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Background: Clostridioides difficile infection (CDI) is a healthcare-acquired infection (HAI) causing significant
morbidity and mortality. Welsh CDI rates are high in comparison with those in England and Scotland.

Objectives: This retrospective ecological study used aggregated disease surveillance data to understand the im-
pact of total and high-risk Welsh GP antibiotic prescribing on total and stratified inpatient/non-inpatient CDI
incidence.

Methods: All cases of confirmed CDI, during the financial years 2014–15 to 2017–18, were linked to aggregated
rates of antibiotic prescribing in their GP surgery and classified as ‘inpatient’, ‘non-inpatient’ or ‘unknown’ by
Public Health Wales. Multivariable negative-binomial regression models, comparing CDI incidence with antibiotic
prescribing rates, were adjusted for potential confounders: location; age; social deprivation; comorbidities
(estimated from prevalence of key health indicators) and proton pump inhibitor (PPI) prescription rates.

Results: There were 4613 confirmed CDI cases, with an incidence (95% CI) of 1.44 (1.40–1.48) per 1000 regis-
tered patients. Unadjusted analysis showed that an increased risk of total CDI incidence was associated with
higher total antibiotic prescribing [relative risk (RR) (95% CI) = 1.338 (1.170–1.529) per 1000 items per 1000 spe-
cific therapeutic group age-sex related GP prescribing units (STAR-PU)] and that high-risk antibiotic classes were
positively associated with total CDI incidence. Location, age �65 years and diabetes were associated with
increased risk of CDI. After adjusting for confounders, prescribing of clindamycin showed a positive association
with total CDI incidence [RR (95% CI) = 1.079 (1.001–1.162) log items per 1000 registered patients].

Conclusions: An increased risk of CDI is demonstrated at a primary care practice population level, reflecting their
antibiotic prescribing rates, particularly clindamycin, and population demographics.

Introduction

Clostridioides difficile is a bacterium that colonizes the bowel in
approximately 5% of adults.1 In those who develop symptomatic
C. difficile infection (CDI), diarrhoea, fever and abdominal pain are
common. The majority of reported CDI cases are related to a
hospital or care-home stay; however, recent studies indicate that
the incidence of community-associated C. difficile infection
(CA-CDI) is increasing and may account for up to 30% of all CDI
cases.2,3 CA-CDI population-based studies report similar risk
factors to hospital-associated (HA-CDI) studies; however, there
have been key differences reported, with CA-CDI cases linked to
younger patients and less severe illness.3

Surveillance data in Wales indicate that CDI rates are high in
comparison with England and Scotland: 36.7 CDI per 100 000
population in Wales compared with 23.9 CDI per 100 000 in
England and 30.1 CDI per 100 000 in Scotland (2017).4–6 CDI in
hospitalized patients results in poorer patient outcomes, increased
length of hospital stay and treatment costs.7,8 CDI has a significant
effect on patient morbidity and mortality, associated with 30 day
all-cause mortality rates of 9%–38% and attributable mortality
rates of 5.7%–6.9%.9

Risk factors for CDI include antimicrobial exposure, age,
proton pump inhibitor (PPI) exposure, previous stay in hospital/
nursing home and comorbidities such as hypertension.2,10,11
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The epidemiology of C. difficile may be shaped by a range of
environmental factors such as high hospital bed occupancy
rates;12 however, evidence from a broad range of studies
supports the central role of antibiotic use as the key driver of
symptomatic CDI.13

Associations between broad-spectrum antibiotic use and CDI
have been consistently reported.14–16 Broad-spectrum antibiotics
are likely to disrupt the microbial ecology of the gut, leading to an
overgrowth of pre-existing previously asymptomatic C. difficile or a
newly acquired organism. Antibiotic stewardship is now a core
component of national responses to CDI. Current Welsh govern-
ment policy encourages prudent and appropriate use of antibiot-
ics.17 In primary care, this may be interpreted as encouraging low
rates of antibiotic prescribing by raising the threshold for initiation
of antibiotics or by delaying prescription. Recent research provides
strong evidence that the declines in CDI observed in England are
associated with changes in antibiotic use, particularly fluoroquino-
lone usage.13

