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Allopurinol Use and Risk of Fatal Hypersensitivity Reactions
A Nationwide Population-Based Study in Taiwan
Chien-Yi Yang, BS; Chi-Hua Chen, MS; Shin-Tarng Deng, MS; Chi-Shan Huang, MS; Yu-Jr Lin, BA;
Yi-Ju Chen, MD, PhD; Chun-Ying Wu, MD, PhD; Shuen-Iu Hung, PhD; Wen-Hung Chung, MD, PhD

IMPORTANCE Allopurinol, a first-line drug used for treating gout, is increasingly prescribed
worldwide to patients with asymptomatic hyperuricemia and comorbid renal or
cardiovascular diseases. Nevertheless, allopurinol use has been associated with fatal
hypersensitivity reactions, including drug rash with eosinophilia and systemic symptoms,
Stevens-Johnson syndrome, and toxic epidermal necrolysis. The overall risks of allopurinol
use remain unclear.

OBJECTIVE To investigate the incidence of, risk factors for, and mortality associated with
allopurinol hypersensitivity in new users of allopurinol.

DESIGN, SETTING, AND PARTICIPANTS A retrospective nationwide population study was
conducted using data from the Taiwan National Health Insurance Research Database, which
includes detailed medical records of more than 23 million insured enrollees. Data were
collected from January 1, 2005, through December 31, 2011, using the Anatomical
Therapeutic Chemical classification system and International Classification of Diseases, Ninth
Revision, Clinical Modification codes. Among 1 613 719 patients receiving allopurinol
prescriptions, 495 863 were identified as new users.

MAIN OUTCOMES AND MEASURES Allopurinol hypersensitivity was identified within 3 months
since the first prescription. The period for measuring related hospitalizations was 1 month
since the episode, and the period for measuring renal complications or mortality was 2
months since the episode. Poisson regression test and multivariable logistic regression
analysis were performed, and P < .01 was considered statistically significant.

RESULTS Among the more than 23 million insured enrollees, the annual incidence rates were
4.68 per 1000 new users for allopurinol hypersensitivity, 2.02 per 1000 new users for related
hospitalization, and 0.39 per 1000 new users for related mortality. The annual incidence of
allopurinol hypersensitivity rose statistically significantly during the study period (P < .001).
Risk factors for allopurinol hypersensitivity included female sex, age 60 years or older, initial
allopurinol dosage exceeding 100 mg/d, renal or cardiovascular comorbidities, and use for
treating asymptomatic hyperuricemia. Patients with asymptomatic hyperuricemia and renal
or cardiovascular diseases had statistically significantly increased risk of allopurinol
hypersensitivity (odds ratio [OR], 1.61; 95% CI, 1.33-1.94; P < .001 for renal diseases and OR,
1.52; 95% CI, 1.19-1.93; P < .001 for cardiovascular diseases). They also had statistically
significantly increased risk of mortality (OR, 5.59; 95% CI, 2.61-11.94; P < .001 for renal
diseases and OR, 3.57; 95% CI, 2.31-5.51; P < .001 for cardiovascular diseases).

CONCLUSIONS AND RELEVANCE The use of allopurinol in patients with asymptomatic
hyperuricemia accompanied by renal or cardiovascular diseases statistically significantly
increased the risk of hypersensitivity reactions. Physicians should be cautious when
prescribing allopurinol to high-risk populations and should consider the potential risks of fatal
adverse reactions.

JAMA Intern Med. 2015;175(9):1550-1557. doi:10.1001/jamainternmed.2015.3536
Published online July 20, 2015.

Related article page 1518

Editor's Note page 1558

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Authors: Shuen-Iu
Hung, PhD, Department and Institute
of Pharmacology, School of Medicine,
National Yang-Ming University,
155 Linong St, Section 2, Taipei,
Taiwan 11221 (sihung@ym.edu.tw)
and Wen-Hung Chung, MD, PhD,
Department of Dermatology,
Drug Hypersensitivity Clinical and
Research Center, Chang Gung
Memorial Hospital, College of
Medicine, Chang Gung University,
5 Fusing St, Taoyuan, Taiwan 33305
(chung1@cgmh.org.tw).

Research

Original Investigation | HEALTH CARE REFORM

1550 (Reprinted) jamainternalmedicine.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/19/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2015.3536&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.3536
mailto:sihung@ym.edu.tw
mailto:chung1@cgmh.org.tw
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.3536


Copyright 2015 American Medical Association. All rights reserved.

