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Objectives: To examine variations across general practices and factors associated with antibiotic prescribing for
common infections in UK primary care to identify potential targets for improvement and optimization of
prescribing.

Methods: Oral antibiotic prescribing for common infections was analysed using anonymized UK primary care
electronic health records between 2000 and 2015 using the Clinical Practice Research Datalink (CPRD). The rate
of prescribing for each condition was observed over time and mean change points were compared with national
guideline updates. Any correlation between the rate of prescribing for each infectious condition was estimated
within a practice. Predictors of prescribing were estimated using logistic regression in a matched patient cohort
(1:1 by age, sex and calendar time).

Results: Over 8 million patient records were examined in 587 UK general practices. Practices varied considerably
in their propensity to prescribe antibiotics and this variance increased over time. Change points in prescribing did
not reflect updates to national guidelines. Prescribing levels within practices were not consistent for different in-
fectious conditions. A history of antibiotic use significantly increased the risk of receiving a subsequent antibiotic
(by 22%–48% for patients with three or more antibiotic prescriptions in the past 12 months), as did higher BMI,
history of smoking and flu vaccinations. Other drivers for receiving an antibiotic varied considerably for each
condition.

Conclusions: Large variability in antibiotic prescribing between practices and within practices was observed.
Prescribing guidelines alone do not positively influence a change in prescribing, suggesting more targeted inter-
ventions are required to optimize antibiotic prescribing in the UK.

Introduction

Antibiotics are vital in medicine, not just for the treatment of infec-
tions, but for the prevention of infection-related complications, for
example following surgery, Caesarean sections or chemotherapy.1

Antimicrobial resistance is of global concern as no new class of
antibiotics has been discovered in the last 30 years. Prescribing
of antibiotics is at an all-time global high. In the UK health
system, .81% of antibiotics are prescribed in primary care.2 One
recent study, based on The Health Improvement Network (THIN)

database, observed variability in practice-level prescribing of
antibiotics and that the most common indications for antibiotics
were respiratory and urinary tract infections (RTIs and UTIs, re-
spectively),3 whilst others have observed additional variability in
high-risk prescribing and prescribing safety between practices4,5

and countries.6

Children, the elderly, women, smokers, more deprived popula-
tions and those with multiple comorbidities have a greater risk of
infection-related complications and are prescribed antibiotics
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more often.7–10 However, these patient-related factors were gen-
erally identified in research on just one infectious condition (such
as RTIs), whilst few studies have investigated whether these add-
itional patient-level drivers have the same influence across all
common infections.

To better understand antibiotic utilization in the UK and inform
prescribing policies and future stewardship programmes, this
study analysed electronic health records (EHRs) from the Clinical
Practice Research Datalink (CPRD), including data from 587 practi-
ces over 15 years. The objectives of this study were to determine
which factors are associated with the decision to prescribe antibi-
otics across a wide range of common infections and to evaluate
the variability in antibiotic prescribing between general practices
and whether this variability changed with updates to national pre-
scribing guidelines.

Materials and methods

Data source

A retrospective observational study was conducted using CPRD. This data
research service holds longitudinal, anonymized, patient-level EHRs from
.500 general practices with .5 million active patient records in the UK,
representing �8% of the UK population.11–13 The EHR includes the clinical
diagnosis, medication prescribed, vaccination history, diagnostic testing,
lifestyle information and clinical referrals, as well as the patient’s age, sex,
ethnicity and BMI.13 On the basis of patients’ residential postcodes, we
extracted Index of Multiple Deprivation (IMD) quintiles from the CPRD. The
IMD measures area-level deprivation on the basis of several domains,
including income, employment, health, education, barriers to services
(including housing), crime and general living environment. It is derived for
Lower-layer Super Output Areas (LSOAs), which contain 1000–3000 people,
and are census derived.14 Prescriptions were classified using the BNF
sections.