Primary care antibiotic prescribing rates are falling; from
2013–14 to 2017–18, Welsh primary care prescribing saw an
11.9% reduction in the total number of items dispensed.18

Stewardship of particular broad-spectrum antimicrobials associ-
ated with a high risk of CDI is recommended to reduce the number
of patients predisposed to CDI and lower transmission rates.19

The four broad-spectrum antibiotics targeted by stewardship
programmes, collectively called the ‘4C antimicrobials’, are
cephalosporins, clindamycin, ciprofloxacin and co-amoxiclav.20

The epidemiology of C. difficile is complex; observed patterns
of disease may be due to the individual or combined effects of (i)
outbreaks in healthcare settings; (ii) exposure to environmental
sources of C. difficile; and (iii) triggering of recently acquired or
long-term colonization by exposure to factors such as antibiotics
that disrupt the gut microbiota.

The primary objective of this study was to understand the im-
pact of total and high-risk Welsh GP antibiotic prescribing on total
CDI incidence, with a secondary aim of stratifying CDI incidence by
inpatient and non-inpatient cases.

Methods
This was a retrospective ecological study of the incidence of CDI across
Wales between the financial years 2014–15 and 2017–18 including all
cases of laboratory-confirmed CDI, from routine surveillance data collated
by Public Health Wales every financial year,21 linked to aggregated rates of
antibiotic prescribing in the GP surgery at which the patient was registered.

Data sources and linkage
All glutamate dehydrogenase (GDH)-positive/toxin-positive CDI cases
reported to the national surveillance system for C. difficile infection were
provided by Public Health Wales including, when available, the GP surgery
at which the case was registered. Following linkage of patients to practices,
and subsequent linkage of relevant practice-level data, the data were ano-
nymized prior to analysis, including anonymizing the practice and health
board in which the practice was based. Classification of patients into ‘in-
patient’, ‘non-inpatient’ or ‘unknown’ was part of routine Public Health
Surveillance activity using the following definitions: an ‘inpatient’ was asso-
ciated with a sample submitted from a hospital inpatient location irrespect-
ive of specimen timing in relation to admission date. A ‘non-inpatient’
originated from a non-inpatient setting (GP, hospital, A&E or admission
units, with no assessment being made of time elapsed since admission).

For patients with more than one positive sample in a financial year, the first
positive result for any one patient was selected. CDI cases were excluded if
the patients were registered with a practice outside Wales or the practice
was unknown.

The number of CDI cases for patients registered at each of the Welsh GP
surgeries was aggregated for each financial year (2014–15, 2015–16,
2016–17, 2017–18). The GP location for each patient was obtained from
the Welsh demographic system using the patient’s NHS number and GP
surgery, allocated by Public Health Wales and the NHS Wales Informatics
Service (NWIS).

Rates of antibiotic prescribing by practice were obtained from the Welsh
pharmacy database Comparative Analysis System for GP Prescribing Audit
(CASPA). Data were collated for all antibiotics and separately for those
classes considered a high risk for CDI (cephalosporins, quinolones, co-
amoxiclav and clindamycin). Total antibiotics were collated as items per
1000 specific therapeutic group age/sex-related GP prescribing units (STAR-
PU); separate classes were collated as items per 1000 patients registered at
the practice. The STAR-PU is a measure weighted to reflect the age and
gender mix of the practice and specific drug type.18 Antibiotic GP prescribing
was collated by financial year. Rates of PPI prescription were obtained as
defined items per 1000 registered patients.

Attributes relating to GP surgeries and rates of CDI were collated inde-
pendently for each of the four financial years. Practice population size data
were obtained from the CASPA GP prescribing database for each financial
year. Mergers and changes in practice structure over the 4 years explained
the practice population variation during the analysis period. Data regarding
the percentage of patients aged�65 years, in each practice, was obtained
from the Public Health Wales Observatory. The social deprivation character-
istic of each practice was estimated by the percentage of the practice popu-
lation in the most deprived 40% of Wales lower super output area using
the 2014 version of the Welsh indices of multiple deprivation and was used
for subsequent study years.