A llopurinol was approved by the US Food and Drug Ad-
ministration in 1966 for treating gout and remains a cor-
nerstone of the treatment of uric acid nephrolithiasis

and hyperuricemia caused by cancer or chemotherapy.1,2 Al-
though it is generally well tolerated, allopurinol is one of the
most common drugs associated with life-threatening hyper-
sensitivity reactions, including Stevens-Johnson syndrome,
toxic epidermal necrolysis, and drug rash with eosinophilia and
systemic symptoms.3-8 Stevens-Johnson syndrome and toxic
epidermal necrolysis are variants of the same mucocutane-
ous blistering reaction disease and carry high morbidity and
mortality.3 Drug rash with eosinophilia and systemic symp-
toms is a nonblistering cutaneous adverse reaction with sys-
temic manifestations, including eosinophilia, leukocytosis, fe-
ver, hepatitis, and renal dysfunction.8,9 In previous studies,3,4,7

allopurinol hypersensitivity was found in 1 of 260 patients (ap-
proximately 0.4% of new users of allopurinol) and was a lead-
ing cause of severe cutaneous adverse reactions in several
countries. Allopurinol hypersensitivity–related mortality was
reported to be as high as 18% to 32%, and its long-term com-
plications (eg, renal failure and eye sequelae) are frequently
observed in survivors.3,7,10,11

Although controversial, the use of allopurinol in patients
with asymptomatic hyperuricemia has been increasing world-
wide in recent years.12-16 Prescriptions of allopurinol to pa-
tients having asymptomatic hyperuricemia with cardiovascu-
lar, renal, or metabolic diseases may be based on the
assumption that high levels of serum uric acid contribute to
the prognosis of these disorders.12-16 However, the overall risks
of allopurinol use in asymptomatic hyperuricemia remain un-
clear. We conducted a retrospective nationwide population-
based study using the Taiwan National Health Insurance Re-
search Database to analyze the incidence of, risk factors for,
and mortality associated with allopurinol hypersensitivity in
new users of allopurinol over a 7-year period.

Methods
Data Source
Secondary data were collected from the Taiwan National Health
Insurance Research Database from January 1, 2005, through De-
cember 31, 2011. The database is composed of detailed medical
records of more than 23 million insured enrollees, represent-
ing more than 99% of the population of Taiwan, of which 98%
are Han Chinese. The database includes enrollees’ demo-
graphic data, medical service providers and records, and ex-
penditure claims for inpatients, ambulatory care, and con-
tracted pharmacies. The diagnosis codes are from the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM). Data on all medications were col-
lected using the Anatomical Therapeutic Chemical classifica-
tion system codes of the World Health Organization. The accu-
racy of the diagnosis codes of diseases and data retrieved from
the database have been validated and published.17-19 The pro-
tocol for this study was approved by the Institutional Review
Board of Chang Gung Memorial Hospital. We retrieved the data
of patients receiving allopurinol prescriptions (Anatomical

Therapeutic Chemical code M04AA01), defined new users as in-
dividuals who had not received the drug in the past 3 years, and
collected the claims data, including medical orders, basic data
files, and drug master files. If an individual appeared as a new
user more than once during the study period, we used the in-
formation collected at the first instance.

Incidence Analysis
The ICD-9-CM diagnosis codes of hypersensitivity reactions in-
cluded dermatitis due to drugs and medicines (code 693.0); ery-
thema multiforme, Stevens-Johnson syndrome, and toxic epi-
dermal necrolysis (code 695.1); unspecified erythematous
conditions (code 695.9); and other specified erythematous con-
ditions (code 695.89). Because the symptoms and onset of al-
lopurinol-induced or other drug-induced hypersensitivity re-
actions usually developed within the first 3 months after drug
exposure,20,21 we identified patients with allopurinol hyper-
sensitivity if the new users had diagnosis codes (ICD-9-CM
codes 693.0, 695.1, 695.9, and 695.89) within 3 months after
receiving the first allopurinol prescription and no further use
of the drug listed in the data set after the episode. Comedica-
tions were excluded as the cause if the drugs had been used
for longer than 3 months or continued to be used after the hy-
persensitivity reaction. Allopurinol hypersensitivity–related
hospitalization was defined as the patient being hospitalized
within 1 month of the episode. Based on the survival analysis
data of patients with Stevens-Johnson syndrome and toxic epi-
dermal necrolysis,22,23 we defined allopurinol hypersensitivity–
related mortality as the patient being deceased within 2 months
after the episode. For allopurinol hypersensitivity–related re-
nal complications, we excluded patients who had chronic re-
nal diseases before the episode and included patients who ex-
perienced renal insufficiency (ICD-9-CM codes 580-586) within
2 months after the episode. To limit coding errors in the ad-
ministrative data, the medical information of the patients with
allopurinol hypersensitivity was reviewed by 2 dermatolo-
gists (W.-H.C. and another physician).

