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ABSTRACT
A matched-propensity analysis of national data from the
British Thoracic Society community-acquired pneumonia
audit was conducted (n=13 725). Overall, time to first
antibiotic (TFA) was ≤4 h in 63%. Adjusted 30-day
inpatient (IP) mortality was lower for adults with TFA
≤4 h compared with TFA >4 h (adjusted OR 0.84,
95% CI 0.74 to 0.94; p=0.003). Increasing TFA was
associated with greater OR of 30-day IP mortality
(p value for trend=0.001), but no TFA threshold was
evident. Although we found an association between
TFA and mortality, we cannot say whether this is causal
or whether TFA might just be a quality measure for
overall or other processes of care.

INTRODUCTION
The British Thoracic Society (BTS) community-
acquired pneumonia (CAP) guideline and the
National Institute for Health and Care Excellence
(NICE) pneumonia guideline recommend adminis-
tration of antibiotics within 4 h of presentation to
hospital for adults with radiologically confirmed
CAP.1 2 However, the studies cited in support of
these recommendations have been variously criti-
cised for their restrictions on included age groups,
lack of adjustment for disease severity, small sample
sizes and single-centre designs. Other studies have
also failed to show a mortality benefit from early
administration of antibiotics in adults hospitalised
with CAP.3 4

The resources required to treat patients admitted
to hospital rapidly within a specific time frame are
considerable. Therefore, robust evidence to support
the prioritisation of patients with CAP for early
treatment is desirable. However, a clinical trial to
address this issue is unlikely to be conducted
given inherent ethical and practical constraints.
Consequently, large cohort studies in representative
populations offer the best possible chance of produ-
cing meaningful results on the association between
time to first antibiotics (TFA) and mortality.

METHODS
Study population
Trusts across England and Wales were invited to
participate in the BTS national adult CAP audit
during the period from 1 December to 31 January
for years 2009/2010, 2010/2011, 2011/2012 and
2012/2013; data were submitted from 188 institu-
tions. Immunocompetent adults aged ≥16 years

hospitalised with CAP (defined as new infiltrates on
chest X-ray with symptoms suggestive of lower
respiratory tract infection and treated by the admit-
ting team as CAP) were included. All patients were
treated at the discretion of the clinical teams. Data
were entered anonymously using a secure standar-
dised web-based system. TFA and 30-day inpatient
(IP) mortality was recorded by the data collector in
the participating institution. The BTS Professional
and Operational Standards Committee approved
the protocol; ethical approval was not required for
the conduct of the audit.
TFA was defined as the interval between time of

admission and time of first administration of anti-
biotic after admission. Adults who received their
first antibiotic dose >36 h after admission were
excluded as they were likely to have had atypical
presentations making measurement of the effects of
time-sensitive processes of care inaccurate.5 Adults
who died within 24 h of admission were excluded
(in keeping with other studies)5 as TFA was not
expected to modify disease outcome within such a
short time.

Statistical analyses
Descriptive analyses were performed using Stata/IC
V.13.1 (StataCorp, 2013). Pearson’s χ2 test was
used to compare categorical variables. The baseline
characteristics, disease severity, treatment and
30-day IP mortality of adults with TFA ≤4 and
>4 h were compared. The independent association
between TFA ≤4 h and 30-day IP mortality was
examined using a propensity matched model. The
propensity score derivation model used covariables
derived from an initial multivariable logistical
regression model, where those covariables signifi-
cantly associated with 30-day IP mortality and/or
that led to a >10% change in the regression coeffi-
cient were retained. The final propensity score
model used the following covariables: age, variables
within the CURB65 score (confusion, urea
>7 mmol/L, respiratory rate ≥30/min, blood pres-
sure <90 mm Hg systolic or ≤60 mm Hg diastolic),
individual comorbidities (congestive cardiac failure
(CCF), chronic heart disease excluding CCF, liver
disease, chronic kidney disease (CKD), malignancy,
diabetes and dementia), intravenous antibiotic use,
critical care unit admission and combination
β-lactam/macrolide antibiotic. Propensity scores
were derived for all subjects with single nearest
neighbour matching and conditional logistic
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regression used to obtain propensity-matched estimates. A sec-
ondary propensity analysis was performed to investigate the
relationship between TFA (categorised as 0–4, 4–8, 8–12 and
>12 h) and 30-day IP mortality.