Study population
EHRs were obtained for patients who visited their general practice between
January 2000 and June 2015 with a clinical Read code relating to a com-
mon infection. The selected Read codes were reviewed by two independent
clinical epidemiologists and the most common infection-related conditions
recorded were selected for investigation. These included upper and
lower respiratory tract infections (URTIs and LRTIs, respectively), sinusitis,
otitis externa, otitis media and UTIs. URTIs comprised unspecified URTIs,
tracheitis, laryngitis, common cold, cough, sore throat and tonsillitis. LRTIs
comprised unspecified LRTIs, unspecified chest infections and bronchitis,
excluding COPD and pneumonia. The full code lists are available at
clinicalcodes.org.

The study population consisted of patients who consulted their general
practice for a common infection that did not have an infection-related
Read code and/or an antibiotic prescription in their EHR in the 6 months be-
fore the consultation (to identify patients with an incidental case of infec-
tion). The index date was the date that the infection-related Read code was
recorded in the EHR. Common infections that occurred within 12 months of
registering with their practice were excluded (with the exception of those
for newly born babies). If a patient had multiple consultations for each in-
fectious condition over the study period, one single observation was ran-
domly selected. This generated six unmatched study populations, one for
each infectious condition. Matched study populations were derived from
the unmatched populations. Cases were those patients who had received
an antibiotic prescription. They were matched at random on a one-to-one
basis by age, sex and calendar month and year of the consultation to a con-
trol patient who did not receive an antibiotic prescription for the same

infectious condition. Matching by age was done stepwise by year up to a
maximum difference of 5 years. Matching by time accounted for any change
in national guidelines and seasonal changes in prescribing behaviours.

Statistical analysis
Descriptive statistics were used to investigate the rate of antibiotics being
prescribed for each infection in the study population over the relevant
period. The unmatched study population was used to determine the rate of
antibiotic prescribing for each common infection by practice. This was fol-
lowed by a change point analysis (CPA)15 of the mean annual antibiotic pre-
scribing rates (for all practices) over time to evaluate changes in prescribing
rates compared with the introduction of national guidelines, using the
changepoint package in RStudio (R; version 3.3.3). To determine whether a
practice’s prescribing rate was similar for each infectious condition, a correl-
ation coefficient matrix was applied to practice-level antibiotic prescribing
rates (a score of 1 indicated a perfect positive correlation and 0 indicated no
correlation within a practice). Finally the unmatched population was used
to estimate the effects of age and sex on the likelihood of receiving an anti-
biotic prescription. To account for non-linear associations, age was trans-
formed using the multiple fractional polynomials (mfp) package in RStudio
(R; version 3.3.3). Fractional polynomials are used to model the influence of
non-linear continuous covariates on the outcome in regression models.16

The most appropriate transformation (selected using the mfp package)
was then used in a crude logistic regression to estimate the risk of receiving
an antibiotic for males and females by age for each indication. For this ana-
lysis, a cut-off was applied to patient age at the 1st and 99th centiles
(Table 1), ensuring there were enough observations included in the analysis;
this cut-off varied for each infectious condition.

The matched study population was generated to control for the differ-
ence in risk of receiving an antibiotic for age and sex, as well as matching by
calendar time to adjust for any seasonal effect or changes to guidelines on
prescribing during the study period. A standard data-cleaning approach
was applied; specifically, for any patient with a BMI ,8, the BMI was
amended to ‘missing’.17 Multiple imputation methods were implemented
to impute missing BMIs, smoking information and IMDs, generating 15
datasets. Imputations were checked using density plots against the original
data and subsequent models for predictors of antibiotic prescribing were
adjusted using a missing indicator to account for the proportion of missing
data in the original study population.