The level of comorbidities of the practice populations was estimated
from disease and risk behaviour-specific prevalence rates reported as part
of the general medical services contract Quality and Outcome Framework
(QOF). Data were extracted separately for each of the four periods due to
variation in GP surgery profile between time periods. The following practice-
level prevalence indicators were included in initial analyses: patients with
COPD; patients ever diagnosed with established hypertension; and patients
at least 17 years old diagnosed with a specified diabetes and by type. QOF
data were generally available for 2014–15 and 2015–2016 but less so for
2016–17 and no data available for 2017–18 due to relaxed NHS Wales data
capture requirements.22 Where data were missing for later years, previous
practice measures were imputed using a last-one-carried-forward (LOCF)
method.23 This assumes that practice population indicators remain similar
between years.

Ethics and data storage
The study did not require ethical approval as it used data on CDI cases per
GP surgery, delinked from any identifiable individual patient, and publicly
available GP practice-level data. In addition, GP surgery identity and health
board were anonymized within the analysis dataset. Data are stored on a
secure server of the University of Bristol, with access limited to a small
number of study team members. This process was cleared by the Public
Health Wales Information Governance team. Public Health Wales collates
C. difficile data on an all-Wales basis for ongoing surveillance purposes.

Statistical analysis
Negative-binomial regression models investigated the association between
practice-level antibiotic GP prescribing and the outcome of CDI incidence in
Welsh GP surgeries. Primary analysis assessed the association between
total CDI incidence (inpatient/non-inpatient cases combined) and total and
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high-risk practice-level antibiotic prescribing. The associations with poten-
tial confounding variables (financial year, health board, age, social depriv-
ation, PPI use, COPD, diabetes and hypertension) were examined and
adjusted for in regression models. Boxplots were used to visualize differen-
ces in both inpatient and non-inpatient CDI incidences by quartiles of GP
prescribing level.

For the primary analysis, a model including interaction terms between
CDI case source (inpatient/non-inpatient) and all other covariates was
examined. Backward selection was performed to identify any statistically
significant terms. Interaction tests were used to examine the differences
amongst CDI case source (inpatient or non-inpatient) and some covariates.
The results of these interaction tests motivated a secondary analysis of CDI
incidence, with stratification of inpatient and non-inpatient cases, modelled
against total and high-risk antibiotic GP prescribing.

Natural log transformations were applied to prescribing rates for co-
amoxiclav, cephalosporins, clindamycin and quinolones, as the distribution
of rates were heavily skewed, therefore the units are expressed as log items
per 1000 registered patients. Incidence rates are presented with 95% CIs,
calculated using Byar’s approximation.24 Statistical analysis was performed
using R 3.5.1.

Results

CDI incidence and antibiotic prescribing summary

There were 4613 total confirmed CDI cases from 2014–15 to
2017–18 linked to GP surgeries over seven Welsh health boards,
serving a population of over 3 million: incidence (95% CI) was 1.44
(1.40–1.48) cases per 1000 registered patients. The number of in-
patient and non-inpatient cases were 2580 (61.8%) and 1763
(38.2%), with incidences (95% CI) per 1000 patients of 0.89
(0.86–0.92) and 0.55 (0.53–0.58), respectively. There was a 15.6%
decrease in total CDI incidence from 2014–15 to 2017–18, from
0.40 (0.38–0.43) to 0.34 (0.32–0.36) cases per 1000 registered
patients; however, 2017–18 showed a 7.6% increase in CDI inci-
dence relative to 2016–17. The inpatient and non-inpatient split of
CDI cases remained largely unchanged throughout the study
period (Table 1).