RESULTS
Of 17 403 individuals, data regarding timing of antibiotic
administration were missing for 2321 adults, and mortality data
were unavailable for a further 57. Of the remaining adults, 558
died within 24 h of admission, and 742 received their first anti-
biotic dose ≥36 h following admission, leaving 13 725 adults.
The median age of the study cohort was 75 years (IQR 60.0–
85.0), and 6699 (48.8%) were male.

Pneumonia severity was low (CURB65 score ≤1), moderate
(CURB65 score=2) and high (CURB65 score ≥3) in 6045
(44.0%), 4023 (29.3%) and 3657 (26.6%) patients, respectively.
A total of 861 (6.3%) individuals required admission to a crit-
ical care unit and 30-day IP mortality was 15.0%. Median TFA
was 3.1 h (IQR 1.8–5.7). The first dose of antibiotic was admi-
nistered in ≤4, 4–8, 8–12 and >12 h following hospital admis-
sion in 8642 (63.0%), 2913 (21.2%), 976 (7.1%) and 1194
(8.7%) adults, respectively.

Baseline characteristics and disease severity
Adults with TFA ≤4 h were significantly younger (median age
75 years (IQR 60.0–84.0) vs 77 years (IQR 61.0–85.0);
p<0.001), less likely to have coexisting stroke disease (9.3% vs
10.6%), CKD (6.7% vs 7.8%) and chronic heart disease exclud-
ing CCF (21.3% vs 22.9%), but more likely to have COPD
(23.1% vs 20.0%) compared with adults who had TFA >4 h (see
online supplementary table S1). Pneumonia severity was signifi-
cantly higher in adults with TFA ≤4 h (p value for trend for
increasing CURB65 score <0.001) with both intravenous anti-
biotic therapy (82.0% vs 64.9%; OR 2.46, 95% CI 2.27 to 2.67;
p<0.001) and combination β-lactam/macrolide therapy (53.5%
vs 46.8%; OR 1.31, 95% CI 1.22 to 1.40; p<0.001) being sig-
nificantly more likely in these patients compared with those who
had TFA >4 h. Admission to a critical care unit was required for
639 (7.4%) adults with TFA ≤4 h vs 222 (4.4%) adults with TFA
>4 h (OR 1.75, 95% CI 1.49 to 2.04; p<0.001).

Mortality
Propensity score adjusted 30-day IP mortality was significantly
lower for adults with TFA ≤4 h compared with TFA >4 h

(OR 0.84, 95% CI 0.74 to 0.94; p=0.003). Increasing delay in
antibiotic administration in comparison with TFA 0–4 h was
associated with greater OR of mortality; TFA 4–8 h: adjusted
OR 1.09, 95% CI 0.94 to 1.27; TFA 8–12 h: adjusted OR 1.30,
95% CI 0.99 to 1.70 and TFA >12 h: adjusted OR 1.41, 95%
CI 1.10 to 1.80 (p value for trend 0.001) (figure 1).

DISCUSSION
The primary finding of this analysis is that in adults hospitalised
with CAP, administration of the first antibiotic dose within 4 h
of admission was associated with a 16% lower adjusted 30-day
IP mortality compared with later antibiotic administration. In
addition, we found that increasing TFA was associated with
increasing OR of mortality; no threshold for TFAwas evident.

A previous retrospective analysis using the US ‘Medicaid
cohort’ of adults aged ≥65 years hospitalised with CAP
(n=13 771) found a similar protective effect on 30-day mortal-
ity from antibiotics administered within 4 vs >4 h of arrival at
hospital (adjusted OR 0.85, 95% CI 0.76 to 0.95).5 Our ana-
lysis extends these findings to adults of all ages. In contrast, a
cross-sectional analysis of the US Nationwide Inpatient Sample
database of >95 000 adults with a coding diagnosis of pneumo-
nia did not show a mortality benefit from earlier administration
of antibiotics; however, the available data did not permit adjust-
ment for pneumonia severity.4

In acute medical settings, priority of care is usually given to
the sickest patients. Accordingly, we observed that patients with
TFA ≤4 h had higher pneumonia severity and were more likely
to receive treatments such as intravenous combination antibio-
tics and critical care support. Despite a matched-propensity ana-
lysis, the observed association of TFA with mortality may have
been due to factors that could not be included in the propensity
analysis such as clinical presentation phenotypes that made CAP
diagnosis more difficult and thus delayed, and the combined
effect of early clinical interventions, including factors not mea-
sured in this study such as gas exchange management strategies
and fluid administration. In these respects, TFA may be serving
as a quality measure for processes of care.