To identify patient predictors for antibiotic prescribing, conditional logis-
tic regression was used to estimate ORs and 95% CIs for the outcome of
receiving an antibiotic prescription, running the model on each imputed
dataset and averaging the results from these runs. The variables included
in the model were identified through a literature review and selected a pri-
ori. These variables included the patient’s BMI, smoking history, ethnicity,
IMD quintile and health status using the Charlson comorbidity index.7,8,18,19

Other variables included the total number of all consultations, non-
antibiotic prescriptions and antibiotic prescriptions received by the patient
in the previous 12 months, the patient’s influenza vaccination history,
whether a patient had presented with the same condition in the previous
12 months, the duration of the consultation and the practice region.18

Regions were grouped to include: (i) North of England (North West, North
East and Yorkshire and The Humber), (ii) Midlands (West Midlands, East of
England and East Midlands), (iii) South of England (South West, South
Central and South East Coast), (iv) devolved administrations (Wales,
Scotland and Northern Ireland) and (v) London. Reference categories
included in the conditional logistic model are specified in the Results sec-
tion. R version 3.3.3 was used for the statistical analysis.

Ethics
Data from CPRD were used for this work. In accordance with CPRD research
approval, the study protocol was first approved by the Independent
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Table 1. Characteristics of the study population for each common infection

Characteristic URTI LRTI Sinusitis Otitis externa Otitis media UTI

Unmatched population (n) 4249147 1250120 413138 702985 539571 758622

Antibiotics prescribed, n (%) 1786630 (42) 1099459 (87.9) 358647 (86.8) 230056 (32.7) 435930 (80.1) 678236 (89.4)

Age, years

mean (SD) 34.9 (25.2) 45.5 (26.5) 44.8 (16.9) 37.3 (23.6) 20.7 (21.6) 48.3 (24.5)

1st–99th centile 0–88 0–93 10–83 1–87 0–80 2–94

Matched population (n) 3291304 301272 108928 459332 206806 160472

Antibiotic prescribed, n (%) 1645652 (50) 150636 (50) 54464 (50) 229666 (50) 103403 (50) 80236 (50)

Age, years

mean (SD) 37.04 (25.3) 43.04 (31.6) 44.72 (17.6) 34.10 (23.3) 26.87 (23.7) 47.69 (28.7)

Sex, n (%)

male 1458758 (44.3) 143258 (47.6) 41546 (38.1) 208908 (45.5) 95378 (46.1) 44748 (27.9)

female 1832546 (55.7) 158014 (52.4) 67382 (61.9) 250424 (54.5) 111428 (53.9) 115724 (72.1)

BMI

mean (SD) 25.9 (7.15) 25.23 (7.58) 26.79 (5.78) 26.18 (7.33) 24.56 (8) 25.6 (6.5)

missing, n (%) 1433930 (43.6) 140022 (46.5) 39024 (35.8) 219029 (47.7) 112157 (55.2) 71869 (44.8)

Ethnicity, n (%)

White 908264 (27.6) 87843 (29.2) 31043 (28.5) 121569 (26.5) 50899 (24.6) 46411 (28.9)

Asian 80897 ( 2.5) 4688 (1.6) 1732 (1.6) 7336 (1.6) 3375 (1.6) 2684 (1.7)

Black 39423 ( 1.2) 1975 (0.7) 842 (0.8) 3182 (0.7) 1247 (0.6) 1145 (0.7)

Mixed 21429 ( 0.7) 1498 (0.5) 399 (0.4) 2205 (0.5) 1147 (0.6) 728 (0.5)

Unknown 2241291 (68.1) 205268 (68.1) 74912 (68.8) 325040 (70.8) 150138 (72.6) 109504 (68.2)

Smoking history, n (%)

non-smoker 1134869 (34.5) 83866 (27.8) 47321 (43.4) 140989 (30.7) 50365 (24.4) 62704 (39.0)

current smoker 441827 (13.4) 43788 (14.5) 17992 (16.5) 54057 (11.8) 17280 (8.4) 24995 (15.6)

past smoker 519251 (15.8) 47612 (15.8) 21172 (19.4) 75348 (16.4) 24589 (11.9) 23824 (14.8)

missing smoking information 1195357 (36.3) 126006 (41.8) 22443 (20.6) 188938 (41.1) 114572 (55.4) 48949 (30.5)

Region, n (%)