Comparison Between the Nationwide Data Set and the
Hospital System–Based Medical Records
To ascertain the national database information, we retrieved the
data on allopurinol hypersensitivity from the electronic medi-
cal records of the Chang Gung Memorial Hospital Health Sys-
tem, which is the largest health care system in Taiwan, cover-
ing approximately one-tenth of the health services nationwide.
We collected clinical information, including photographs, pa-
thology results (if available), and laboratory data, from Janu-
ary 1, 2009, through December 31, 2011. Two experienced der-
matologists (W.-H.C. and another physician) reviewed the
detailed clinical information of the patients from the Chang Gung
Memorial Hospital Health System and compared the data set
with that retrieved from the national database using a consen-
sus definition of hypersensitivity reactions.24-26

Risk Factor Analysis
We examined several variables, including sex, age, initial al-
lopurinol dosage (low if ≤100 mg/d or high if >100 mg/d), co-
medications, comorbidities, and use of allopurinol for gout pre-
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vention or the treatment of asymptomatic hyperuricemia.
Comedications for analysis included antibiotics, anticonvul-
sants, thiazide diuretics, and angiotensin-converting en-
zyme inhibitors.27,28 Comorbidities consisted of the follow-
ing ICD-9-CM codes: (1) chronic renal diseases, which range
from renal dysfunction to renal failure (codes 580-586) and un-
specified small kidney disease (code 589); (2) diabetes melli-
tus (code 250); (3) cardiovascular diseases, which include is-
chemic heart disease (codes 410-414) and heart failure (code
428); and (4) cancer (codes 140-208 and 230-234). If a new user
had been diagnosed as having any of these comorbid dis-
eases within 3 years before the diagnosis of allopurinol hyper-
sensitivity, the comorbidities were considered. Asymptom-
atic hyperuricemia was identified in patients with allopurinol
prescriptions but without the diagnosis code for gout (ICD-
9-CM code 274).

Statistical Analysis
Statistical software was used for the analyses (SPSS, version
20; SPSS Inc and SAS, version 9.2; SAS Institute Inc). Descrip-
tive statistics included the incidence analysis and basic char-
acteristics of participants, given as a percentage or number per
1000 new users. Poisson regression test and multivariable lo-
gistic regression analysis were used to investigate the trends
and associations among various risk factors, incidences, and
odds ratios (ORs). The 95% CIs and P values were reported.
P < .01 was considered statistically significant.

Results
Incidence of Allopurinol Hypersensitivity and Related
Hospitalization, Renal Complications, and Mortality
Based on the information retrieved from the national data-
base, we identified 1 613 719 patients receiving 9 721 780 allo-
purinol prescriptions between 2005 and 2011 (Table 1). Among
those, 495 863 were new users. The proportion of allopurinol
new users with asymptomatic hyperuricemia increased from
36.7% in 2005 to 49.5% in 2011. The annual incidence of allo-
purinol hypersensitivity increased from 3.71 per 1000 new us-
ers in 2005 to 6.12 per 1000 new users in 2011 and showed an
overall incidence of 4.68 per 1000 new users. The increased
annual incidence of allopurinol hypersensitivity was statisti-
cally significant (P < .001, Poisson regression test) (Figure). The
annual incidence of allopurinol hypersensitivity–related hos-
pitalizations also statistically significantly rose from 1.63 per
1000 new users in 2005 to 2.35 per 1000 new users in 2011
(P = .001, Poisson regression test), with an overall incidence
of 2.02 per 1000 new users (Table 1). The annual incidence of
allopurinol hypersensitivity–related mortality increased from
0.36 per 1000 new users in 2005 to 0.39 per 1000 new users in
2011, accounting for 8.3% (193 of 2322 patients) of the total mor-
tality among the patients during the 7-year period. In total, 2.8%
(64 of 2322 patients) developed renal complications or inju-
ries after the episode of allopurinol hypersensitivity. The ICD-
9-CM diagnosis code 695.1 (erythema multiforme, Stevens-
Johnson syndrome, and toxic epidermal necrolysis) was found
in 28.3% of patients with allopurinol hypersensitivity, in 51.1%
of hospitalized patients, and in 66.8% of deceased patients.