Median total antibiotic prescribing rates fell by 11.3% from
2014–15 to 2017–18 and consistently decreased each year.
Prescribing rates for co-amoxiclav, cephalosporins and quinolones
also decreased during this time with co-amoxiclav and cephalo-
sporins displaying similar median prescribing rates throughout
(29.22 and 27.15 items per 1000 in 2014–15 then 20.65 and 18.45
items per 1000 in 2017–18), whereas the rate of quinolone pre-
scribing was lower (14.49 items per 1000 in 2014–15 then 12.39
items per 1000 in 2017–18). In comparison with all other high-risk

antibiotic groups, clindamycin was rarely prescribed; however, it
was the only antibiotic group seen to increase each year (0.75
items per 1000 in 2014–15 then 1.04 items per 1000 in 2017–18)
(Table 2). The overall total GP antibiotic prescribing rates varied
between surgeries and years; the median (IQR and min–max)
prescribing rate was 1272 (1077–1450 and 374–2677) items per
1000 STAR-PU from 2014–15 to 2017–18. Overall high-risk
antibiotic prescribing also varied between surgeries and years,
with minimum GP prescribing rates of <1 item per 1000 for all four
high-risk antibiotics. Co-amoxiclav, cephalosporin, clindamycin
and quinolone median (IQR and min–max) prescribing rates were
23.3 (15.6–33.7 and 0.6–226.8), 22.2 (13.4–33.8 and 0.00–143.7),
0.9 (0.4–2.0 and 0.00–14.1) and 13.3 (9.6–17.5 and 1.0–67.6)
items per 1000 registered patients, respectively.

Total CDI incidence

Unadjusted models for the primary analysis showed increased risk
of total CDI incidence with increasing percentage of practice popu-
lation comorbidities [for a 1% increase in the percentage of the
practice population with COPD, relative risk (RR) (95% CI) = 1.173
(1.120–1.230); with diabetes, RR (95% CI) = 1.152 (1.114–1.191);
and with hypertension, RR (95% CI) = 1.055 (1.043–1.068)].
An increased risk in total CDI was also associated with increasing
percentage of patients aged �65 years [RR (95% CI) = 1.037
(1.029–1.045)] and PPI prescribing (per 1000 items per 1000
patients) [RR (95% CI) = 1.018 (1.011–1.025)] (Table 3).

Total CDI incidence was associated with higher total antibiotic
prescribing [RR (95% CI) = 1.338 (1.170–1.529) per 1000 items per
1000 STAR-PU] (Table 3). High-risk antibiotic classes were also
seen to be positively associated with total CDI incidence; co-amox-
iclav, clindamycin, cephalosporins and quinolones presented a
12.0%, 14.9%, 24.6% and 28.0% increase in risk of CDI per unit in-
crease in log items per 1000 registered patients (Table 4).

The fully adjusted model for the primary analysis showed
diminished effects and wider 95% CIs for total CDI incidence with
total antibiotic prescribing [RR (95% CI) = 1.141 (0.971–1.340) per
1000 items per 1000 STAR-PU]. Higher percentage of practice
population aged �65 years and with diabetes were both associ-
ated with increased total CDI incidence, and varied between
health boards and financial years (Table 3). Higher prescribing of
clindamycin was associated with high total CDI incidence [RR (95%
CI) = 1.079 (1.001–1.162) per log items per 1000 registered
patients] in the fully adjusted model. The other high-risk antibiotics
(co-amoxiclav, cephalosporins and quinolones) showed positive

Table 1. CDI incidence rates by financial year

Financial year

2014–15 2015–16 2016–17 2017–18

CDI cases (95% CI) per 1000

registered patients

Total 0.403 (0.381–0.425) 0.381 (0.360–0.403) 0.316 (0.297–0.336) 0.340 (0.320–0.361)

Inpatient 0.257 (0.240–0.275) 0.232 (0.215–0.249) 0.195 (0.180–0.211) 0.206 (0.191–0.222)

Non-inpatient 0.146 (0.133–0.160) 0.149 (0.136–0.163) 0.121 (0.110–0.134) 0.134 (0.122–0.147)