London 350944 (10.7) 22099 (7.3) 10010 (9.2) 42002 (9.1) 16474 (8.0) 14444 (9.0)

Scotland, Wales and Northern Ireland 612872 (18.6) 56453 (18.7) 21318 (19.6) 78311 (17.0) 33806 (16.3) 29784 (18.6)

North of England 564625 (17.2) 60418 (20.1) 19496 (17.9) 80982 (17.6) 39353 (19.0) 28753 (17.9)

Midlands of England 767371 (23.3) 76449 (25.4) 25113 (23.1) 116423 (25.3) 53058 (25.7) 40505 (25.2)

South of England 995492 (30.2) 85853 (28.5) 32991 (30.3) 141614 (30.8) 64115 (31.0) 46986 (29.3)

IMD quintiles, n (%)

1 (least deprived) 497366 (15.1) 41349 (13.7) 18367 (16.9) 74203 (16.2) 34750 (16.8) 23261 (14.5)

2 478904 (14.6) 41398 (13.7) 16743 (15.4) 68760 (15.0) 29794 (14.4) 23526 (14.7)

3 412858 (12.5) 36995 (12.3) 13152 (12.1) 58785 (12.8) 26004 (12.6) 20485 (12.8)

4 387332 (11.8) 35143 (11.7) 11109 (10.2) 52826 (11.5) 23463 (11.3) 18522 (11.5)

5 (most deprived) 310386 ( 9.4) 32173 (10.7) 7918 (7.3) 42033 (9.2) 19160 (9.3) 15581 (9.7)

missing IMD information 1204458 (36.6) 114214 (37.9) 41639 (38.2) 162725 (35.4) 73635 (35.6) 59097 (36.8)

Charlson index score, n (%)

0 (no comorbidity) 2354982 (71.6) 188132 (62.4) 77024 (70.7) 346528 (75.4) 163879 (79.2) 99283 (61.9)

1–4 (low) 897586 (27.3) 105025 (34.9) 31132 (28.6) 109419 (23.8) 41931 (20.3) 55875 (34.8)

�5 (high) 38736 (1.1) 8115 (2.7) 772 (0.7) 3385 (0.73) 996 (0.5) 5314 (3.3)

Consultation duration, min, median (IQR) 7 (5–11) 7 (4–11) 8 (5–11) 7 (4–10) 7 (4–10) 8 (4–12)

Entries to patient EHR, median (IQR)a,b 13 (5–26) 17 (7–34) 14 (6–28) 10 (4–23) 9 (4–19) 19 (7–38)

Flu vaccine, n (%)a 704048 (21.4) 95968 (31.9) 21736 (20.0) 74618 (16.2) 27295 (13.2) 50554 (31.5)

Same infectious disease, n (%)a 303939 (9.2) 22503 (7.5) 6597 (6.1) 32381 (7.0) 12932 (6.3) 16899 (10.5)

Non-antibiotic prescriptions, median (IQR)a 4 (1–15) 6 (1–34) 5 (1–16) 3 (0–11) 2 (0–8) 7 (1–36)

Antibiotic prescriptions, n (%)a

none 2318726 (70.45) 213291 (70.8) 73665 (67.63) 318111 (69.26) 145050 (70.14) 112610 (70.2)

1–2 824594 (25.05) 72098 (23.93) 29875 (27.43) 120279 (26.19) 53200 (25.72) 40454 (25.2)

.3 147984 (4.5) 15883 (5.27) 5388 (4.95) 20942 (4.56) 8556 (4.14) 7408 (4.6)

Original non-imputed data.
aIn the 12 months preceding the consultation.
bThe number of entries includes all entries in the patient’s EHR on the index date.
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Scientific Advisory Committee (ISAC) for CPRD research (protocol number
16_153R3AMn2A).