Figure. Annual Incidence of Allopurinol Hypersensitivity in Taiwan
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A retrospective nationwide population study was conducted using data from
the Taiwan National Health Insurance Research Database. The medication and
disease diagnostic data of enrollees were collected between 2005 and 2011.
During the 7-year period, 495 863 enrollees were identified as new users. The
curve represents the annual incidence of allopurinol hypersensitivity in the new
users, which increased from 3.71 per 1000 new users in 2005 to 6.12 per 1000
new users in 2011. The increased annual incidence of allopurinol
hypersensitivity was statistically significant (P < .001, Poisson regression test).
Solid line indicates incidence of the observed data; dotted line, trend estimation
using linear regression analysis.

Table 1. Annual Incidence of Allopurinol Hypersensitivity and Related Hospitalization, Mortality, and Renal Complications

Year Prescriptions
Allopurinol
Users

Allopurinol
New Users

Using Allopurinol
for Asymptomatic
Hyperuricemiaa

Allopurinol
Hypersensitivitya

Allopurinol
Hypersensitivity–
Related
Hospitalizationa

Allopurinol
Hypersensitivity–
Related Mortalitya

Allopurinol
Hypersensitivity–
Related Renal
Complicationsb

2005 1 337 822 244 309 84 025 30 819 (366.8) 312 (3.71) 137 (1.63) 30 (0.36) 12 (3.85)

2006 1 298 684 231 855 79 180 30 537 (385.7) 318 (4.02) 151 (1.91) 29 (0.37) 11 (3.46)

2007 1 312 678 227 842 71 717 30 332 (422.9) 302 (4.21) 138 (1.92) 22 (0.31) 3 (0.99)

2008 1 374 479 227 658 69 932 30 265 (432.8) 356 (5.09) 143 (2.04) 33 (0.47) 14 (3.93)

2009 1 422 262 228 270 64 478 29 347 (455.1) 341 (5.29) 154 (2.39) 27 (0.42) 10 (2.93)

2010 1 468 407 227 853 67 056 30 080 (448.6) 329 (4.91) 141 (2.10) 29 (0.43) 6 (1.82)

2011 1 507 448 225 932 59 475 29 437 (494.9) 364 (6.12) 140 (2.35) 23 (0.39) 8 (2.20)

Total 9 721 780 1 613 719 495 863 210 817 (425.1) 2322 (4.68) 1004 (2.02) 193 (0.39) 64 (2.76)
a Data are given as the number of patients (incidence per 1000 new users).
b Data are given as the number of patients (incidence per 100 patients).
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Comparison of the Incidence of Allopurinol Hypersensitivity
Between the Nationwide Data Set and the Hospital
System–Based Medical Records
The national database reported 8817 new users and 33 cases of
allopurinol hypersensitivity from the Chang Gung Memorial
Hospital Health System between 2009 and 2011. The incidence
was 3.74 per 1000 new users (33 of 8817 patients) in the medi-
cal records compared with 4.68 per 1000 new users (2322 of 495
863 patients) in the national database. All medical records of the
33 patients were reviewed by experienced dermatologists, and
the diagnosis of allopurinol hypersensitivity was confirmed.
Two of the 33 patients died of Stevens-Johnson syndrome and
toxic epidermal necrolysis, and one patient died of drug rash
with eosinophilia and systemic symptoms. The mortality rate
was 9.1% (3 of 33 patients) in the medical records sample com-
pared with 8.3% (193 of 2322 patients) in the national database.

Characteristics of Allopurinol Hypersensitivity
and Its Related Hospitalizations and Mortality
Table 2 lists the numbers of new users and patients with allo-
purinol hypersensitivity and related hospitalizations and mor-

tality. The incidences of allopurinol hypersensitivity and its re-
lated hospitalizations and mortality increased in individuals
with the following characteristics: female sex, age 60 years or
older, initial allopurinol dosage exceeding 100 mg/d, use of the
drug to treat asymptomatic hyperuricemia, and comorbidi-
ties of chronic renal diseases, cardiovascular diseases, diabe-
tes mellitus, or cancer. The use of allopurinol for asymptom-
atic hyperuricemia without gout indication accounted for
42.5% (210 817 of 495 863 patients) of new users. The inci-
dences of allopurinol hypersensitivity and related hospital-
izations and mortality were higher in patients receiving the
drug to treat asymptomatic hyperuricemia accompanied by re-
nal or cardiovascular diseases. The results of the multivari-
able logistic regression analysis of risk factors for allopurinol
hypersensitivity and mortality are summarized in Table 3.

