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ABSTRACT
Objective Determine the association of incident 
antibiotic prescribing levels for common infections with 
infection- related complications and hospitalisations by 
comparing high with low prescribing general practitioner 
practices.
Design retrospective cohort study Retrospective cohort 
study.
Data source UK primary care records from the Clinical 
Practice Research Datalink (CPRD GOLD) and SAIL 
Databank (SAIL) linked with Hospital Episode Statistics 
(HES) data, including 546 CPRD, 346 CPRD- HES and 338 
SAIL- HES practices.
Exposures Initial general practice visit for one of six 
common infections and the proportion of antibiotic 
prescribing in each practice.
Main outcome measures Incidence of infection- related 
complications (as recorded in general practice) or 
infection- related hospital admission within 30 days after 
consultation for a common infection.
Results A practice with 10.4% higher antibiotic 
prescribing (the IQR) was associated with a 5.7% lower 
rate of infection- related hospital admissions (adjusted 
analysis, 95% CI 3.3% to 8.0%). The association varied by 
infection with larger associations in hospital admissions 
with lower respiratory tract infection (16.1%; 95% CI 
12.4% to 19.7%) and urinary tract infection (14.7%; 95% 
CI 7.6% to 21.1%) and smaller association in hospital 
admissions for upper respiratory tract infection (6.5%; 
95% CI 3.5% to 9.5%) The association of antibiotic 
prescribing levels and hospital admission was largest in 
patients aged 18–39 years (8.6%; 95% CI 4.0% to 13.0%) 
and smallest in the elderly aged 75+ years (0.3%; 95% CI 
−3.4% to 3.9%).
Conclusions There is an association between lower 
levels of practice level antibiotic prescribing and higher 
infection- related hospital admissions. Indiscriminately 
reducing antibiotic prescribing may lead to harm. Greater 
focus is needed to optimise antibiotic use by reducing 
inappropriate antibiotic prescribing and better targeting 
antibiotics to patients at high risk of infection- related 
complications.

INTRODUCTION
Common infections, such as sore throat or 
sinusitis, are often self- limiting and usually 
get better without antibiotics; nevertheless, 
they are frequently prescribed.1 2 Research 
regarding antimicrobial resistance (AMR) 
and antibiotic prescribing rates often focuses 
on reducing inappropriate prescribing to 
lower the threat of increasing AMR.3 Anti-
biotic prescribing for common self- limiting 
infections is often seen as a target for reduc-
tion.3 4 However, a proportion of common 
infections are caused by bacterial infections 
that may progress, and antibiotics may reduce 
infection- related adverse outcomes.

The UK AMR national action plan for 2019–
2024 continues on from the last AMR strategy 
(2013–2018) with updated aims and targets to 
address the continued problem of resistance. 
One aim is to optimise antibiotic use through 
stewardship programmes, including a 25% 

Strengths and limitations of this study

 ► Two large primary care databases with linked hospi-
talisation data were used to evaluate the difference 
in hospital admission after community- acquired 
common infections comparing high with low pre-
scribing general practitioner practices.

 ► This analysis focuses on antibiotic prescribing at 
practice level with the emphasis on evaluating gov-
ernmental guidance on reducing overall prescribing.

 ► Incidental antibiotic prescriptions without details on 
local antibiotic resistance levels were evaluated in 
this analysis, and the results can only be interpreted 
in this context.

 ► No data were extracted on infection severity or 
symptom scores; therefore, no conclusions can 
be drawn on the appropriateness of antibiotics 
prescribed.
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reduction in antibiotic use in the community from the 
2013 baseline.5 Antibiotic prescribing in primary care in 
England shows a declining trend (−13.2%) between 2013 
and 2017; however, to reach desired reduction targets, 
continued efforts are needed.3

A small number of studies have analysed the relation-
ship between antibiotic prescribing rates and adverse 
events in primary care. Petersen et al6 and Gulliford et al7 
studied the relationship between antibiotic prescribing 
rates in primary care and complication in patients with 
common respiratory tract infections (RTIs). Both studies 
reported reductions in incidence of pneumonia, as 
recorded by the general practitioner (GP), with higher 
levels of antibiotic prescribing. However, these studies 
did not evaluate the association of prescribing rates with 
the rate of hospital admission after common infections in 
primary care.