The strengths of this analysis are the inclusion of a large rep-
resentative population of adults hospitalised with CAP and
adjustment for major potential confounding variables. Data
regarding preadmission antibiotics were not available; however,
based on UK clinical practice, preadmission antibiotic use would
not be expected to influence TFA. Instead, inclusion of adults

Figure 1 Propensity adjusted OR of
30-day inpatient (IP) mortality with
increasing time to first antibiotic (TFA)
compared with TFA ≤4 h.
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who received preadmission antibiotics may have blunted the size
of benefit observed. Potential weaknesses include the possibility
of case selection bias in some institutions and lack of independ-
ent diagnosis confirmation; this effect is minimised by the
sample size analysed.

A clinical trial to confirm the findings from this study is desir-
able, but would likely face considerable ethical and practical
challenges.

Implications of findings
Given that nationally, 37% of patients with CAP did not receive
antibiotics within 4 h of admission, this analysis suggests there is
room for improvement. Any drive to increase the proportion
receiving early antibiotics should be balanced by minimising
inappropriate antibiotic use, not least through avoiding the mis-
diagnosis of CAP. The findings of this analysis support the 2014
NICE pneumonia guideline recommendation for health services
to ‘put in place processes to allow diagnosis (including X-rays)
and treatment of community-acquired pneumonia within
4 hours of presentation to hospital’. They also dovetail with the
Department of Health’s 4 h target for emergency departments,
and within this setting is aligned with the Infectious Diseases
Society of America CAP guideline recommendation that ‘first
antibiotic dose should be administered while still in the emer-
gency department’.
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Supplementary Table 1: Baseline characteristics, disease severity and treatment of adults by time to first antibiotic dose 

  TFA ≤ 4 hours (n=8642) TFA > 4 hours (n=5083) OR(95%CI) p value 

       

Age* 75.0(60.0-84.0) 77.0(61.0-85.0)  <0.001 

Male 4306(49.8) 2393(47.1) 1.11(1.04-1.20) 0.002 

       

CCF 655(7.6) 406(8.0) 0.94(0.83-1.07) 0.387 

CHD 1838(21.3) 1166 (22.9) 0.91(0.83-0.99) 0.022 

Stroke disease 806(9.3) 540(10.6) 0.87(0.77-0.97) 0.014 

Liver disease 90(1.0) 63(1.2) 0.84(0.61-1.16) 0.286 

CKD 576(6.7) 396(7.8) 0.85(0.74-0.97) 0.013 

Active malignancy 629(7.3) 371(7.3) 1.00(0.87-1.14) 0.965 

COPD 1997(23.1) 1016(20.0) 1.20(1.10-1.31) <0.001 

Other chronic lung disease 1075(12.4) 627(12.3) 1.01(0.91-1.12) 0.858 

Diabetes 852(9.9) 536(10.5) 0.93(0.83-1.04) 0.198 

Dementia 558(6.5) 324(6.4) 1.01(0.88-1.17) 0.849 

       

IV antibiotic use 7085 (82.0) 3297(64.9) 2.46(2.27-2.67) <0.001 

ICU admission 639(7.4) 222(4.4) 1.75(1.49-2.04) <0.001 

Combination BLM use 4626(53.5) 2380 (46.8) 1.31(1.22-1.40) <0.001 

       

Low severity (CURB65≤1) 3664(42.4) 2381(46.8) Reference <0.001† 
Moderate severity 
(CURB65=2) 2478(28.7) 1545(30.4) 1.04(0.96-1.13)   

High severity (CURB65≥3) 2500(28.9) 1157(22.8) 1.40(1.29-1.53)   

       

          

 



TFA, time to first antibiotic dose; OR, odds ratio; CCF, congestive cardiac failure; CHD, chronic heart disease excluding CCF; CKD, chronic kidney disease; COPD, 

chronic obstructive pulmonary disease; IV, intravenous; ICU, intensive care unit; BLM, β-lactam/macrolide; CURB65, confusion, urea>7 mmol/l, respiratory rate 

>30 breaths per minute, systolic blood pressure <90 mmHg or diastolic blood pressure ≤60 mmHg, age ≥65 years 

All values given as n(%) unless stated otherwise  

* Median years (IQR) 

† p value for trend 
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