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INTRODUCTION

Approximately 10% of patients have a recorded penicillin
allergy, a label that results in prescribing shifts towards less
effective and broader-spectrum antibiotics. Patients with a
recorded penicillin allergy have an increased risk of drug-
resistant organisms, healthcare-associated infections, and an-
tibiotic treatment failures.1–3 When evaluated, more than 95%
of patients with a recorded penicillin allergy are not allergic.4

We examined the relation between a newly recorded penicillin
allergy and the risk of death.

METHODS

We performed a population-based matched cohort study
among adult participants enrolled in the Healthcare Improve-
ment Network (January 1, 1995–December 31, 2015), an
electronic database of 11.1 million patients registered with
general practitioners (GPs).5 We identified patients with their
first GP-recorded allergy to a penicillin antibiotic linked to a
prior penicillin prescription, and selected up to five age (±
1 year)-, sex-, and dataset entry time (± 1 year)-matched
penicillin users without a recorded penicillin allergy.2 Record-
ed penicillin allergy could be reported by patients, family
members, or other providers to GPs, or could represent a
GP-diagnosed penicillin allergy. For cases, the index date
was the date of first penicillin allergy entry; for comparators,
the matched index date was within 1 year of penicillin pre-
scription. The primary outcome was all-cause mortality. Po-
tential confounding variables including demographics, life-
style factors, medications, allergies, comorbidities, and
healthcare utilization were assessed at baseline. Follow-up

We used Cox proportional hazard models to calculate haz-
ard ratios (HRs) for the relation of penicillin allergy status to
the risk of all-cause mortality. The multivariable models ad-
justed for all confounders assessed at baseline; the Charlson
Comorbidity Index was used to adjust for major medical
comorbidities. Analyses were performed using SAS, version
9.4 (SAS Institute, Cary, NC).

RESULTS

We identified 63,690 patients with a recorded penicillin aller-
gy and 237,167 comparators (Table 1). Patients with a record-
ed penicillin allergy were generally similar to comparators,
except for other antibiotic allergies, which weremore common
in patients with a recorded penicillin allergy.
During 6 years of mean follow-up time, 8773 patients with

a recorded penicillin allergy and 28,793 patients without a
recorded penicillin allergy died (Table 2). The age-, sex-, and
entry time-matched HR for all-cause mortality for patients
with a recorded penicillin allergy was 1.18 (1.15 to 1.21)
compared to those without recorded penicillin allergy. The
matched and multivariable adjusted HR for all-cause mortality
for patients with a recorded penicillin allergy was 1.14 (1.12 to
1.17) compared with those without recorded penicillin allergy.

DISCUSSION

A recorded penicillin allergy was associated with a 14%
increased risk of death. When allergy tested, 95% of adults
with a recorded penicillin allergy are not allergic, an incon-
gruence that exists because penicillin intolerances or viral
exanthems may be recorded as allergies, and beta-lactam
allergy wanes over time.4, 6 Some of the harms associated
with a recorded penicillin allergy may be modifiable with
improved antibiotic prescribing in patients with penicillin
allergy labels.Published online April 22, 2019
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time was calculated from the index date to the date of death
or the end of the study, whichever occurred first.

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-019-04991-y&domain=pdf


Limitations of this analysis include the potential for residual
confounders. While we adjusted for Charlson Comorbidity
Index, antibiotic prescriptions, and healthcare utilization at
baseline, it remains conceivable that penicillin allergy may
still be a marker for increased contact with the healthcare
system. Although we identified that a recorded penicillin
allergy was associated with an increased mortality, we were
unable to examine cause-specific mortality. Nevertheless, all-
cause mortality is itself important because it represents the
overall net health impact of a recorded penicillin allergy.