Gharbi et al8 reported that prescribing immediate anti-
biotics in primary care to elderly patients for urinary 
tract infection (UTI) was associated with a lower risk of 
bloodstream infection, hospital admission and all- cause 
mortality compared with no antibiotics and deferred 
antibiotic prescribing. However, antibiotic prescribing 
in primary care is known to increase the risk of resistant 
infections.9 This highlights the challenge in balancing 
prescribing to reduce the risk of severe outcomes and 
limiting overall antibiotic consumption to slow the devel-
opment of AMR.

The association between practice antibiotic prescribing 
rates and the rate of hospital admission after common 
infection when clearly separated from other infection- 
related complications managed in the community has not 
previously been studied. There is uncertainty with regards 
to the relationship between antibiotic prescribing levels 
and complications that can arise after various common 
infections. The objective of this study was to investigate the 
association between practice level antibiotic prescribing 
in primary care for multiple common infections and the 
rate of infection- related complications through compar-
ison of high and low prescribing GP practices. These data 
provide insight into the role of antibiotic prescribing 
patterns in controlling the rate of adverse events.

METHOD
Data sources
The Clinical Practice Research Datalink (CPRD GOLD10) 
and the Secure Anonymised Information Linkage Data-
bank (SAIL11) were used in this study. CPRD is a UK 
primary care database with routinely collected electronic 
health records.10 All patients registered with a partici-
pating general practice are anonymously included in 
the dataset. Data have been collected from 1987 and 
represents about 8% of the UK population. CPRD is 
broadly representative of the general UK population in 
terms of age, sex and ethnicity.10 The SAIL databank is a 
data repository of anonymised personal data collected for 
research from 75% of Welsh general practices.11 Within 

SAIL, individual GP practices share anonymised patient- 
level clinical information on symptoms, diagnoses and 
prescribed treatment. As Welsh GP practices are included 
in both CPRD and SAIL, they have been removed from 
CPRD to avoid replication.

For both data sources, all patient level data were 
aggregated up to practice level. The final CPRD dataset 
contained 546 GP practices of which 346 (located in 
England only) were linked with hospital admitted patient 
care data (Hospital Episode Statistics (HES)). The SAIL 
Databank included 338 GP practices, all linked to HES.

Selection and eligibility criteria
The CPRD study population included patients with a 
consultation between 1 January 2000 and 30 June 2015; 
for SAIL, the time period was between 1 January 2000 
and 31 December 2017. The study population included 
patients with an initial GP consultation and clinical Read 
code for a common infection. This was defined as the 
first incident consultation for a common infection within 
6 months and without an antibiotic prescription in the 
previous 1 month. Six common infections were included: 
upper respiratory tract infection (URTI; cough or cold, 
sore throat), lower respiratory tract infection (LRTI), 
otitis externa, otitis media, sinusitis and UTI.

Patients were eligible to be included if they were perma-
nently registered at the GP practice, had a minimum of 
1- year follow- up since data collection (except for chil-
dren under one) and at least one record of an incident 
common infection. Male and females of any age were 
eligible. Patients were not required to have an antibi-
otic prescribed at the time of visit for common infec-
tion. Patients with an infection- related complication or 
an infection- related hospital admission in the 6 months 
prior or on the day of consultation were excluded. Indi-
vidual patients were able to contribute multiple infec-
tion episodes, as long as the consultations were at least 6 
months apart.

Exposure and outcomes
The number of patients who received an antibiotic at 
the consultation was determined. The practice antibiotic 
prescribing rate was the percentage of consultations that 
resulted in an antibiotic prescription in the complete 
study period.

Infection- related hospital admission was identified 
using the primary admission diagnosis using ICD- 10 
(International Classification of Diseases, Tenth Revision) 
codes from the linked HES data. This outcome was eval-
uated using the CPRD- HES and SAIL- HES datasets. The 
second outcome evaluated was infection- related compli-
cations as recorded in the primary care records identified 
from Read codes. Both outcomes were evaluated during 
the 30 days after the initial common infection consulta-
tion. In case of death or end of data collection within 
these 30 days, observations were censored. The outcomes 
were evaluated using the CPRD and SAIL datasets.
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Person time at risk was calculated for the registered 
CPRD and SAIL population by counting the days without 
diagnosis of infection- related complications during the 
30- day follow- up after the date of common infection. The 
rates of infection- related outcomes were calculated by 
dividing the number of events by the person time at risk 
(per 1000 person- month). The outcomes were identified 
based on predefined code lists. Compiled code lists are 
available on  clinicalcodes. org,12 and ICD- 10 codes are 
available from van Staa et al.13 The codes for outcomes and 
infections used were reviewed independently by two clin-
ical epidemiologists. Infection- related hospital admission 

includes codes for admission such as for sepsis, endocar-
ditis, acute RTI or bacterial meningitis. Infection- related 
complications as recorded in the primary care records 
includes any revisit to the GP for infection- related compli-
cations such as pneumonia, sepsis, quinsy, mastoiditis or 
meningitis in the 30- day follow- up period. The same set of 
conditions were included in both outcomes.

