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Summary: Purpose: To assess the association between expo-
sure to antiepileptic drugs (AEDs) and the occurrence of aplastic
anemia.

Methods: A retrospective case–control study was conducted
using data from the U.K. General Practitioners Research
Database (GPRD). Cases were defined as patients diagnosed
with aplastic anemia. For each case, up to three control patients
were matched on age, sex, and medical practice. Cases and con-
trols were compared with respect to AED use. The effects of
duration of AED use were assessed. Characteristics of individ-
ual cases with AED use were reviewed.

Results: The study population comprised 173 cases and 497
controls. AED use was more prevalent among cases (9.2%) than
among controls (0.8%). After adjustment for confounders, the

use of AEDs was significantly associated with aplastic anemia
(adjusted odds ratio (OR), 9.5; 95% confidence interval (CI),
3.0–39.7). The most frequently used AEDs were carbamazepine
(CBZ), valproic acid (VPA), and phenytoin. The 16 exposed
cases were heterogeneous with respect to patient and exposure
characteristics: the age of these patients varied from 1 to 92 years,
and the duration of AED use varied from 17 days to 6.8 years.

Conclusions: This study indicates that use of AEDs, in partic-
ular CBZ and VPA, is associated with a ninefold increased risk
of aplastic anemia. Physicians should be alert to the possibility
of AED-associated aplastic anemia. Key Words: Aplastic
anemia—Drug-induced—Antiepileptic drugs—GPRD—Case-
control study.

Aplastic anemia is a hematopoietic stem-cell disorder
characterized by pancytopenia of the peripheral blood and
hypocellular bone marrow. In its most severe form, aplas-
tic anemia requires intensive therapy with either bone mar-
row transplantation or immunosuppression. Case fatality
rate is approximately 10% (1).

Although aplastic anemia has an incidence of only a
few cases per million per year, it is one of the most feared
idiosyncratic complications of drug treatment. In addition
to causing patient harm, aplastic anemia may also harm
the drug: when evidence emerges that a drug is associated
with aplastic anemia, regulatory agencies are reluctant to
seek approval in case of a new drug, as well as inclined
to withdraw an already approved drug from the market
(2,3).
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The association between AED use and aplastic anemia
has been described in several case reports (4–7). The In-
ternational Agranulocytosis and Aplastic Anemia Study
(IAAAS) was conducted to identify various drugs that
were associated with an increased risk of agranulocytosis
or aplastic anemia (8). Although carbamazepine (CBZ)
and phenytoin (PHT)were suspected to be associated with
aplastic anemia, the authors acknowledged they had insuf-
ficient data to evaluate this specific association with AEDs
with adequate control for confounding. Blackburn et al.
(9) investigated the frequency of serious blood dyscrasias,
including aplastic anemia, in a cohort study among 29,357
patients taking AEDs. They found only one case of aplastic
anemia and could not draw specific conclusions with re-
spect to the association between use of antiepileptic agents
and aplastic anemia.

To our knowledge, no studies have specifically inves-
tigated the relation between AEDs and aplastic anemia.
Therefore the aim of our study was to assess the strength
of the association between AED use and the risk of aplastic
anemia.

1232



APLASTIC ANEMIA AND AEDS 1233

PATIENTS AND METHODS

We conducted a case–control study using data from the
UK-based General Practice Research Database (GPRD).
The GPRD contains the computerized medical records of
686 general practices in the U.K. Clinical data are stored
and retrieved by means of Oxford Medical Information
Systems (OXMIS) and Read codes for diseases or causes
of morbidity and mortality that are cross-referenced to
the International Classification of Diseases (ICD-9). The
GPRD has been shown to be a useful and valid source
for several observational studies, including research on
the frequency of blood dyscrasias among patients taking
AEDs (9), as well as a study on the risk of agranulocytosis
and neutropenia associated with current drug use (10). Our
study was approved by the Scientific and Ethical Advisory
Group of the GPRD.

We identified all patients with a first diagnosis of aplas-
tic anemia (ICD-9 code 284) recorded during the period
from the enrollment date of their practice in GPRD up to
the end of data collection (1987–2002). Cases were eli-
gible for inclusion if they had ≥1 year of history in the
GPRD. Given our interest in idiosyncratic disease, patients
with a history of use of chemotherapy, immunosuppres-
sive drugs, or hormone antagonists prior to the index date
were excluded. Control patients did not have a diagnosis
of aplastic anemia at any time. The same inclusion and
exclusion criteria were applied to controls and case pa-
tients. We matched up to three controls to each case on
age (within 1 year), sex, and medical practice. The index
date of each control patient was that of the matched case.