GP surgeries, n 460 451 439 426
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Table 2. Antibiotic prescribing rates for total antibiotics, co-amoxiclav, cephalosporins, clindamycin and quinolones by financial year

Antibiotics

Financial year

2014–15 2015–16 2016–17 2017–18

Total, median (IQR) items per 1000 STAR-PU 1353 (1157–1557) 1278.6 (1081.6–1453.6) 1230.4 (1049.3–1392.1) 1199.8 (1043.7–1363.0)

Co-amoxiclav, median (IQR) items per 1000

registered patients

29.22 (19.20–41.26) 23.81 (15.76–33.97) 21.59 (14.73–30.14) 20.65 (14.04–27.95)

Cephalosporins, median (IQR) items per 1000

registered patients

27.15 (18.27–40.27) 23.65 (14.74–34.59) 20.81 (12.12–29.70) 18.45 (11.04–27.86)

Clindamycin, median (IQR) items per 1000

registered patients

0.75 (0.27–1.81) 0.88 (0.31–1.84) 0.97 (0.44–2.08) 1.04 (0.39–2.02)

Quinolones, median (IQR) items per 1000

registered patients

14.49 (10.77–19.12) 13.13 (9.62–17.33) 12.97 (9.59–16.73) 12.39 (8.82–16.77)

Table 3. Unadjusted and adjusted RRs of total CDI incidence compared with total antibiotic prescribing

Unadjusted Adjusted

RR (95% CI) RR (95% CI) P value

Total antibiotics (per 1000 items per

1000 STAR-PU)

1.3375 (1.1696–1.5293) 1.1413 (0.9714–1.3404) 0.108

Financial year

2014–15 1 1 —

2015–16 0.9453 (0.8518–1.0490) 0.9397 (0.8518–1.0365) 0.214

2016–17 0.7901 (0.7095–0.8798) 0.7823 (0.7056–0.8672) <0.001

2017–18 0.8388 (0.7541–0.9330) 0.8257 (0.7455–0.9144) <0.001

Health boards (1–7) — — <0.001

Patients aged�65 years (per 1% increase) 1.0370 (1.0293–1.0447) 1.0269 (1.0134–1.0407) 0.001

Social deprivation score (per 1% increase) 0.9995 (0.9980–1.0009) 1.0002 (0.9980–1.0025) 0.856

PPI (per 1000 items per 1000 patients) 1.0175 (1.0105–1.0246) 0.9967 (0.9877–1.3404) 0.481

COPD (per 1% increase) 1.1732 (1.1196–1.2292) 1.0594 (0.9906–1.1322) 0.093

Diabetes (per 1% increase) 1.1518 (1.1138–1.1913) 1.0609 (1.0023–1.1227) 0.039

Hypertension (per 1% increase) 1.0550 (1.0426–1.0676) 1.0051 (0.9841–1.0264) 0.639

Unadjusted models include only one predictor variable (univariate analysis). Adjusted models are adjusted for financial year, health board, percent-
age of patients aged �65 years, social deprivation score (percentage of registered patients living in the most deprived areas), PPI (per 1000 items per
1000 registered patients) and percentage of patients with COPD, diabetes and hypertension.

Table 4. Unadjusted and adjusted RR of total CDI incidence compared with rates of pre-defined high-risk antibiotic groups

Unadjusted Adjusted

High-risk antibiotic GP prescribing (log items per 1000) RR (95% CI) RR (95% CI) P value

Co-amoxiclav 1.1200 (1.0451–1.2005) 1.0803 (0.9993–1.1682) 0.054

Cephalosporins 1.2456 (1.1715–1.3250) 1.0638 (0.9858–1.1485) 0.111

Clindamycin 1.1485 (1.0707–1.2319) 1.0787 (1.0014–1.1618) 0.046

Quinolones 1.2798 (1.1690–1.4015) 1.0125 (0.9180–1.1168) 0.805

Adjusted models are adjusted for financial year, health board, percentage of patients aged �65 years, social deprivation score (percentage of regis-
tered patients living in the most deprived areas), PPI (per 1000 items per 1000 registered patients) and percentage of patients with COPD, diabetes
and hypertension.
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associations with total CDI incidence; however, results were
weaker with wider 95% CIs [RR (95% CI) = 1.080 (0.999–1.168),
1.063 (0.986–1.149) and 1.013 (0.918–1.117), respectively] (Table
4).

