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ABSTRACT
Objectives Infections in primary care are often treated 
with non- steroidal anti- inflammatory drugs (NSAIDs). This 
study evaluates whether NSAID prescribing is associated 
with adverse outcomes for respiratory (RTIs) or urinary 
track (UTI) infections.
Objectives To determine whether there is an association 
between NSAID prescribing and the rate of adverse 
outcomes for infections for individual consulting in primary 
care.
Design Cohort study of electronic health records.
Setting 87 general practices in the UK Clinical Practice 
Research Datalink GOLD.
Participants 142 925 patients consulting with RTI or UTI.
Primary and secondary outcome measures Repeat 
consultations, hospitalisation or death within 30 days 
of the initial consultation for RTI or UTI. Poisson models 
estimated the associations between NSAID exposure 
and outcome. Rate ratios were adjusted for gender, age, 
ethnicity, deprivation, antibiotic use, seasonal influenza 
vaccination status, comorbidities and general practice. 
Since prescribing variations by practice are not explained 
by case mix—hence, less impacted by confounding 
by indication—both individual- level and practice- level 
analyses are included.
Results There was an increase in hospital admission/
death for acute NSAID prescriptions (RR 2.73, 95% 
CI 2.10 to 3.56) and repeated NSAID prescriptions 
(6.47, 4.46–9.39) in RTI patients, and for acute NSAID 
prescriptions for UTI (RR 3.03; 1.92 to 4.76). Practice- level 
analysis, controlling for practice population characteristics, 
found that for each percentage point increase in NSAID 
prescription, the percentages of hospital admission/
death within 30 days increased by 0.32 percentage points 
(95% CI 0.16 to 0.47).
Conclusions In this non- randomised study, prescription 
of NSAIDs at consultations for RTI or UTIs in primary care 
is infrequent but may be associated with increased risk 
of hospital admission. This supports other observational 
and limited trial data that NSAID prescribing might be 
associated with worse outcomes following acute infection 
and should be prescribed with caution.

BACKGROUND
Consultations for respiratory tract infec-
tions (RTIs) are common in primary care. 
A recent study using Clinical Practice 

Research Datalink (CPRD) practices found 
a consulting rate of 217 consultations per 
1000 person years.1 Urinary tract infection 
(UTI) are also common, with 11% of women 
experiencing at least one episode each year.2 
Most patients are be advised to self- manage 
infections at home and many use analgesics 
such as paracetamol and non- steroidal anti- 
inflammatory drugs (NSAIDs) for symptom 
relief.3 4However, observational studies 
suggest that the use of NSAIDs during RTIs 
may be associated with increased risk of acute 
cardiovascular events,5 and cyclooxygenase- 2 
inhibitors or non- selective NSAIDs may be 
associated with a further increase in risk.6 7 
There is also some evidence that exposure to 
NSAIDs during an episode of an acute infec-
tion may result in an increased risk of adverse 
outcomes such as hospitalisation or longer 
duration of illness.8–13 This association has 
also been observed in two trials, which found 
a longer duration of illness and higher rate 
of repeat consultation in patients who used 
NSAIDs.14 15

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study uses a large and representative primary 
care database, validated for quality and accuracy of 
coding.

 ⇒ We were able to explore associations at both the 
individual and practice levels.

 ⇒ There is a potential for missed cases of infection, 
since this study only include those unwell enough to 
consult their General Practitioner.

 ⇒ While we have controlled for potential confounding 
factors available in the dataset, there is a possibility 
for residual confounding, particularly with respect 
to the severity of illness at the initial consultation, 
which is not routinely coded.

 ⇒ Non- steroidal anti- inflammatory drugs (NSAID) 
prescribing data can only be expected to detect a 
signal and not provide a full picture of the impact of 
NSAIDs since patients can access NSAIDs over- the- 
counter themselves.
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This evidence, however, derives from trials with small 
sample sizes or retrospective case–control studies. With 
complications from RTI and UTI generally occurring 
infrequently,16 17 a large observational cohort is better 
suited to exploring whether there is an association 
between the exposure and outcome and whether the 
effect varies across age and comorbidity groups.