Confounders
The analysis was adjusted with the scaled mean at practice 
level of age, vaccination against influenza and hospital 
admission in the previous year. Additionally, the analysis 

Table 1 Demographic and characteristics of the GP practices included in CPRD, CPRD- HES and SAIL datasets

CPRD n=546 CPRD- HES linked n=346 SAIL n=338

Consultations

  Upper respiratory tract infection 9 646 774 5 698 611 1 956 752

  Lower respiratory tract infection 2 288 616 1 321 593 435 929

  Otitis externa 1 166 023 708 465 183 843

  Otitis media 864 791 529 946 215 495

  Sinusitis 707 736 422 638 97 636

  Urinary tract infection 1 511 176 881 957 263 921

Age (mean, SD) 38.50 (3.86) 38.47 (3.72) 30.17 (7.11)

Sex female (%) 58.98 59.06 56.25

Charlson comorbidity index (mean (%))

  None (0) 65.80 66.16 77.28

  Low (1–2) 27.41 27.24 18.39

  Medium (3–4) 5.10 4.97 3.24

  High (5–6) 1.25 1.19 0.81

  Very high (>7) 0.45 0.44 0.28

Region (count, %)

  North England 109 (20.0) 83 (24.0) –

  Midlands 120 (22.0) 87 (25.1) –

  South England 158 (28.9) 124 (35.8) –

  London 67 (12.3) 52 (15.0)

  Devolved administrations (Northern Ireland 
and Scotland)

92 (16.8) – –

  Wales – – 338 (100)

Socioeconomic status (mean (%))

  1 least deprived 13.29 20.98 23.77

  2 14.25 22.49 21.36

  3 12.49 19.71 21.17

  4 12.47 19.68 17.65

  5 most deprived 10.17 16.05 16.05

  Missing data 37.32 1.09 –

Hospitalisation in previous year (mean (%)) 0.02 0.02 0.03

GPs per 1000 consults (mean, SD) 3.54 (2.30) 3.52 (2.25) NA

GP count per 1000 consults was not available in SAIL databank.
CPRD, Clinical Practice Research Datalink; GP, general practitioner; HES, Hospital Episode Statistics; SAIL, Secure Anonymised Information 
Linkage.
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was adjusted with the scaled proportion of each cate-
gory at practice level of the following categorical char-
acteristic: sex, Charlson Comorbidity Index,14 body mass 
index (BMI), smoking status (never, currently, past and 
unknown) and socioeconomic status (SES; least deprived 
to most deprived). The proportion of SES was derived 
from patients with linkage to Index of Multiple Depriva-
tion (IMD) quintiles. Linked IMD data in quintiles based 
on patient’s residential postcode were available for both 
datasets. Census based IMD data measures deprivation 
at area- level based on domains, such as income, employ-
ment, health, housing and general environment.15

Additionally, analyses using CPRD and CPRD- HES were 
adjusted with the mean at practice level of the number 
of GPs per 1000 consults, the patient transfer- out rate 
and region. No imputations or other adjustments were 
performed for missing characteristics in the covariates. 
Missing data were present for the following covariates: 
BMI (CPRD: 41.4%), smoking status (CPRD: 30.4%) and 
SES (CPRD: 37.3%).

Statistical analysis
Infection- related complications were modelled with 
negative binomial regression using practice- level antibi-
otic prescribing as a predictor and the log of person time 
at risk as an offset. The unit of analysis is the practice. 
All variables were scaled with their associated IQR (IQR 
(interquartile range): 75th–25th percentile) by dividing 
the original values by the IQR from the variable.16 This 
creates a natural comparison between high and low 
prescribing GP practices. The antibiotic prescribing rate 
was modelled continuously. Because of the scaling, the 
IQR becomes the unit that the effect size is expressed 
in. Both outcomes were compared against all common 
infections in the initial analysis. Models were adjusted for 
missing data using a covariate specific missing data indi-
cator. The association of each of the six common infec-
tions was then studied against both outcomes separately. 
The analyses were further stratified by gender and age 
categories: 0–17, 18–39, 40–59, 60–74 and 75+ years old to 
evaluate the varied prescribing among these risk groups. 