Female Sex and Older Age and Increased Risk
of Allopurinol Hypersensitivity and Mortality
Females were at higher risk for allopurinol hypersensitivity (OR,
1.45; 95% CI, 1.35-1.56; P < .001) and related mortality (OR, 1.63;
95% CI, 1.28-2.08; P < .001) (Table 3). The incidence of allopu-

Table 2. Patient Characteristics and Incidence of Allopurinol Hypersensitivity and Related Hospitalization
and Mortality in New Users

Variable

Allopurinol New
Users, No. (%)
(n = 495 863)

Allopurinol
Hypersensitivitya

Allopurinol
Hypersensitivity–
Related
Hospitalizationa

Allopurinol
Hypersensitivity–
Related Mortalitya

Sex

Male 360 652 (72.7) 1387 (3.85) 518 (1.44) 92 (0.26)

Female 135 211 (27.3) 935 (6.92) 486 (3.59) 101 (0.75)

Age, y

0-39 103 254 (20.8) 334 (3.23) 130 (1.26) 9 (0.09)

40-59 187 017 (37.7) 648 (3.46) 200 (1.07) 16 (0.09)

60-79 165 932 (33.5) 951 (5.73) 455 (2.74) 101 (0.61)

≥80 39 660 (8.0) 389 (9.81) 219 (5.52) 67 (1.69)

Initial allopurinol dosage, mg/d

Low, ≤100 235 708 (47.6) 1098 (4.66) 384 (1.63) 55 (0.23)

High, >100 259 726 (52.4) 1223 (4.71) 620 (2.39) 138 (0.53)

With renal diseases

No 442 227 (89.2) 1914 (4.33) 767 (1.73) 131 (0.30)

Yes 53 636 (10.8) 408 (7.61) 237 (4.42) 62 (1.16)

With cardiovascular diseases

No 372 797 (75.2) 1565 (4.20) 624 (1.67) 89 (0.24)

Yes 123 066 (24.8) 757 (6.15) 380 (3.09) 104 (0.85)

With diabetes mellitus

No 389 063 (78.5) 1693 (4.35) 675 (1.73) 119 (0.31)

Yes 106 800 (21.5) 629 (5.89) 329 (3.08) 74 (0.69)

With cancer

No 466 887 (94.2) 2141 (4.59) 925 (1.98) 167 (0.36)

Yes 28 976 (5.8) 181 (6.25) 79 (2.73) 26 (0.90)

Using allopurinol for
asymptomatic hyperuricemia

No 285 046 (57.5) 902 (3.16) 329 (1.15) 57 (0.20)

Yes 210 817 (42.5) 1420 (6.74) 675 (3.20) 136 (0.65)

With renal diseases 27 851 (5.6) 266 (9.55) 164 (5.89) 48 (1.72)

With cardiovascular
diseases

62 429 (12.6) 511 (8.19) 278 (4.45) 82 (1.31)
a Data are given as the number of

patients (incidence per 1000 new
users).
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rinol hypersensitivity increased statistically significantly in new
users 60 years or older, particularly those 80 years or older (OR,
2.27; 95% CI, 1.97-2.60; P < .001). The risk of allopurinol
hypersensitivity–related mortality was 12-fold higher in pa-
tients older than 80 years (OR, 12.37; 95% CI, 6.24-24.53;
P < .001) compared with those 0 to 39 years old (Table 3). In
addition, a high initial allopurinol dosage (>100 mg/d) in-
creased the risk of allopurinol hypersensitivity (OR, 1.27; 95%
CI, 1.18-1.37; P < .001) but not mortality (OR, 1.07; 95% CI, 0.83-
1.38; P = .61). The use of comedications such as antibiotics,
antiepileptic drugs, thiazide diuretics, and angiotensin-

converting enzyme inhibitors was not associated with allopu-
rinol hypersensitivity or mortality.