For most medicine prescribing, including antibiotic 
prescribing for RTIs, variations by practice are very large 
and cannot be fully explained by case mix.18–20 Practice- 
level data, therefore, provide a useful ‘natural experiment’ 
and can provide a useful addition to individual- level anal-
yses where it is more difficult to control fully for case mix.

This study, therefore, aimed to determine whether 
there is an association between NSAID prescribing and 
the rate of adverse outcomes including repeat consulta-
tion, hospital admission and death, in patients consulting 
primary care for RTI or UTI. We used both individual- 
level and practice- level data.

METHODS
Study design and population
We performed a retrospective cohort study in the CPRD 
GOLD,21 an anonymised research database of records 
from participating general practices across the UK. CPRD 
is broadly representative of the UK population with 
approximately 4.7% of the UK general population and 
4.6% of UK general practices contributing data.21 For this 
study, we included those general practices in England 
eligible for linkage to Hospital Episodes Statistics (HES) 
for outcomes as well as individual patient- level depriva-
tion data.22 We sampled all patients who consulted with 
one or more RTI or UTI episodes between 1 April 2018 
and 31 March 2019. Analysis included all consultations 
for RTI or UTI that these patients had over this time-
frame. RTI and UTI consultations were identified using 
Read codes in CPRD clinical and referral records (see 
online supplemental appendix 1).23

The protocol for this study was approved by the CPRD 
Independent Scientific Advisory Committee (ISAC 
protocol 20_058R). This study is reported as per the 
Strengthening the Reporting of Observational Studies in 
Epidemiology guideline.24

Definition of the exposure
NSAID prescriptions were identified from product codes 
for NSAIDs listed in the British National Formulary 
(Chapter 10, section 1.1, online supplemental appendix 
2). The exposure was classified into three groups: NSAID 
prescribed on the same day as an RTI/UTI consultation 
(‘acute NSAID’); no NSAID prescribed on the day of the 
consultation; and repeat NSAID prescribing, where two 
or more prescriptions for an NSAID medication had been 
issued to the consulting patient in the 6 months prior to 
the RTI/UTI consultation.

Definition of the outcome
Adverse outcomes within 30 days of the original RTI or 
UTI consultation were defined as a binary outcome based 

on having one of (1) repeat consultation with the same 
illness, (2) hospital admission for any cause identified 
from linked HES data, or death.

Covariates
The analysis included covariates including: age; gender; 
ethnicity (categorised as Bangladeshi, Black African, 
Black Caribbean, Black Other, Chinese, Indian, Pakistani, 
Other Asian, White, Mixed, Other and Unknown); depri-
vation as measured by the Index of Multiple Deprivation 
2015 corresponding to the patient’s postcode in five cate-
gories from least deprived to most deprived; the seasonal 
influenza vaccination status in each year; the Elixhauser 
Comorbidity Index25 26 in each year over the preceding 
10 years; and whether an antibiotic was prescribed at 
the consultation. The Elixhauser Comorbidity Index is 
a measure of comorbidity based on 31 comorbidity cate-
gories identified in CPRD by Read codes.27 Antibiotic 
prescriptions were identified based on the BNF produce 
codes in section 5.1, excluding methanamine and drugs 
for tuberculosis and leprosy as per a previous publication 
(see online supplemental appendix 3).23 Multiple antibi-
otic prescriptions on the same day were considered as a 
single prescription.

Statistical analysis
Descriptive statistics were used to characterise the cohort. 
We evaluated the association between NSAID prescribing 
and adverse outcomes using mixed Poisson models with 
general practice as a random intercept and the person- 
time at risk as the exposure variable in Stata. Person time 
was calculated from the consultation date to the earlier 
of the end in cohort (death/end of registration/end of 
study period) or 30 days. Modelling allowing for the clus-
tering of multiple consultations within patients. Covari-
ates included in the model were age, sex, individual- level 
Index of Multiple Deprivation in five groups, ethnicity, 
influenza vaccination status, Elixhauser index and 
whether an antibiotic was prescribed at the initial 
consultation. Age and Elixhauser index were treated as 
continuous covariates; all other variables were treated as 
categorical. The analysis was of complete cases.