The beta coefficient of the antibiotic prescribing rate was 
exponentiated and is presented as an incidence rate ratio 
(IRR). The effect estimates from the CPRD and SAIL 
cohorts were combined using a meta- analysis method 
with inverse variance weighting and DerSimonian and 
Laird random effect models.

Absolute difference in antibiotic prescribing between 
high and low prescribing practices was calculated from 
the prescribing rates (25th and 75th percentiles) and 
mean events per practice. The absolute difference in 
infection- related complications between high and low 
prescribing was calculated using the complication rate 
and the IRR. The number needed to treat (NNT) with 
antibiotics to prevent one event of hospital admission was 
calculated by dividing the absolute difference in antibi-
otic prescribing by the absolute difference in complica-
tions. Forestplot,17 dplyr18 and MASS19 packages in R were 
used for the analysis. All analyses were performed using R 
software V.3.4.1 (R Foundation for Statistical Computing; 
Vienna, Austria).

Patient and public involvement
No patients were involved in the study design, and no 
patients were asked to consult on the outcomes or inter-
pretation of the results. Results will be disseminated to 
relevant patient communities through news media and 
social media.

RESULTS
The study was based on a total of 19.6 million GP consulta-
tions for common infections. URTI was the most frequent 
common infection (CPRD: 9 646 774) followed by LRTI 
(CPRD: 2 288 616) and UTI (CPRD: 1 511 176). A total 
of 884 GP practices were included in the analysis (CPRD: 
546; SAIL: 338) (table 1). The mean age of the practice 
population was 38 years in CPRD and 30 years in SAIL. 
The majority of patients had no comorbidities recorded 
(Charlson score: 0). There were 25 721 cases of infection- 
related complications as recorded in primary care in CPRD 
and 15 192 cases in SAIL. The rate of these complications 

Table 2 Rates of infection- related complications and or hospital admission in the 30 days after GP visit for common infection

Infection- related complications
Number of cases (30- day 
follow- up)

Sum person- months
(30- day follow- up)

Rate and 95% CI
(per 1000 person- 
month)

Infection- related complication GP recorded

  CPRD 25 721 19 220 606 1.34 (1.32 to 1.35)

  SAIL 15 192 3 718 739 4.09 (4.02 to 4.15)

Hospital admission

  CPRD- HES linked 17 810 12 335 982 1.44 (1.42 to 1.47)

  SAIL- HES 19 796 3 900 897 5.08 (5.00 to 5.15)

GP- recorded infection- related complications were identified from the electronic health records, which included any revisit to the GP for 
complications after the initial consultation.
Hospital admission was identified from the linked HES data.
CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics; SAIL, Secure Anonymised Information Linkage.
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was 1.3 and 4.1 per 1000 person- months, respectively. For 
infection- related hospital admission, the number of cases 
was 17 810 in CPRD- HES and 19 796 in SAIL- HES, with 
rates of 1.4 and 5.1 per 1000 person- months, respectively 
(table 2). The majority of antibiotics were prescribed 
for LRTI, sinusitis and UTI (table 3). Antibiotics were 
less likely to be prescribed for otitis externa. There was 
considerable variability between general practices in the 
percentages of patients prescribed an antibiotic. For 
URTI, 28.6% of the patients received an antibiotic at the 
fifth percentile practice and 66.4% at the 95th percentile 
practice. Summary counts of infection- related hospital 
admission types from CPRD- HES are available in online 
supplemental appendix 1.

Infection-related hospital admission
The incidence of infection- related hospital admission was 
found to be associated with the practice- level antibiotic 

prescribing rate (figure 1). A 10.4% higher antibiotic 
prescribing rate (IQR) was associated with an IRR of 
0.943 (95% CI 0.920–0.967), denoting a 5.7% lower 
infection- related hospital admission rate in the combined 
analysis. Results between CPRD- HES and SAIL- HES were 
comparable. In CPRD- HES, a 10.1% higher antibiotic 
prescribing rate was associated with an IRR of 0.959 (95% 
CI 0.926–0.992), meaning a 4.1% lower hospital admis-
sion rate. For SAIL- HES, this was 7.2% (IRR: 0.928; 95% 
CI 0.895 to 0.961) lower with the IQR of 10.7% higher 
antibiotic prescribing by GP practices.