An interaction model for total CDI incidence showed the
relationship with inpatient or non-inpatient cases to vary for
deprivation and health board (tests for interaction P = 0.034 and
P < 0.001, respectively). Figure 1(a and b) shows that inpatient
and non-inpatient CDI incidence varied between health boards
and over time; however, the health boards were not consistent
with one another.

Stratified CDI incidence

The secondary analysis showed inpatient CDI to be weakly associ-
ated with total antibiotic prescribing (per 1000 items per 1000
STAR-PU) [RR (95% CI) = 1.101 (0.907–1.335)], with non-inpatient
CDI incidence showing similar, but slightly higher, results [RR (95%
CI) = 1.213 (0.942–1.560)]. Inpatient CDI incidence showed an

association with financial years. Each year was lower in compari-
son with 2014–15; however, this was not seen for non-inpatient
cases. Inpatient CDI incidence was also seen to be associated with
the percentage of the practice population with diabetes and
aged �65 years [RR (95% CI) = 1.079 (1.008–1.155) and 1.034
(1.018–1.050), respectively] (Table 5).

There was a positive association with all high-risk antibiotic
groups for both inpatient and non-inpatient CDI cases, apart from
non-inpatient cases with quinolone prescribing. Estimates were
consistent for inpatients/non-inpatients and comparable with
total CDI estimates, although with wider 95% CIs (Table 6).

A gradual increase in median inpatient CDI incidence was
observed in the boxplot in Figure 2, across increasing quartiles of
high-risk antibiotic (co-amoxiclav, cephalosporin, clindamycin
and quinolone) prescribing (quartile 1–quartile 4), with quartile 4
showing the widest variability. For non-inpatient CDI there was an
increase in median incidence from quartile 1 prescribing compared
with all other prescribing categories (quartile 2, quartile 3 and
quartile 4) for all high-risk antibiotic classes (Figure 3).

Discussion

Key findings

This retrospective ecological study in Wales confirmed the hypoth-
esis that overall GP surgery-level antibiotic prescribing rates were
associated with an elevated risk of CDI. Unadjusted analysis
showed a higher risk of total CDI incidence with total practice anti-
biotic prescribing [RR (95% CI) = 1.337 (1.170–1.529) per 1000
items per 1000 STAR-PU]; however, this effect was lower after
adjusting for practice demographic covariates [RR (95% CI) = 1.141
(0.971–1.340)]. This approximates to a 10% increase in risk of CDI
between first- and third-quartile prescribers in 2017–18. Even after
accounting for practice demographics, there could still be a 5% in-
crease in risk. Higher total CDI incidence was associated with high
percentages of practice population aged �65 years and with dia-
betes. Incidence also varied between health boards and decreased
between 2014–15 and 2017–18. An increased risk of total CDI
incidence was associated with antibiotic groups known to be high
risk for CDI (co-amoxiclav, clindamycin, quinolones and cephalo-
sporins) in the unadjusted analysis. An elevated risk of CDI was
associated with clindamycin after adjusting for covariates [RR
(95% CI) = 1.079 (1.001–1.162) per log items per 1000 registered
patients], relating to a 4% increased risk between first- and third-
quartile prescribers in 2017/18. Effects weakened for all other
high-risk groups after adjusting for confounders. The secondary
analyses indicated an increased risk of both inpatient and non-in-
patient CDI associated with higher total antibiotic prescribing.
High-risk antibiotic groups also suggested increased risk for both
inpatient and non-inpatient CDI. Evidence was weaker in the
secondary analyses as statistical power was lost by stratification.