Cardiovascular or Renal Diseases and Increased Risk of
Allopurinol Hypersensitivity and Mortality
Multivariable logistic regression analysis showed that comor-
bid chronic renal diseases statistically significantly increased
the risk of allopurinol hypersensitivity (OR, 1.49; 95% CI, 1.38-
1.61; P < .001) and mortality (OR, 2.20; 95% CI, 1.69-2.87;
P < .001) (Table 3). Comorbid cardiovascular diseases also
increased the risk of allopurinol hypersensitivity (OR, 1.13;

Table 3. Multivariable Logistic Regression Analysis of Risk Factors Associated With Allopurinol Hypersensitivity
and Related Mortality

Variable

Odds Ratio (95% CI)

Allopurinol Hypersensitivity P Value
Allopurinol Hypersensitivity–
Related Mortality P Value

Sex

Male 1 [Reference] NA 1 [Reference] NA

Female 1.45 (1.35-1.56) <.001 1.63 (1.28-2.08) <.001

Age, y

0-39 1 [Reference] NA 1 [Reference] NA

40-59 1.02 (0.91-1.14) .74 1.03 (0.48-2.19) .95

60-79 1.43 (1.27-1.61) <.001 5.54 (2.84-10.80) <.001

≥80 2.27 (1.97-2.60) <.001 12.37 (6.24-24.53) <.001

Initial allopurinol dosage, mg/d

Low, ≤100 1 [Reference] NA 1 [Reference] NA

High, >100 1.27 (1.18-1.37) <.001 1.07 (0.83-1.38) .61

Antibiotics

No 1 [Reference] NA 1 [Reference] NA

Yes 1.03 (0.77-1.38) .83 0.93 (0.30-2.89) .89

Antiepileptic drugs

No 1 [Reference] NA NA NA

Yes 0.48 (0.21-1.06) .07 NA NA

Thiazide diuretics

No 1 [Reference] NA 1 [Reference] NA

Yes 1.02 (0.78-1.32) .90 1.32 (0.67-2.57) .42

Angiotensin-converting
enzyme inhibitors

No 1 [Reference] NA 1 [Reference] NA

Yes 0.88 (0.74-1.06) .17 1.26 (0.80-2.01) .32

With renal diseases

No 1 [Reference] NA 1 [Reference] NA

Yes 1.49 (1.38-1.61) <.001 2.20 (1.69-2.87) <.001

With cardiovascular diseases

No 1 [Reference] NA 1 [Reference] NA

Yes 1.13 (1.04-1.22) .003 1.79 (1.39-2.30) <.001

With diabetes mellitus

No 1 [Reference] NA 1 [Reference] NA

Yes 0.92 (0.85-0.99) .03 0.96 (0.74-1.25) .75

With cancer

No 1 [Reference] NA 1 [Reference] NA

Yes 0.97 (0.88-1.07) .60 0.69 (0.49-0.97) .03

Using allopurinol for
asymptomatic hyperuricemia

No 1 [Reference] NA 1 [Reference] NA

Yes 2.08 (1.94-2.24) <.001 2.32 (1.79-3.01) <.001
Abbreviation: NA, not applicable.
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95% CI, 1.04-1.22; P = .003) and mortality (OR, 1.79; 95% CI,
1.39-2.30; P < .001). However, neither diabetes mellitus nor
cancer was associated with allopurinol hypersensitivity or
mortality.

Use of Allopurinol in Asymptomatic Hyperuricemia
Accompanied by Cardiovascular or Renal Diseases and
Increased Risk of Allopurinol Hypersensitivity and Mortality
The use of allopurinol in asymptomatic hyperuricemia was sta-
tistically significantly associated with allopurinol hypersen-
sitivity (OR, 2.08; 95% CI, 1.94-2.24; P < .001) and mortality (OR,
2.32; 95% CI, 1.79-3.01; P < .001) (Table 3). The subgroup analy-
sis further demonstrated that the use of allopurinol in asymp-
tomatic hyperuricemia accompanied by chronic renal dis-
eases statistically significantly increased the risk of allopurinol
hypersensitivity (OR, 1.61; 95% CI, 1.33-1.94; P < .001) and mor-
tality (OR, 5.59; 95% CI, 2.61-11.94; P < .001) (Table 4). In ad-
dition, the use of allopurinol in asymptomatic hyperuricemia
accompanied by cardiovascular diseases was statistically sig-
nificantly associated with allopurinol hypersensitivity (OR, 1.52;
95% CI, 1.19-1.93; P < .001) and mortality (OR, 3.57; 95% CI, 2.31-
5.51; P < .001). By comparison, asymptomatic hyperuricemia
without comorbid renal or cardiovascular diseases showed no
statistically significant association with allopurinol hypersen-
sitivity or its mortality.