The observed association varied by infection. In the 
combined analysis, the largest association was observed in 
LRTI (IRR: 0.839 (16.1%); 95% CI 0.803 to 0.876), UTI 
(IRR: 0.853 (95% CI 0.788 to 0.924); 14.7%) and URTI 
(IRR: 0.935 (95% CI 0.905 to 0.965); 6.5%) (figure 2). 
In patients with URTI, 14.9% (CPRD- HES) and 17.2% 

Table 3 Antibiotic prescribing rates for each common infection across practices included in CPRD (n=546), CPRD- HES 
(n=346) and SAIL (n=338).

  Mean % (SD) 5% 25% 50% 75% 95%

Upper respiratory tract infection (URTI);
URTI, cough or cold, sore throat

  CPRD 46.14 (11.71) 28.59 38.25 45.14 53.73 66.36

  CPRD- HES linked 43.74 (10.97) 28.88 38.17 45.15 53.09 63.97

  SAIL 43.37 (12.07) 24.83 34.57 42.88 51.76 63.43

Lower respiratory tract infection;
Excluding community acquired pneumonia

  CPRD 84.79 (8.89) 69.79 81.45 86.68 90.52 94.40

  CPRD- HES linked 85.24 (8.03) 70.89 81.90 86.80 90.57 94.68

  SAIL 78.11 (11.66) 55.47 71.56 80.45 86.69 93.17

Otitis externa

  CPRD 26.33 (8.98) 15.34 20.00 24.55 31.00 42.70

  CPRD- HES linked 26.52 (8.44) 15.34 20.13 25.16 31.37 41.57

  SAIL 29.57 (10.65) 14.92 22.03 28.71 34.89 48.5

Otitis media

  CPRD 78.10 (10.86) 58.35 73.05 80.27 86.09 91.57

  CPRD- HES linked 78.27 (9.83) 59.20 73.35 79.51 85.81 91.30

  SAIL 78.49 (11.81) 54.91 72.64 80.57 87.49 92.65

Sinusitis

  CPRD 84.97 (8.93) 67.89 82.48 87.13 90.29 94.43

  CPRD- HES linked 85.75 (7.88) 70.07 83.20 87.60 90.63 94.57

  SAIL 82.12 (9.91) 63.36 77.44 84.22 88.89 94.73

Urinary tract infection

  CPRD 85.90 (7.39) 74.01 82.96 87.28 90.98 93.72

  CPRD- HES linked 86.06 (6.40) 74.08 83.19 87.01 90.79 93.30

  SAIL 81.50 (10.30) 61.46 76.70 84.66 88.65 93.18

Rates are presented for six common infections. Proportion of consultations with antibiotics prescribed is presented with the mean percentage 
and the fifth to 95th percentile at practice level. The mean percentage of antibiotic prescribed in CPRD after a consultation for URTI was 
46.1%.
CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics; SAIL, Secure Anonymised Information Linkage.

https://dx.doi.org/10.1136/bmjopen-2020-041218
https://dx.doi.org/10.1136/bmjopen-2020-041218
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(SAIL- HES), higher antibiotic prescribing was associated 
with infection- related hospital admissions being lower by 
7.7% (0.923; 95% CI 0.879 to 0.969) and 5.6% (0.944; 
95% CI 0.905 to 0.984). LRTI was associated with a 14.2% 
(CPRD- HES, IRR: 0.858; 95% CI 0.808 to 0.911) and 18.2% 
(SAIL- HES, IRR: 0.818; 95% CI 0.767 to 0.872) lower inci-
dence for hospital admission when antibiotic prescribing 
was higher by 8.7% and 15.1%. In patients who consulted 
their GP for UTI, the incidence of hospital admission 
was 10.5% (IRR: 0.895 (95% CI 0.783 to 1.027) lower 
with 7.6% higher antibiotic prescribing (CPRD- HES). 
In SAIL- HES, 12.0% higher antibiotic prescribing for 
UTI was associated with lower incidence by 16.8% (IRR: 
0.832 (95% CI 0.755 to 0.919)). Patients aged 18–39 years 
old had the largest association for hospital admission 
(CPRD- HES: 0.884 (95% CI 0.823 to 0.949; IQR unit: 
10.88)) among the age categories (figure 3).