Results

In total, 587 general practices were included in the analysis. The
unmatched population generated .8 million patient records, with
almost 4.9 million patient record observations in the age-, sex-
and calendar time-matched study population. The demographics
of the study populations are summarized in Table 1. On average,
females received antibiotics more often than men, particularly for
sinusitis and UTIs, where 61.9% and 72.1% of the matched study
population were female, respectively. The mean patient age also
varied by indication, ranging from 26.9 years (SD 23.67) for
patients with otitis media up to 47.7 years (SD 28.7) for patients
with UTIs. A large proportion of patients had no comorbidities
(62%–79%). The most common infections identified in this study
accounted for 72.2% of all oral antibiotics prescribed. URTIs
accounted for 30.9% of oral antibiotic prescriptions, LRTIs 19%, si-
nusitis 6.2%, otitis externa 4%, otitis media 7.5% and UTIs 4.6%.

When observing prescribing rates, there were no major changes
over time for each infectious condition between 2000 and 2015
(Figure 1). The propensity to prescribe antibiotics varied between
practices considerably; for example, some practices prescribed just
10% of the time whilst other practice prescribed 70% of the time
for cases of URTIs. This variability remained in 2015, but the num-
ber of lower-prescribing practices fell.

CPA of antibiotic prescribing rate identified between two and
five change points for each infectious condition over the 15 years.
These prescribing change points were not always consistent with
regular NICE guideline updates or the launch of ‘Managing com-
mon infections: a guidance for primary care’, suggesting that
changes in guidelines did not have a consistent positive influence
on antibiotic prescribing rates (Figure 2).

Additionally, practices that were high prescribers for some con-
ditions were not necessarily high prescribers for other conditions,
shown by little correlation for prescribing rates by infection within
a practice (Figure 3).

Differences are known to exist for prescribing rates by age and
gender. In the current cohort, the probability of receiving an anti-
biotic for each indication varied considerably by age (Figure 4).
Elderly patients were more likely to receive an antibiotic for URTI
compared with children while the reverse was found for otitis
externa and otitis media. Males and females had comparable
probabilities of getting an antibiotic for most indications, except si-
nusitis and UTI, where females were more likely to receive an anti-
biotic across all ages.

As differences in age and sex were observed, a matched cohort
was used to identify predictors of antibiotic prescribing.
Consistencies and inconsistencies were observed for each infec-
tious condition when examining the predictors of antibiotic pre-
scribing (Figure 5). The greatest increase in odds of receiving an
antibiotic prescription was associated with patients that had
received one or more antibiotic prescriptions in the previous
12 months. Patients that had one or two antibiotic prescriptions
were 9%–23% more likely to be prescribed an antibiotic compared
with patients that received no antibiotic prescriptions during the
previous year. These odds increased with the number of antibiotics
a patient received. Patients with three or more antibiotic

prescriptions had 22%–48% increased odds of receiving an anti-
biotic for all infectious conditions examined.

The odds of receiving an antibiotic also increased across all
infections (except for UTI) for patients with an overweight or obese
BMI (by 1%–13%) and past smokers (by 1%–21%). Influenza
vaccines in the previous 12 months increased the likelihood of
receiving an antibiotic prescription by 3% (sinusitis) to 17% (LRTIs),
but had no effect for ear-related infections.

Other predictors of receiving an antibiotic varied considerably
for each infection (Figure 5). Higher comorbidity score increased
the odds of receiving an antibiotic for URTIs (11%–22%), but the
opposite was observed for LRTIs and UTIs, with lower odds of
receiving an antibiotic with greater comorbidity score (10%–33%
and 9%–29% less likely, respectively). Similarly, a previous history
of the same infection in the year before increased patient odds
of receiving an antibiotic for both RTIs and UTIs (9% and 20%,
respectively), but reduced the odds for antibiotic prescribing for
sinusitis and ear-related infections up to 10%. Other predictors of
prescribing that demonstrated variability across all infectious
conditions included ethnicity, socioeconomic status, practice loca-
tion, the duration of the consultation, the number of non-antibiotic
prescriptions and the number of consultations in the previous
12 months.