The determinant of interest in this study was exposure to
AEDs. Exposure status was based on the prescription in-
formation prior to the index date. Because aplastic anemia
may develop over several months after exposure to the sus-

TABLE 1. Characteristics of case patients with aplastic anemia and matched controls

Case (n = 173) Control (n = 479)
Characteristic No (%) No (%) OR (95% CI) p Value

Sex
Male 73 (42.2) 205 (42.8) N/A
Female 100 (57.8) 274 (57.2)

Age (yr)
<20 22 (12.7) 61 (12.7) N/A
20–39 19 (11.0) 49 (10.2)
40–59 35 (20.2) 99 (20.7)
60–79 64 (37.0) 178 (37.2)
≥80 33 (19.1) 92 (19.2)

Comorbidity
Malignancy 23 (13.3) 20 (4.2) 3.6 (1.8–7.4) <0.001
Viral infection 17 (9.8) 15 (3.1) 3.5 (1.6–8.2) 0.002
Allergy 9 (5.2) 3 (0.6) 7.7 (1.9–44.3) 0.002
Myelodysplasia 8 (4.6) 1 (0.2) 21.2 (2.8–946) <0.001

Comedication
Betalactam antibiotics 26 (15.0) 38 (7.9) 2.4 (1.3–4.6) 0.006
Antidepressants 14 (8.1) 17 (3.5) 2.4 (1.0–5.3) 0.041
NSAIDs 24 (13.9) 33 (6.9) 2.2 (1.2–4.1) 0.014

Matching variables: age and sex. N/A, not applicable.

pected agent and can have a lag time before definitive diag-
nosis (11), we defined exposure to AEDs as a prescription
for an AED within the time window of 1 year before the
index date. A medical history of malignancy (i.e., without
chemotherapy), systemic lupus erythematosus, myelodys-
plasia, megaloblastic anemia, mycobacterial infections,
viral infections, or allergies were in line with available
evidence considered as potential confounders (8,12,13).
In addition, exposure to nonantiepileptic agents that have
been implicated with aplastic anemia in the medical lit-
erature (8,12,13) or of which five or more case reports
in relation to aplastic anemia were reported to the WHO
Collaborating Centre for International Drug Monitoring
(14) were also considered potential confounding factors
(Appendix 1). Furthermore, characteristics of individual
cases with AED use, as available in the GPRD database,
were reviewed.

The strength of the association between use of AEDs
and aplastic anemia was estimated by using exact condi-
tional logistic regression analysis and expressed as odds
ratios (ORs) and 95% confidence intervals (CIs). Poten-
tial confounders were studied both in univariate models
and in a multivariate model. They were included in the
multivariate model if they induced a ≥10% change in the
crude OR for the exposure of interest.

RESULTS

Of 265 patients with a first diagnosis of aplastic ane-
mia, 92 patients did not meet our inclusion criteria (88%
because of a history in GPRD of <1 year). The study
population comprised 173 cases with aplastic anemia and
479 matched controls. The characteristics of cases and
controls are displayed in Table 1. History of malignancy,
viral infection, and allergy were more frequently reported
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TABLE 2. Association between use of AEDs and risk of aplastic anemia

Case (n = 173) Control (n = 479) Crude OR Adjusted OR
No. (%) No. (%) (95% CI) p Value (95% CI) p Value

AED use
No use 157 (90.8) 475 (99.2) 1.0 (Ref.) 1.0 (Ref.)
AED user 16 (9.2) 4 (0.8) 10.9 (3.5–45.1) <0.001 9.5 (3.0–39.7) <0.001

AED mono- versus polytherapy
No AEDs 157 (90.8) 475 (99.2) 1.0 (Ref) 1.0 (Ref)
AED monotherapy 11 (6.3) 4 (0.8) 7.9 (2.1–31.6) <0.001 7.3 (2.1–31.6) <0.001
AED polytherapy 5 (2.9) 0 16.1 (2.2–∞) 0.005 11.2 (1.3–∞) 0.025

Specific AED use
No use 157 (90.8) 475 (99.2) 1.0 (Ref.) 1.0 (Ref.)
Any CBZ 8 (4.6) 2 (0.4) 11.2 (2.2–108) 0.001 10.3 (2.0–101) 0.003
Any PHT 4 (2.3) 2 (0.4) 5.3 (0.8–58.7) 0.107 3.5 (0.4–44.4) 0.346
Any VPA 6 (3.5) 0 21.7 (3.1–∞) <0.001 18.2 (2.5–∞) 0.002

Odds ratios were adjusted for allergy.
CBZ, Carbamazepine; PHT, phenytoin; VPA, valproic acid.