The number needed to treat with antibiotics to prevent 
one patient from developing infection- related complica-
tions was calculated over the 30- day follow- up period. The 
number needed to treat for patients with URTI at risk 
of hospital admission was 1164. For patients with LRTI 
and UTI, the number needed to treat was 417 and 484, 
respectively.

GP-recorded infection-related complications
Higher levels of antibiotic prescribing by GP practices 
were associated with lower incidence of infection- related 
complication as recorded by the GP. The incidence of 
GP- recorded infection- related complications reduced by 
16.9% (0.831; 95% CI 0.791 to 0.873) and 9.0% (0.910; 
95% CI 0.866 to 0.954) with an increase in antibiotic 
prescribing of 10.4% and 10.6% for CPRD and SAIL, 
respectively.

Evaluating the observed association by common infec-
tion separately found that URTI was associated with 

lower GP- recorded infection- related complications by 
20.4% (0.803; 95% CI 0.758 to 0.852) when antibiotic 
prescribing increased by 15.5% in CPRD. In SAIL, the 
observed reduction was 12.7% (0.873; 95% CI 0.832 to 
0.916) when antibiotic prescribing increased by 17.2%.

Antibiotic prescribing for LRTI being higher by 9.1% 
and 15.1% was associated with the incidence of GP- re-
corded infection- related complications being lower by 
16.2% (IRR: 0.838; 95% CI 0.786 to 0.895) and 5.5% (IRR: 
0.945; 95% CI 0.871 to 1.027) for CPRD and SAIL, respec-
tively. For UTI, the incidence of GP- recorded infection- 
related complications was similarly lowered across CPRD 
(15.6%; 0.844 (95% CI 0.770 to 0.926) (IQR unit: 8.01)) 
and SAIL (8.7%; 0.913 (95% CI 0.838 to 0.997) (IQR 
unit: 11.95)).

No effect modification by gender was observed in any 
of the datasets evaluated (figure 3). The effect was more 
obvious in younger patients. Patients aged 0–17 years had 
the largest association in GP- recorded infection- related 
complications in CPRD (22%; IRR: 0.780 (95% CI 0.725 
to 0.839); IQR: 12.05). Patients aged 0–17 years and 
40–59 years showed similar associations for both datasets 
(figure 3). Polynomials were fitted on a deciled antibi-
otic prescribing rate as a sensitivity analysis. First order 
polynomials best fitted the data and showed a downward 
linear trend from low to high prescribing (online supple-
mental appendix 2). An inverse association was found in 
an additional sensitivity analysis which paired URTI and 
LRTI with plausible subsequent infection- related compli-
cations, such as pneumonia and hospital admission for 
LRTI (online supplemental appendix 3. In patients who 
consulted their GP for LRTI, the incidence of a hospital 
admission with LRTI was 18% (0.820 (95% CI 0.765 to 
0.879)) lower with 8.7% higher antibiotic prescribing 
(CPRD- HES).

Figure 1 Incidence rate ratios and 95% CI of GP- recorded infection- related complications and hospital admissions comparing 
antibiotic prescribing at 75th to 25th percentile (IQR). Results are presented by data source. CPRD and SAIL effect estimates 
were combined using a frandom effect meta- analysis method. CPRD, Clinical Practice Research Datalink; HES, Hospital 
Episode Statistics; SAIL, Secure Anonymised Information Linkage.

https://dx.doi.org/10.1136/bmjopen-2020-041218
https://dx.doi.org/10.1136/bmjopen-2020-041218
https://dx.doi.org/10.1136/bmjopen-2020-041218
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DISCUSSION
This study found that higher levels of incident antibiotic 
prescribing by practices were associated with lower rates 

of hospital admission and GP diagnosed infection- related 
complications. Lower rate of poor clinical outcomes 
with higher levels of antibiotic prescribing was more 

Figure 2 Effect estimates (IRRs and 95% CI) of GP- recorded infection- related complications and hospital admissions. 
Analyses compared antibiotic prescribing at 75th and 25th percentile (IQR) by six common infections. The IRR for hospital 
admission after a consultation for URTI in CPRD- HES was 0.923. This means for a 14.9% increase in antibiotic prescribing 
the rate of hospital admission is reduced by 7.7%. CPRD, Clinical Practice Research Datalink; GP, general practitioner; HES, 
Hospital Episode Statistics; SAIL, Secure Anonymised Information Linkage.
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pronounced for URTI, LRTI and UTI but had no asso-
ciation with poor outcomes for otitis media and otitis 
externa. A higher level of incident antibiotic prescribing 

in younger patients was associated with better clinical 
outcomes, while no association was observed in patients 
over 40 years old.