Practice- level analysis (see online supplemental 
appendix 4 for more detail). A linear regression model 
for controlled for the practice level values of the covari-
ates listed in the individual level analyses.

Sensitivity and subgroup analyses
To explore the possibility that antibiotics may be more 
likely to modify the outcome in UTI than in RTI, we 
planned to conduct a sensitivity analysis where the expo-
sure was categorised as ‘no prescription/NSAID only/
Antibiotic only/NSAID and Antibiotic’. On examination 
of the data, there was only a sufficient number of cases to 
allow this to be explored in the RTI data.

As the extremes of age and those with more comorbid 
conditions may be more vulnerable, we evaluated effect 
modification by age (<15 years, 16–64 years and 65 year 
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and over) and Elixhauser Index by testing the interac-
tions with NSAID prescribing, and proceeding to eval-
uate subgroup effects if a significant interaction term was 
present at the 5% level.

All analyses were conducted in Stata V.16.0.

Patient and public involvement
We discussed the plans for this study with two members 
of the public who had experienced infections and used 
both antibiotics and self- management approaches in the 
past. They provided feedback on the proposed exposures, 
including the inclusion of a repeat NSAID user group, the 
appropriate outcomes to measure and the lay summary 
for the funding application. We incorporated this feed-
back as far as the available data allowed.

RESULTS
Cohort characteristics
The cohort included 142 925 patients from 87 general 
practices contributing 355 477 consultation episodes over 
the 1- year period. NSAID prescribing at RTI/UTI consul-
tations was infrequent, with 2354 prescriptions repre-
senting 1.2% of RTI/UTI consultations. Of these 1.1% 
were for a single, acute NSAID prescription and 0.1% for 
repeated NSAID prescriptions.

Patients who received a single NSAID prescription 
were generally younger, with a higher proportion of chil-
dren, more likely to be from a non- white ethnic group, 
in the most deprived quintile, and had less comorbidity. 
Repeated prescriptions tended to be issued in consulta-
tions with those who were women, older and had greater 
comorbidity (see table 1).

Repeat consultation within 30 days occurred in 66 080 
(18.6%), hospital admission in 15 422 (4.3%) and death in 
3922 (1.1%) of all RTI/UTI episodes. Repeat consultation 

Table 1 Cohort characteristics by NSAID exposure at consultation

Whole cohort  
(n=142 925)*

No NSAID  
(n=353 796)

Acute NSAID  
(n=1587)

Repeated NSAID  
(n=94)

Female 86 646 (60.6%) 219 549 (62.1%) 948 (59.7%) 59 (62.8%)

Mean age (SD) 39.3 (27.08) 38.6 (28.85) 19.5 (24.13) 58.75 (19.40)

Deprivation quintiles

  1 (least deprived) 39 993 (28.0%) 93, 472 (26.4%) 172 (10.8%) 18 (19.2%)

  2 29 147 (20.4%) 71 151 (20.1%) 188 (11.9%) 16 (17.0%)

  3 26 946 (18.9%) 66 512 (18.8%) 266 (16.8%) 19 (20.2%)

  4 23 545 (16.5%) 60 008 (17.0%) 364 (22.9%) 19 (20.2%)

  5 (most deprived) 23 254 (16.3%) 62 578 (17.7%) 597 (37.6%) 22 (23.4%)

Ethnicity†

  Bangladeshi 556 (0.4%) 1401 (0.4%) 18 (1.2%) 0

  Black African 1598 (1.3%) 3295 (1.0%) 61 (4.2%) 0

  Black Caribbean 755 (0.6%) 1560 (0.5%) 15 (1.0%) 2 (2.2%)

  Black Other 522 (0.4%) 1199 (0.4%) 15 (1.0%) 0

  Chinese 410 (0.3%) 850 (0.3%) 7 (0.5%) 0

  Indian 2435 (2.0%) 6164 (1.9%) 38 (2.6%) 4 (4.4%)

  Pakistani 1710 (1.4%) 4593 (1.4%) 54 (3.7%) 1 (1.1%)