Comparative analysis

There was an overall incidence rate of 1.44 (95% CI 1.40–1.48) per
1000 patients for total CDI, across four financial years. Yearly total
CDI incidence decreased by 15.6% from 2014–15 to 2017–18 but
increased between 2016–17 and 2017–18. Overall, antibiotic pre-
scribing rates fell by 11.3% from 2014–15 to 2017–18, comparable
with Public Health Wales reports, presumably in response to

Figure 1. Health board CDI incidence per 1000 registered patients by
financial year (2014–15 to 2017–18). (a) Inpatients; (b) non-inpatients.
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antibiotic stewardship efforts.18 Prescribing rates of high-risk anti-
biotics also decreased during this time, by 29.3%, 32.0% and
14.5% for co-amoxiclav, cephalosporins and quinolones, respect-
ively. Clindamycin prescribing rates were seen to be low (�1.04
item per 1000 registered patients) for each financial year, reflect-
ing restricted indications in primary care guidelines; however, they
increased by 38% from 2014–15 to 2017–18 (0.75 items per 1000
to 1.04 items per 1000). The reasons for this isolated increase are
not clear. Common reasons for prescribing clindamycin include
skin and soft tissue infection (including MRSA) and diabetic foot in-
fection, particularly in the context of penicillin allergy, for which al-
ternative appropriate antibiotics could be considered.19,25 Penicillin
allergies may provide the reasoning behind high-risk antimicrobial
prescribing such as clindamycin; however, inaccurate records of
penicillin allergies can lead to unnecessary prescribing of such anti-
biotics.26 Patients with a noted penicillin allergy are more likely to
be prescribed clindamycin and experience worse health out-
comes.27 Penicillin allergies show an increased risk of MRSA and

C. difficile [HR (95% CI) = 1.69 (1.51–1.90) and 1.26 (1.12–1.40), re-
spectively] alongside increased use of macrolides, clindamycin
and fluoroquinolones.28 Improving the accuracy of recording peni-
cillin allergy labels may be a good target for improving antibiotic
stewardship and, in turn, affecting incidence of C. difficile.

The risks of CDI associated with the 4C antibiotic group are
widely recognized and considered in antibiotic stewardship frame-
works.29 A meta-analysis of the association between CA-CDI and
antibiotics identified clindamycin to have the strongest association
with CA-CDI [OR (95% CI) = 20.43 (8.50–49.09), followed by
fluoroquinolones and cephalosporins [5.65 (4.38–7.28) and 4.47
(1.60–12.50), respectively].30 The impact of the lasting effects of
4C prescribing can be seen in the risk of CA-CDI; a population-based
case–control study on the cumulative and temporal effects of
antimicrobial prescribing on CA-CDI showed that individuals
exposed to�29 DDDs of any high-risk antimicrobial (cephalospor-
ins, clindamycin, co-amoxiclav and quinolones) had an OR
(95% CI) of 17.9 (7.6–42.2).14 Hence, these studies reiterate the

Table 5. Adjusted RRs of inpatient and non-inpatient CDI incidence compared with total antibiotic prescribing

Inpatients Non-inpatients

RR (95% CI) P value RR (95% CI) P value

Total antibiotics (per 1000 items per 1000 STAR-PU) 1.1010 (0.9070–1.3353) 0.329 1.2128 (0.9418–1.5596) 0.13

Financial year

2014–15 1 — 1 —

2015–16 0.8884 (0.7902–0.9987) 0.0479 1.0340 (0.8872–1.2051) 0.668

2016–17 0.7482 (0.6613–0.8462) <0.001 0.8430 (0.7171–0.9906) 0.037

2017–18 0.7785 (0.6889–0.8795) <0.001 0.9173 (0.7824–1.0752) 0.287

Health boards (1–7) — — <0.001

Patients aged�65 years (per 1% increase) 1.0339 (1.0176–1.0504) — 1.0152 (0.9941–1.0367) 0.161

Social deprivation score (per 1% increase) 1.0014 (0.9987–1.0041) 0.297 0.9985 (0.9950–1.0020) 0.39

PPI (per 1000 items per 1000 patients) 0.9981 (0.9871–1.0092) 0.734 0.9946 (0.9804 –1.0090) 0.453