Discussion

This is the first study to simultaneously investigate multiple
common infectious conditions to determine which factors drive
the decision to prescribe an antibiotic. Antibiotic prescribing rates
were not influenced by updates to prescribing guidelines. A lack of
association was observed in prescribing rates for each infectious
condition at the practice level. Considerable variability was
observed with respect to which patient characteristics influence
antibiotic prescribing. Particularly high prescribing was observed
for cases of RTIs, UTIs and ear-related infections, which included a
large proportion of middle-aged, otherwise healthy patients
that would probably recover if left untreated. This is consistent
with previous studies, where there were significant levels of anti-
biotic prescribing for likely viral infections.3,10,20,21

The number of antibiotics a patient received in the previous
year significantly increased the odds of receiving subsequent anti-
biotic treatment, similar to findings by Shallcross et al. (2017),22

where heavy users of antibiotics also received at least five antibiot-
ic prescriptions in the previous 3 years. Part of this may be appropri-
ate and risk/need-based due to underlying medical conditions.
However, a patient who received an antibiotic in a previous con-
sultation may have an increased expectation of receiving an anti-
biotic in subsequent similar consultations.23 This may be an
important target for antimicrobial stewardship programmes.

Antibiotic prescribing has been reported to be higher in socio-
economically deprived populations8,18,24,25 because GPs perceive
these patients to have an increased risk of complications.26

A Scottish study observed increased antibiotic prescribing for less-
affluent patients across all age categories in 2010–12.8 However,
in our study, in a longer but contiguous timeframe, the association
between a patient’s deprivation status and the probability of
getting an antibiotic was inconsistent. Patients with a lower socio-
economic status had greater odds of receiving an antibiotic for
outer ear infections, but lower odds for URTIs, LRTIs, UTIs, inner ear
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infections and sinusitis. There may be several reasons for these in-
consistent findings. We evaluated the effects of socioeconomic
status by each infectious condition in patients who had no other
recent prescription for antibiotics (incidental users), while pub-
lished studies evaluated the effect of patient deprivation on overall
rates of prescribing irrespective of indication and do not stratify the
population with respect to incidental use. Also, studies often inves-
tigated the effect of patient deprivation on prescribing in selected
populations, such as children27 or the elderly,24 but generalize their
findings to all patients with a lower socioeconomic status.

A higher incidence of deprivation and health inequality across
regions in the north of England exists,18,28,29 indicating practices
with more deprived communities and particularly practices
located in the north of England prescribe antibiotics 2-fold more
than practices in the south.18,25 This study found large variability in

antibiotic prescribing by region for each infectious condition, sup-
porting the findings of Dolk et al.3 However, in our study matching
patients by age, sex and calendar time, the north–south divide
was reversed for some conditions and completely removed for
others. The underlying reasons for this variation between prescrib-
ing are only partly understood.

A study of paediatric centres found that prescribing variability
could not be explained by patient-specific factors alone.30

Prescriber behaviour also varies significantly.31 Older GPs may pre-
scribe antibiotics more often than newly qualified GPs with UK
training18 and increased prescribing is associated with higher GP
workload.9 Prescriber gender may influence prescribing32,33 and
prescribers are influenced by peer social norms.34 National guide-
lines for the treatment of common infections alone are important
but not sufficient to optimize the prescribing of antibiotics,35 but
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more research is needed to understand inter-practice dynamics
and how these influence prescribing.

The focus of current guidelines is largely symptom-based,
for example FeverPAIN for acute sore throat.36 Patient factors

(including age and comorbidity) are also important influences on
the decision to prescribe antibiotics.22,37 However, this study found
high prescribing rates for young and middle-aged adults with no
pre-existing health issues, suggesting prescribing may be more
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symptom-based or patient demand-based,38 which is associated
with poorer prescribing quality39 than risk-related prescribing. This
is supported by a study looking at drivers for the variability in the
rate of antibiotic prescribing in UK general practices, which sug-
gests that the influence of overall patient health in the decision to
prescribe is limited,20 and in the current study, where patients with
similar risk profiles (such as Charlson scores) were also treated dif-
ferently between different common infections. This variability in
antibiotic prescribing after adjustment for age, gender and calen-
dar time confirms that more consistent prescribing and optimiza-
tion in decision making, such as shared decision making, could
impact prescribing40 and are essential if we are to reduce inappro-
priate overuse and thus avoidable resistance.