  Other Asian 1568 (1.3%) 3913 (1.2%) 31 (2.1%) 1 (1.1%)

  White 106 689 (85.2%) 276 489 (86.2%) 1085 (73.9%) 82 (91.1%)

  Mixed 2525 (2.0%) 6988 (2.2%) 58 (4.0%) 0

  Other 2377 (1.9%) 5651 (1.8%) 51 (3.5%) 0

  Unknown 4015 (3.2%) 8628 (2.7%) 36 (2.5%) 0

Mean Elixhauser Index (SD) 3.1 (5.89) 3.9 (6.68) 2.0 (5.36) 3.3 (6.25)

Repeat consultation within 30 days N/A 65 782 (18.6%) 274 (17.3%) 24 (25.5%)

Hospital admission within 30 days N/A 15 283 (4.3%) 106 (6.7%) 33 (35.1%)

Death within 30 days N/A 3827 (1.1%) 69 (4.4%) 26 (27.7%)

*Figures for the whole cohort are as at 2018/2019. Figures for NSAID prescribing are over all consultations.
†Ethnicity only available for 125 160 patients.
NSAIDs, non- steroidal anti- inflammatory drugs.
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occurred in 24 consultations (25.5%) for repeated NSAID 
prescriptions, 65 782 consultations (18.6%) for no NSAID 
prescription and 274 (17.3%) for an acute prescription. 
There were 33 consultations (35.1%) in the repeat NSAID 
group, leading to a hospital admission, 15 283 (4.3%) in 
the no NSAID group and 106 (6.7%) in the acute NSAID 
group. Twenty- six (27.7%) resulted in death within 30 
days in the repeated NSAID group, 3827 (1.1%) in the no 
NSAID group and 69 (4.3%) in the acute NSAID group. 
Eighty- three per cent of deaths took place in hospitalised 
cases.

Risk of adverse event
There was an increased risk of repeat consultation with 
repeated NSAID prescribing for RTI. This was not esti-
mable for UTI as there was no repeat consultation in 
patients with a repeat NSAID prescription. Although 
the number of events was small, there was evidence that 
hospital admission or death was higher for both acute 
and repeat NSAID prescriptions for both RTI and UTI 
(table 2).

There was an increased risk associated with NSAID 
prescribing alone or in combination with antibiotics, and 
a protective effect of antibiotics (table 3) for RTI patients 
for hospitalisation and death within 30 days. There was 
no effect on repeat consultations of NSAID prescriptions 
and a slightly elevated risk with antibiotic prescribing. It 
was not possible to estimate these models for UTI patients 
as there was only one repeat consultation for a patient 
with an NSAID prescription only.

Subgroup analyses
NSAID prescribing was very low for UTI in children. Only 
1 child under 15 had a repeated NSAID prescription and 
10 had an acute NSAID prescription at the time of a UTI 
consultation. There were no repeat consultations in those 
aged 65 and over for UTI with repeated NSAIDs.

There was no evidence for an interaction with age and 
acute NSAID prescribing in those aged 16–64 (inter-
action term:1.19, 95% CI 0.79 to 1.82 for acute NSAID 
prescription and 0.85; 95% CI 0.48 to 1.50 for repeat 

Table 2 Unadjusted and adjusted rate ratios for the association of adverse outcome, repeat consultation and hospital 
admission/death within 30 days with NSAID prescribing exposure

Repeat consultation within 30 days Hospital admission or death within 30 days

Unadjusted rate ratio 
(95% CI)

Adjusted rate ratio* 
(95% CI)

Unadjusted rate ratio 
(95% CI)

Adjusted rate 
ratio* (95% CI)

RTI only

  No NSAID REF REF REF REF

  Acute NSAID 1.03 (0.92 to 1.16) 0.99 (0.80 to 1.22) 1.38 (1.12 to 1.71) 2.73 (2.10 to 3.56)

  Repeated NSAID 1.40 (0.94 to 2.09) 1.61 (1.09 to 2.41) 8.56 (5.98 to 12.27) 6.47 (4.46 to 9.39)

UTI only

  No NSAID REF REF REF

  Acute NSAID 0.95 (0.36 to 2.53) 1.12 (0.42 to 3.00) 2.26 (1.92 to 2.69) 3.03 (1.92 to 4.76)

  Repeated NSAID NA NA NA NA

*Adjusted for age, sex, individual level Index of Multiple Deprivation, ethnicity, influenza vaccination status, Elixhauser index and antibiotic 
co- prescription.
NSAID, non- steroidal anti- inflammatory drug; RTI, respiratory tract infection; UTI, urinary tract infection.