COPD (per 1% increase) 1.0532 (0.9712–1.1411) 0.21 1.0608 (0.9536–1.1782) 0.274

Diabetes (per 1% increase) 1.0794 (1.0082–1.1552) 0.027 1.0317 (0.9437–1.1272) 0.488

Hypertension (per 1% increase) 0.9949 (0.9700–1.0203) 0.329 1.0240 (0.9906–1.0582) 0.158

Adjusted models are adjusted for financial year, health board, percentage of patients aged �65 years, social deprivation score (percentage of regis-
tered patients living in the most deprived areas), PPI (per 1000 items per 1000 registered patients) and percentage of patients with COPD, diabetes
and hypertension.

Table 6. Adjusted RRs of inpatient and non-inpatient CDI incidence associated with rates of pre-defined high-risk antibiotic groups

Inpatient CDI incidence Non-inpatient CDI incidence

log items per 1000 RR (95% CI) P value RR (95% CI) P value

Co-amoxiclav 1.0768 (0.9804–1.1834) 0.124 1.0785 (0.9546–1.2197) 0.230

Cephalosporins 1.0634 (0.9700–1.1665) 0.189 1.0655 (0.9466–1.2007) 0.298

Clindamycin 1.0827 (0.9902–1.1837) 0.081 1.0716 (0.9540–1.2035) 0.242

Quinolones 1.0268 (0.9121–1.1562) 0.663 0.9873 (0.8478–1.1504) 0.869

Adjusted models are adjusted for financial year, health board, percentage of patients aged �65 years, social deprivation score (percentage of regis-
tered patients living in the most deprived areas), PPI (per 1000 items per 1000 registered patients) and percentage of patients with COPD, diabetes
and hypertension.
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importance of monitoring primary care antibiotic prescribing as
small changes, such as a rise in clindamycin prescribing, could pre-
sent serious problems.

This study reports 38% of all cases as non-inpatient and 62% as
inpatient. Inpatient CDI incidence decreased over the study period,
with slight increases in 2017–18; however, non-inpatient CDI
incidence fluctuated throughout this time. A study showing that a
reduction of 10% in outpatient antibiotic prescribing could lead to
a 17% (95% CI 6%–29.3%) decrease in CA-CDI highlighted a gap in
the literature describing population-level impact of antibiotic use
on CA-CDI.31 Other work, modelling inpatient and outpatient anti-
biotic stewardship interventions in a regional healthcare network,
suggested that a 30% reduction in inpatient and outpatient anti-
biotic prescribing could lead to a 17% decrease in healthcare-onset
(HO) CDI and a 7% reduction in CA-CDI.32

Limitations

A limitation of this study is that the inpatient/non-inpatient
definition of CDI cases may not robustly measure the actual expo-
sures to the healthcare system prior to disease presentation; for

example, a patient who had recently been hospitalized, dis-
charged and then presented at an emergency department would
be classified as a non-inpatient.

Strengths

Individual-level studies have shown the risks associated with anti-
biotics and 4C prescribing in the community and hospitals;14,30,33

however, we believe this to be one of the few to report this associ-
ation at a population-based ecological level. Although the associa-
tions shown at this level of analysis are less striking, the evidence
of any relationship between primary care antibiotic prescribing
and risk of CDI, particularly after accounting for differing patient
demographics, is important.

Conclusions

In conclusion, this study shows that, even with high variability
GP-level prescribing data, an increased risk of CDI can be seen to
reflect antibiotic prescribing rates, particularly clindamycin, and
demonstrates the continuing importance of antibiotic stewardship
by prescribers.

Figure 2. Inpatient CDI incidence per 1000 registered patients by quartiles (Q) of each high-risk antibiotic group prescribing rates (Q1–Q4) at Welsh
GP surgeries (log items per 1000 registered patients). Q1 represents the GP surgeries with the lowest 25% prescribing rates for each high-risk antibiot-
ic and Q4 represents those with the highest 25% prescribing rates.
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