Antimicrobial stewardship programmes can reduce prescrib-
ing.41 However, the lack of association between prescribing rates
for each condition within a practice, a novel finding, emphasizes
the need for future stewardship interventions and guideline devel-
opment to focus at practice and patient level to be effective. These
interventions should also consider that a practice may perform
well for one indicator but poorly for others.42

In non-infectious conditions, risk models are available to sup-
port prescribing decisions. As an example, statin prescribing is now
mostly based on a patient’s overall risk of developing cardiovascu-
lar disease. To optimize antibiotic prescribing and reduce the vari-
ability, developing and implementing systematic approaches
based on a patient’s risk of poor outcomes or infection-related

complications (such as hospital admission for pneumonia) could
be of value. These risks could be calculated based not only on the
patient’s symptom score but also on their age, any underlying dis-
eases and other risk factors, such as IMD.

The strengths of this study included the study size: .5 million
patient-level health records for up to 15 years, larger than previous
studies.3,20,22 The analysis was matched and was able to look at
the effect of multiple drivers across many common infectious con-
ditions. Unlike most studies that observe antibiotic prescribing, this
study selected a population of incident antibiotic users to deter-
mine the association of drivers of antibiotic prescribing for new inci-
dences of infection, removing bias from repeat prescription and
heavy users in the general population.

The main limitation was that we did not have data on the sever-
ity and type of symptoms as these are not well recorded in EHRs.
However, it is unlikely that our finding of large variability in antibiot-
ic prescribing can be explained by different types and severities of
symptoms. It may be very useful if symptom scores of common
infections could be captured more systematically and analysed for
use in systematic decision support.43 We evaluated prescribed
antibiotics rather than antibiotics dispensed or taken by patients.
An estimated 13.3% of antibiotic prescriptions are for delayed anti-
biotics.44 This information was unavailable in the current study but
future analysis could be stratified by prescribing strategy. Similarly,
future investigation of prescribing variability over time should take
into consideration the uptake of delayed prescribing, adjusting for
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the rate of change. Medication compliance has been reported to
be 70%–80% for short-term therapy,45 so the majority of patients
who collected their prescription are likely to have taken the full pre-
scribed course of antibiotics. Read codes were grouped by infec-
tious condition and used to select cases and controls with an
overall infectious term. Some GPs code diagnoses differently
according to whether or not they prescribe an antibiotic, which

may have created some bias in the analysis; however, an addition-
al matching by specific Read codes would dramatically reduce the
sample size and therefore statistical power. Random sampling
was conducted when patients had multiple consultations for the
same infection, which may have introduced bias as the more con-
sultations the patient had the greater the odds of receiving an anti-
biotic prescription. Sensitivity analysis (including interaction terms
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in a model between all the key predictors and the variable ‘same
infection 12 months before’) did not show a consistent pattern for
the interaction terms and lacked significance, suggesting that bias
was not introduced by selecting one event at random. There was a
large proportion of missing data for BMI, smoking history and
patient IMD score. This was accounted for by applying a robust,
well-established method to impute missing values,46 as well as
adjusting the models with a missing indicator.

Important drivers for antibiotic prescribing were age, sex, re-
gion, level of comorbidities and prior antibiotic prescribing and
deprivation. A change to antibiotic prescribing at practice level over
time was not associated with updates to national prescribing
guidelines. Antimicrobial stewardship programmes need to be
tailored to the specific challenges in a general practice and inter-
ventions may be more effective at the practice level. Interventions
are needed to support practitioners during a consultation, such as
risk models and decision support tools with up-to-date information
on local guidelines.
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