Table 3 Unadjusted and adjusted rate ratios for the association of repeat consultation and hospital admission/death within 30 
days with NSAID and antibiotic prescribing exposure for RTI patients

Repeat consultation within 30 days Hospital admission or death within 30 days

Unadjusted rate ratio 
(95% CI)

Adjusted rate ratio* 
(95% CI)

Unadjusted rate ratio 
(95% CI)

Adjusted rate ratio* 
(95% CI)

RTI only

  No prescription REF REF REF REF

  NSAID only 1.15 (0.99 to 1.34) 1.04 (0.81 to 1.33) 2.07 (1.64 to 2.61) 3.19 (2.42 to 4.23)

  Antibiotic only 0.91 (0.90 to 0.93) 1.03 (1.01 to 1.06) 0.77 (0.74 to 0.80) 0.89 (0.95 to 0.93)

  NSAID+antibiotic 1.17 (0.98 to 1.40) 1.21 (0.91 to 1.62) 1.80 (1.34 to 2.41) 3.63 (2.59 to 5.09)

*Adjusted for age, sex, individual level Index of Multiple Deprivation, ethnicity, influenza vaccination status, Elixhauser index.
NSAID, non- steroidal anti- inflammatory drug; RTI, respiratory tract infection; UTI, urinary tract infection.
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NSAID prescription) and 65+ years (interaction term: 
1.18, 95% CI 0.73 to 1.90).

There was no statistically significant interaction with the 
Elixhauser Index (interaction terms 1.00, 95% CI 0.99 to 
1.01 for acute NSAID prescription and 1.00, 95% CI 0.98 
to 1.02 for repeated NSAID prescription).

Practice- level analyses (see online supplemental 
appendix 4 for fuller details)

The range in the percentage of patients experiencing 
hospital admission or death within 30 days was between 
2.7% and 7.7% (median 4.7%, lower quartile 3.9%, upper 
quartile 5.2%). Higher NSAID prescribing rates and 
higher rates of hospital admission/death within 30 days 
were correlated (r=0.30). For each one percentage point 
increase in the percentage receiving an NSAID prescrip-
tion, the percentage experiencing hospital admission/
death within 30 days increased by 0.32 percentage points 
(95% CI 0.16, to 0.47).

DISCUSSION
Main findings
In this large cohort study of electronic health record data, 
NSAID prescribing for RTI or UTI was associated with 
an increased risk of hospital admission or death within 
30 days in both practice and individual- level analyses. 
There was also a higher risk of repeat consultation within 
those with a repeated NSAID prescription, albeit in small 
numbers of patients. The lack of significant interactions 
with age and comorbidity suggests that the relationship is 
not modified by these factors.

Comparison with other studies
An individual patient data meta- analysis found that 
although the absolute excess risk was small, compared 
with placebo some NSAIDS (coxib and diclofenac) 
caused three major vascular events per 1000 patients per 
year, of which one event was fatal.28 There is increased 
risk of acute kidney injury in those over 65 with NSAID 
use.29 Our study is consistent with these findings, with 
a clear increase in all hospital admissions in this large 
routine data set. The point estimates of effect were larger 
than previously observed in the literature perhaps as they 
relate to a relatively small population prescribed NSAIDs 
over a 1- year period, even within this large cohort. There 
was no significant interaction with age over 65, however, 
suggesting that the risk may be present in younger adults 
as well.