Figure 3 Association of GP- recorded infection- related complications and hospital admissions comparing practice antibiotic 
prescribing at 75th and 25th percentile (IQR) by gender and age groups. Weights are from random effects analysis. CPRD, 
Clinical Practice Research Datalink; GP, general practitioner; HES, Hospital Episode Statistics; SAIL, Secure Anonymised 
Information Linkage.
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This is the first study to use two large primary care 
databases with linked hospitalisation data to evaluate the 
difference in hospital admission after common infec-
tions comparing high with low prescribing GP practices. 
The focus of this analysis was at practice level with the 
emphasis on evaluating governmental guidance on 
reducing overall prescribing. Practice- level prescribing 
proportion as a standardised antibiotic measure allows 
for comparing the range of GP prescribing within and 
between datasets with similar inclusion criteria. Other 
standard measures, such as age- adjusted and sex- adjusted 
STAR- PU (Specific Therapeutic group Age- sex Related 
Prescribing Unit) prescribing units, are available, 
although the research question here specifically focused 
on the reduction of overall antibiotic prescribing levels 
regardless of patient- mix within a practice. The study 
population was restricted to new antibiotic prescribing 
in patients with newly developed common infections. 
Including patients with more complex clinical scenarios, 
like repeated antibiotic users, complicates the estimation 
of the effect of interest. Past consultations and potential 
treatment for a common infection may be associated with 
future consultations, treatment and future outcomes of 
interest. This will lead to a problem when the outcome of 
interest cannot be related back to a single index visit and 
instead potentially to more than one visit. The results of 
this analysis can only be interpreted in the context of the 
incidental antibiotic user.

This practice- level analysis possibly simplifies the 
relationship between antibiotic prescribing rate and 
infection- related complications by aggregating data up 
to practice level and ignoring diversity in patient charac-
teristics within a practice. Some potential confounding 
at practice level may occur due to variation in patient 
population frailty even when characteristics have been 
accounted for at practice level.20 In addition, although 
this analysis attempted to adjust for several available 
factors that might influence the association investigated, 
missing data were present in some of the covariates. 
The analyses accounted for this by using a missing indi-
cator and the presence of missing data in the covariates 
could have influenced the estimates, although the large 
sample size and replication of the analysis in a second 
database (SAIL) gives weight to the interpretation of the 
results. There remains a potential for additional residual 
confounding by non- available covariates or other factors, 
such as quality of care, access to GPs and practices and 
availability of consultations, all of which have been linked 
to deprivation.21 22 However, without specific knowledge 
of a physician’s prescribing preference relative to guid-
ance, or qualitative data regarding patient care, it is not 
possible to evaluate the effects of these factors on the 
observed prescribing levels. Diagnoses are based on clin-
ical coding both in primary and secondary care and poten-
tial misclassifications or misdiagnoses in the underlying 
data could have occurred. Differences in coding practices 
for common infections among English GP practices has 
been evaluated previously and found to be problematic 

at times.4 As no data were available on infection severity 
or symptom scores, no conclusions can be drawn on the 
appropriateness of antibiotics prescribed. This analysis 
was based on digital patient charts without access to free 
text due to GDPR rules as this poses a possible patient 
identification risk. Digital patient charts are automatically 
generated and transferred to the database. In addition, a 
small proportion of prescribing may be attributable to out 
of hours prescribing where coding of these consultation 
or prescriptions into the patient’s record is performed 
afterwards and therefore subject to error and misclassi-
fication, potentially leading to an overestimation of the 
observed association.

The incidence rates of the clinical outcomes were 
different between SAIL and CPRD, with higher rates 
in Wales. There has been a measles epidemic in Wales 
recently that may partly explain these differences. 
However, this remains speculative. Infections are often 
localised and infection rates differ between locations. 
In addition, another possible explanation could be that 
this difference is due to coding behaviour. However, the 
level of data available does not allow in- depth investiga-
tion into this difference. The NNTs presented are related 
to the 30- day follow- up window. They may appear large 
and initial clinical relevance uncertain. UK guidance 
for initiating statin use states those with a 10- year risk of 
10%–19% are eligible. Converting this 10- year risk to a 
30- day estimated NNT gives an NNT of 1139 (10%) and 
569 (19%). These NNTs are similar to those presented in 
this analysis and have led to a change in clinical practice 
and prescribing behaviour.