Discussion
Allopurinol is generally well tolerated, but it can cause fatal
adverse reactions in rare cases. In this study, we retrieved data
from the Taiwan National Health Insurance Research Data-
base and report that the annual incidence rates were 4.68 per
1000 new users for allopurinol hypersensitivity, 2.02 per 1000
new users for related hospitalization, and 0.39 per 1000 new
users for related mortality. The HLA-B*58:01 is a genetic marker
of allopurinol hypersensitivity, but it has a low positive pre-
dictive value, suggesting that other factors contribute to the
reactions.20,29-31 In the present study, we identified nonge-
netic risk factors for allopurinol hypersensitivity, including fe-
male sex, age 60 years or older, initial allopurinol dosage ex-
ceeding 100 mg/d, and renal or cardiovascular comorbidities.
Because allopurinol is on the World Health Organization’s list
of essential medicines and is still the main drug for treating
hyperuricemia and gout, the data from this study suggest that
physicians should be cautious when prescribing allopurinol to

high-risk populations and should consider the potential risks
of fatal hypersensitivity reactions.

Regarding the potential implications of our findings in other
populations, allopurinol is a common drug that is associated
with severe cutaneous adverse reactions in different ethnic
groups, including Asians and Europeans.3-5,8,11,27,29-31 Epide-
miological data, including the incidence and mortality of allo-
purinol hypersensitivity reported herein, are consistent with pre-
vious studies.3-5,7,10-12,32,33 Allopurinol hypersensitivity typically
occurs in older patients with renal impairment in whom the dos-
age has not been appropriately reduced.12,34,35 It has been sug-
gested that the initial allopurinol dosage should be adjusted
based on patients’ serum creatinine levels.34,35 Guidelines pub-
lished by the American College of Rheumatology and the Clini-
cal Pharmacogenomics Implementation Consortium recom-
mend that initiating allopurinol treatment at a lower dosage may
decrease the risk of Stevens-Johnson syndrome or toxic epider-
mal necrolysis.36-38 In this study, we found that a high initial dos-
age (>100 mg/d) was associated with allopurinol hypersensi-
tivity (OR, 1.27; 95% CI, 1.18-1.37; P < .001) but not mortality. By
comparison, chronic renal diseases were strongly associated
with allopurinol hypersensitivity (OR, 1.49; 95% CI, 1.38-1.61;
P < .001) and mortality (OR, 2.20; 95% CI, 1.69-2.87; P < .001),
suggesting that effective excretion of oxypurinol, an allopuri-
nol metabolite, is important for preventing hypersensitivity
reactions. Our group’s recent study21 on plasma levels of oxy-
purinol in patients with allopurinol hypersensitivity also noted
that impaired renal function is associated with sustained high
levels of plasma oxypurinol and correlates with a poor prog-
nosis. Taken together, these data support that chronic renal
disease is one of the most important factors contributing to al-
lopurinol hypersensitivity.

Allopurinol has been increasingly used worldwide in pa-
tients with asymptomatic hyperuricemia in recent years.12-16

However, studies7,39 from Asia and Europe observed that a high
proportion of patients with allopurinol hypersensitivity had
received the drug without a clear indication of gout and that
the prescriptions were unnecessary based on current guide-
lines. In this study, we found that the proportion of patients
receiving allopurinol for treating asymptomatic hyperurice-
mia and the annual incidence of allopurinol hypersensitivity
were statistically significantly increased in recent years. The
increasing use of allopurinol in patients with cardiovascular
diseases may be explained by attempts to control rising se-
rum uric acid levels in patients with heart failure.12-14 In ad-
dition, allopurinol has been reported to decrease serum uric

Table 4. Association Between Asymptomatic Hyperuricemia Subgroups and Allopurinol Hypersensitivity
and Related Mortality

Asymptomatic
Hyperuricemia Subgroup

Odds Ratio (95% CI)

Allopurinol
Hypersensitivity P Value

Allopurinol
Hypersensitivity–Related
Mortality P Value

With renal diseases 1.61 (1.33-1.94) <.001 5.59 (2.61-11.94) <.001

With cardiovascular diseases 1.52 (1.19-1.93) <.001 3.57 (2.31-5.51) <.001

Without renal or
cardiovascular diseases

1.24 (0.94-1.63) .13 2.25 (0.95-5.36) .07
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acid and C-reactive protein levels, slow the progression of re-
nal disease, and reduce the risk of cardiovascular events.15