A 14% increase in death overall was identified for patients
with a recorded penicillin allergy. Once a penicillin allergy is
recorded, patients receive less effective and/or more toxic antibi-
otics for subsequent infections.1–3 Clinical outcomes for the over
30million Americans with a recorded penicillin allergymay well
improve if penicillin allergy verification programs could elimi-
nate these labels from the majority of people who carry them.
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Table 1 Cohort Characteristics According to Penicillin Allergy
Status

Characteristics* Recorded
penicillin allergy
(n = 63,690)

No recorded
penicillin allergy†

(n = 237,167)

Age (years), mean (SD) 54.8 (20.1) 55.0 (20.0)
Female 42,995 (67.5) 164,661 (69.4)
Body mass index
< 18.5 1453 (2.3) 5040 (2.1)
18.5–24.9 21,669 (34.0) 82,567 (34.8)
25.0–29.9 17,806 (28.0) 66,395 (28.0)
> 30.0 12,272 (19.3) 42,952 (18.1)
Unknown 10,490 (16.5) 40,213 (17.0)

Socioeconomic Deprivation Index score‡

1 15,904 (25.3) 59,048 (25.3)
2 13,548 (21.6) 50,419 (21.6)
3 12,789 (20.4) 46,915 (20.1)
4 11,042 (17.6) 40,504 (17.4)
5 7218 (11.5) 27,268 (11.7)

Smoking status
None 33,036 (51.9) 124,242 (52.4)
Past 9762 (15.3) 35,860 (15.1)
Current 17,233 (27.1) 61,235 (25.8)
Unknown 3659 (5.7) 15,830 (6.7)

Alcohol use
None 12,197 (19.2) 43,362 (18.3)
Past 811 (1.3) 2599 (1.1)
Current 39,038 (61.3) 145,961 (61.5)
Unknown 11,644 (18.3) 45,245 (19.1)

Comorbidities
Diabetes 5482 (8.6) 19,580 (8.3)
Renal disease 4197 (6.6) 14,628 (6.2)
Hemodialysis 68 (0.1) 199 (0.1)
Malignancy 3564 (5.6) 12,304 (5.2)
Liver disease 1100 (1.7) 3334 (1.4)

Charlson Comorbidity
Index, mean (SD)

0.5 (1.1) 0.5 (1.0)

Medications
Number of antibiotic
prescriptions (1 year),
mean (SD)

4.0 (4.8) 3.5 (4.1)

Number of antibiotic
prescriptions (2 years),
mean (SD)

4.4 (5.3) 3.8 (4.5)

Systemic corticosteroid 21,140 (33.2) 76,865 (32.4)
Other drug allergies
Cephalosporins 781 (1.2) 1190 (0.5)
Other antibiotic allergies 5711 (9.0) 10,731 (4.5)

Nursing home living 80 (0.1) 428 (0.2)
General practitioner visits,
mean (SD)

5.3 (4.4) 4.7 (4.0)

Hospitalizations, mean
(SD)

0.8 (2.0) 0.6 (1.7)

*Data displayed as n (%) unless otherwise specified
†Matched on age, sex, and entry time; matched index date within 1 year
of penicillin prescription
‡Townsend Deprivation Index, grouped into quintiles from 1 (least
deprived) to 5 (most deprived)
SD, standard deviation

Table 2 Association of a Recorded Penicillin Allergy on All-Cause
Mortality

Recorded penicillin allergy

Yes No

Number of patients 63,690 237,167
Follow-up time in years (mean ± SD) 6.0 ± 4.28 6.1 ± 4.26
Number of person-years 379,369 1,441,303
All-cause mortality
Number of deaths 8773 28,793
Age-, sex-, and entry time-matched
HR (95% CI)

1.18 (1.15 to
1.21)

1.0
(reference)

Multivariable adjusted HR (95%
CI)*

1.14 (1.12 to
1.17)

1.0
(reference)

*Age-, sex-, and entry time-matched and adjusted for age, sex, body
mass index, socioeconomic status, smoking alcohol, Charlson Comor-
bidity Index, hemodialysis, antibiotic prescriptions, corticosteroid use,
other antibiotic allergies, nursing home living, general practitioner
visits, and hospitalizations
SD, standard deviation; HR, hazard ratio; CI, confidence interval
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