Those with weaker immune systems, the very young 
and very old, have an elevated susceptibility to infections 
that may increase their antibiotic use and risk of related 
complications.23 Analysis performed by age group showed 
that higher levels of antibiotic prescribing were associ-
ated with reduced infection- related complications in 
younger patients. Higher levels of antibiotic prescribing 
were not associated with lower rates of infection- related 
complications in patients aged 60+ years. A possible 
explanation for this is that increased lifetime exposure 
and repeated use of antibiotics could reduce antibiotic 
effectiveness, for example, due to altered pharmacoki-
netics.24 Recent research reported reduced effectiveness 
of antibiotics with repeated use over several years.13 A 
literature review by Costelloe et al9 found that individ-
uals who were prescribed an antibiotic for respiratory or 
UTIs develop bacterial resistance that was detectable for 
up to 12 months. Similar association has been reported 
recently for resistant blood stream infection after UTI 
prescribing.25 However, further research is needed to 
assess any age effect in the effectiveness of antibiotics. 
Another reason may be that GPs may be more hesitant 
to withhold antibiotics from older patients to avoid 
under- treatment, leading to seeing a greater response in 
younger patients at higher prescribing rates.

The more antibiotics prescribed, the higher the GP reat-
tendance rates for common infections and subsequently 
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the larger the represcribing antibiotic rate becomes.26 A 
randomised trial involving 34 general practices following 
the STAR educational programme saw reductions in 
overall levels of antibiotic prescribing in the intervention 
group.27 Hospital admission for RTIs and complications 
increased by 1.9% in the intervention group, suggesting 
that reduced antibiotic prescribing may increase hospital 
admission. However, this result was not found to be statis-
tically different and had limited statistical power.

UK initiatives have included the TARGET toolkit and 
the Quality Premium (QP) to reduce overall levels of anti-
biotic use.27–29 The QP was introduced in April 2015 and 
provided a financial incentive to Clinical Commissioning 
Groups to reduce antibiotic prescribing rates. A signif-
icant 3% reduction in antibiotic prescribing rate was 
observed after this initiative was introduced, with greatest 
reduction in children.30 Reducing antibiotic prescribing 
rates may be good for antibiotic resistance but as shown 
here could potentially cause more infection- related 
complications. Antibiotic prescribing requires a careful 
balance; with each prescription to treat and reduce the 
risk of infection- related complications, the chance of 
developing resistant infections increases for individual 
patients and drives AMR risk for the wider community. 
With the current aim to reduce antibiotic prescribing in 
the community in the UK by 25% from the 2013 base-
line, particular focus is required to understand individual 
patient risk, reducing inappropriate prescribing and 
monitor infection- related complications. For patients 
with LRTI in primary care, Moore et al31 modelled a 
predictive value of the risk of patients developing serious 
outcomes including hospital admission. Such a direct 
approach, together with delayed prescribing strategies32 
are suggested to target prescribing to those most likely 
to develop complications and reduce overall prescribing.

A Cochrane review of 27 trials on antibiotics for sore 
throat found that antibiotics prevented complications 
(acute rheumatic fever, glomerulonephritis, otitis media 
and sinusitis) in patients (NNT to benefit=200), but the 
rate of complications was low (approximately 0.7%) and 
the benefit of antibiotic prescribing may not always be 
clear.33 Similarly, another Cochrane review focused on 
antibiotics for acute otitis media in children found that 
serious complications, such as mastoiditis and meningitis, 
were rare (3/3000 children).34 Both reviews highlighted 
the inability to predict which patients are at risk of devel-
oping complications. Clinical tools such as the FeverPAIN 
score and Centor criteria are used to guide antibiotic 
treatment for acute sore throat. However, Little et al35 
concluded that clinical scores such as FeverPAIN were of 
limited value in predicting clinical complications.

In conclusion, lower levels of practice level antibiotic 
prescribing were associated with higher levels of infection- 
related complications and hospital admissions. Identi-
fying and developing accurate clinical tools for predicting 
which patients are at risk of complications requires much 
needed further research. To improve patient outcomes 
and reduce the risk of avoidable complications, there is a 

need to target patients most likely to benefit from effec-
tive, safe prescribing, based on shared decision making.
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