However, a systematic review found that studies related to the
safety and efficacy of allopurinol use in chronic renal dis-
eases showed inconsistent results.16 Carnovale et al39 further
reinforced a need for caution related to increased use of allo-
purinol in patients with asymptomatic hyperuricemia and its
consequences of potential hypersensitivity reactions. The pres-
ent study further notes that the use of allopurinol in patients
with asymptomatic hyperuricemia and renal or cardiovascu-
lar diseases statistically significantly increased the risk of al-
lopurinol hypersensitivity and mortality.

There are limitations to this study. The national database
contained diagnosis codes but did not provide detailed medi-
cal information such as the severity and phenotypes of allo-
purinol hypersensitivity. Moreover, the results relied exclu-
sively on the claims data, and misclassification of diseases may
occur in a registry-based data set. We could not ascertain
whether the patients had continued exposure to allopurinol
beyond the index prescription. In addition, data in the pres-
ent study were not confirmed using a secondary database, nor
were they validated in different ethnic populations. To exam-
ine the accuracy of the data, we retrieved the medical records
of patients with allopurinol hypersensitivity from the largest
medical center in Taiwan and confirmed the consistency of the
results between the nationwide data set and the hospital sys-
tem–based medical records. Furthermore, the epidemiologi-
cal data reported in this study were correlated with those in
the literature.3-5,7,10-12,32,33

Potential strategies may be considered to reduce the inci-
dence of allopurinol hypersensitivity. These include (1) HLA-
B*58:01 genetic testing before prescribing allopurinol to indi-
viduals among populations with a high prevalence of the risk
allele and (2) the use of alternative drugs in high-risk popula-
tions. The American College of Rheumatology and the Clini-
cal Pharmacogenomics Implementation Consortium re-
leased guidelines on gout and recommended HLA-B*58:01
genetic testing for patients of Asian ethnicity to clarify their
risk of allopurinol hypersensitivty.36-38 In 2010, the Taiwan Food
and Drug Administration relabeled the drug information for
allopurinol to note the association between HLA-B*5801 and
the risk of hypersensitivity. Many medical centers started to

provide HLA-B*58:01 genetic testing in 2011. However, the cost
of this test is not covered by the national health insurance, and
the testing was unavailable in many regional hospitals and pri-
vate clinics until recently. In this study, our data were col-
lected between 2005 and 2011, so the incidence of allopurinol
hypersensitivity was unaffected by the use of genetic testing.
As an alternative to allopurinol in high-risk populations, fe-
buxostat may be considered, which was approved in 2009
by the US Food and Drug Administration for the treatment of
gout. The Scottish Medicines Consortium approved febuxo-
stat as a cost-effective second-line option for urate-lowering
therapy to treat patients with chronic hyperuricemia when
treatment with allopurinol is inadequate, not tolerated, or
contraindicated.40 The Taiwan Food and Drug Administra-
tion has recently changed its policy for physicians regarding
the prescription of febuxostat as an alternative first-line anti-
hyperuricemic agent for patients with comorbid chronic re-
nal failure. Further studies are needed to determine the over-
all clinical benefits and pharmacoeconomic outcomes of
genetic testing and the use of alternative drugs to treat hyper-
uricemia and gout.

Conclusions
Allopurinol, a conventional first-line drug used for the treat-
ment of hyperuricemia and gout, is generally well tolerated.
However, its use has been associated with fatal hypersensi-
tivity reactions in rare cases. In this nationwide population-
based study of Taiwanese adults, we found 4.68 annual allo-
purinol hypersensitivity reactions per 1000 new users, with
2.02 related hospitalizations and a 0.39 incidence of related
death per 1000 new users. Female sex, high initial dosage, age
60 years or older, and chronic renal or cardiovascular comor-
bidities were associated with increased risk, particularly among
patients with asymptomatic hyperuricemia and renal or car-
diovascular diseases, for whom the benefits of treatment are
less clear. Physicians should be cautious when prescribing al-
lopurinol to patients with advanced age, cardiovascular dis-
ease, or impaired renal function and should consider the risks
of rare fatal adverse reactions compared with the drug’s po-
tential benefits.
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