in general practice.36 To avoid
misclassification, rather broad definitions such as
‘lower respiratory tract illness’ are used in patients
with an acute cough.37 When applying the criteria
described by Hopstaken and co-workers to our
data,38 it was found that 624 acute cough patients
(43%) had a lower respiratory tract infection (LRTI).
Even more patients met the criteria described by
Holmes and MacFarlane (n = 1112 [77%]).37,39 In
about 60% of patients with a LRTI and perceived
demand for an antibiotic, the lung auscultation was
normal or revealed only one abnormal finding, and
the effect of perceived demand for an antibiotic on
the prescription of antibiotics did not differ between
patients with or without a LRTI. This suggests not
only that our findings also apply to patients with a
LRTI as defined in the literature, but also that
choosing to study patients with acute cough is
more than justified. After all, there is only limited
agreement between the classification of patients
with acute cough when applying the above criteria
to define patients with a LRTI.

The prescribing decision. In addition to estimating
the effect of perceived patient demand on GPs’
antibiotic prescribing after adjustment for clinical
factors, this study aimed to validate our focus
group and questionnaire study findings and to
contribute to the necessary understanding of this
complex prescription decision. Therefore, we used
a hierarchical backwards elimination procedure,
starting with interaction assessment.22 Only one
interaction term was retained in the final model for
a clear interpretation of the estimate of the effect of
perceived patient demand. The more conservative
model contained seven interaction terms. It would
seem that the only meaningful description of these
results is that the lower the number of auscultatory
findings the more perceived patient demand

favours antibiotic prescribing. In previous studies
we, and others, also found that a positive lung
auscultation in itself was associated with antibiotic
prescribing, and that diagnostic uncertainty
influenced the complex decision-making
process.9,14,19,20 The results of this study support
these findings and contribute to the understanding
of the prescription decision. After all, it sounds
sensible that more abnormal auscultatory findings
provide GPs with more certainty regarding the
need of an antibiotic, and vice versa. Antibiotics
are thus prescribed for medical reasons if these are
available, but when GPs have to deal with
diagnostic uncertainty, non-medical reasons favour
antibiotic prescribing. This can also be attributed
to the so-called chagrin factor.9,40 In the present
study GPs consider it less appropriate not to
prescribe antibiotics when patient demand is
perceived, since this causes more chagrin, even if
the evidence shows that the limited benefit for
patients with acute (productive) cough is
outweighed by the side-effects,2,3 and the
medicalising effect, the financial costs and the
effect on antimicrobial resistance.6

Implications for future research and clinical
practice
A clinical practice guideline and an intervention to
optimise antibiotic prescribing for acute cough in
Flemish general practice have taken non-medical
reasons into account. We performed a multifaceted
intervention, including educational outreach visits
(academic detailing),21 to implement a guideline for
acute cough,41 since this might be most
effective.42,43 Planning other cluster-randomised
trials on this topic one should take into account an
intra-cluster correlation coefficient of 0.20 to adjust
power calculations.  

This study enabled us to obtain a valid estimate of
the effect of perceived patient demand for antibiotics
on GPs’ antibiotic prescribing and confirmed our
focus group study and questionnaire study findings,
that is, that GPs’ decisions to prescribe antibiotics
are determined by both medical and non-medical
reasons.9,14 Hence, good clinical practice guidelines
and interventions to optimise antibiotic prescribing
have to take into account non-medical reasons in the
prescription of antibiotics.
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