In contrast to some trial evidence in both RTI15 30 and 
UTI,31 this study did not show an increased risk of repeat 
consultation except in those prescribed repeated NSAIDs. 
It is not clear why these results differ but it may be due to 
the different advice and/or patient behaviour in a trial 
context with respect to repeat consultation, the dilution 
of the signal due to over the counter use, smaller sample 
sizes or different patient populations.

Strengths and limitations
The strength of this study is that it is a large cohort 
conducted using CPRD and linked HES data, largely 

representative of UK general practice, and validated for 
the quality and accuracy of coding.

There may be some limitations in generalisability, 
however, as only the 87 general practices in England, 
which provide linked data were available for this anal-
ysis. Recent papers have suggested that in England, 
patient- level measures of deprivation and ethnicity were 
broadly similar to the general population.32 33 However, 
the data included here were limited to general practices 
in England and different prescribing patterns and asso-
ciations might be observed in a broader data set more 
representative of the UK population, especially as there 
are no prescription charges in devolved nations, which 
may encourage more patients to seek prescriptions for 
medications for self- management, such as NSAIDs, rather 
than purchasing them over the counter.

The individual- level analyses cannot control for all 
aspects of case mix, particularly the severity of the illness 
at the time of the initial consultation as measures of 
illness severity are not routinely coded by GPs. Patients 
prescribed NSAIDs may be at higher risk of hospital 
admission or death and there is potential that the results 
reflect residual confounding in respect of this and other 
unmeasured confounders. However, since case mix does 
not fully explain practice- level variation in prescribing 
for infections once overall population characteristics are 
controlled for the problem of confounding by indication 
due to case mix is less for practice- level analyses. Thus, 
the similarity of our findings in the practice- level analyses 
suggests that confounding by indication is not likely to 
completely explain the individual- level results.

There is potential for missing mild cases of UTI and RTI, 
since this study only includes those patients ill enough to 
consult a GP. Moreover, the analysis has used complete 
cases only with no allowance for missing data. GPs may 
possibly not code milder cases so this may somewhat limit 
the generalisability of these findings, but consultation 
with a GP for both RTI and UTI remains common, even 
in those with relatively mild symptoms, and, therefore, 
these results are likely to still be informative in clinical 
practice. In using this routine data, we may have included 
a small number of patients who could not be prescribed 
NSAIDs due to allergy or hypersensitivity as well as a small 
proportion who were coprescribed proton pump inhibi-
tors or probiotics, which might have lessened any impact 
of NSAID prescribing. These small numbers are unlikely 
to have impacted on the inferences.

NSAID prescribing data can only be expected to detect 
a signal and not provide a full picture of the impact of 
NSAIDs since patients can access NSAIDs over- the- counter 
themselves. NSAID use is common with 50% of people 
with RTI and 20% of women with UTI reporting NSAID 
use during an episode of infection.34 35 The prescribing 
rates observed in this study were considerably lower than 
this and it is likely that there is some misclassification, 
with a proportion of the ‘no NSAID’ group using NSAIDs. 
It is also possible that patients who are prescribed NSAIDs 
may not fill their prescriptions or may not take them. 
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Such misclassification would be more likely to render the 
signal undetectable and this suggests that the associations 
detected in our study may represent an underestimate.

Finally, this study was undertaken during a period of 
time prior to the COVID- 19 pandemic. There is some 
evidence that the use of NSAIDs in those with COVID- 19 
infection does not lead to higher mortality or increased 
severity36–39 and a clinical trial of ibuprofen use in 
COVID- 19 is underway.40 It has been hypothesised that 
this lack of association may be because the release of cyto-
kines associated with more severe COVID- 19 is moderated 
by NSAID treatment.38 41 42 It has also been hypothesised 
that adverse events associated with NSAID use in RTI may 
be specific to bacterial infections.37 Our findings, there-
fore cannot be generalised to the recent pandemic.

CONCLUSIONS AND IMPLICATIONS
The prescribing of NSAIDs during non- pandemic years 
may be associated with worse outcomes following acute 
infection. This routine data support other observational 
data and the limited trial data that prescribing of NSAIDs 
during non- pandemic years are likely to be associated 
with worse outcomes following acute infection, and they, 
therefore, should be prescribed with care.
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