TABLE 3. Individual features of 16 AED users among cases with aplastic anemia

AED in year Duration of last AED after Potential
Case Age (yr) Sex before index date AED regimen (days) index date confounders

1 1 F Carbamazepine 26 Continue carbamazepine –
2 8 M Vigabatrin and phenytoin 69 Vigabatrin and –

phenytoin: stop
Switch to clonazepam,

gabapentin, topiramate, and
ethosuximide

3 20 F Carbamazepine 174 Carbamazepine: stop Use of betalactam
No AEDs antibiotics and

antidepressants
4 33 M Lamotrigine, valproic acid,

and primidone
927 Valproic acid: stop

Continue lamotrigine
and primidone

–

5 39 F Phenytoin and carbamazepine 299 Carbamazepine and
phenytoin: stop

Recorded urticaria,
allergic rash

Switch to Gabapentin
6 40 M Carbamazepine 129 Carbamazepine: stop –

No AEDs
7 43 M Valproic acid 1,106 Valproic acid: stop –

Start: phenytoin,
vigabatrin, lamotrigine, and
carbamazepine

8 50 F Valproic acid and
carbamazepine

107 Carbamazepine and valproic acid: stop
No AEDs

Use of betalactam
antibiotics and
antidepressants

9 61 F Valproic acid 1,205 Continue valproic acid –
10 68 F Carbamazepine 1,291 Carbamazepine: stop –

No AEDs
11 70 F Phenytoin 235 Continue phenytoin –
12 71 M Carbamazepine 57 Carbamazepine: stop –

No AEDs
13 73 M Carbamazepine 113 Carbamazepine: stop

No AEDs
Use of betalactam

antibiotics and
antidepressants

14 75 F Valproic acid 638 Continue valproic acid –
15 81 F Phenytoin and phenobarbital 2,872 Phenytoin and phenobarbital: stop

No AEDs
–

16 92 F Valproic acid 2,492 Valproic acid: stop –
No AEDs –
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in the case group than in the control group, as were current
use of betalactam antibiotics, antidepressants, and nons-
teroidal antiinflammatory drugs (NSAIDs). Other deter-
minants were not significantly associated with aplastic
anemia (data not shown).

Overall, exposure to AEDs was more prevalent among
cases (9.2%) than among controls (0.8%), yielding a crude
OR of 10.9 (95% CI, 3.5–45.1). After adjustment for con-
founders, the OR was lower but still clearly increased
(adjusted OR, 9.5; 95% CI, 3.0–39.7). Polytherapy with
AEDs was more strongly associated with aplastic anemia
than was monotherapy (Table 2).

Of the 16 patients that were users of AEDs (Table 3),
eight used CBZ (OR, 10.3; 95% CI, 2.0–101), six used
VPA (OR, 18.2; 95% CI, 2.5-∞), and four used PHT (OR,
3.5; 95% CI, 0.4–44.4) during the year before the index
date. The cases were rather heterogeneous with respect to
age (range, 1–92 years) and duration of AED exposure
(range, 17 days to 6.8 years). For the latter, we chose the
duration of the last AED regimen. After aplastic anemia
was recorded, four patients continued their AED therapy,
two patients switched to other AEDs, and eight patients
discontinued AED therapy.

DISCUSSION

In this study, we found that exposure to AEDs was as-
sociated with a ninefold increased risk of aplastic anemia.

Several case reports described a possible association
between AED use and aplastic anemia, felbamate (FBM)
being the most frequently reported AED involved. In our
study population, none of the cases and the controls used
FBM, which could be explained by the study period (up to
2002). Use of CBZ and VPA was significantly associated
with aplastic anemia in our study. After aplastic anemia
had been diagnosed, the AED regimen was changed in
most patients, presumably indicating that physicians sus-
pected the AED to be responsible for aplastic anemia.

The pathophysiology of acquired aplastic anemia is
thought to be immune mediated. Since Palace and Lang
(15) hypothesized that autoimmune mechanisms might
have an etiologic role in patients with epilepsy, one could
argue that our results could be explained by the underlying
disease instead of the AED. However, evidence supporting
this hypothesis is not yet available in the literature.

This study should be seen in light of its limitations.
AEDs have been associated with several blood dyscrasias
(8,9). Therefore diagnostic suspicion bias could be a prob-
lem with aplastic anemia because clinicians often make
the diagnosis based on the drug-exposure history. This
could lead to an absolute risk overestimation. It is possi-
ble that patients with aplastic anemia died before being
diagnosed. This would have resulted in an underestima-
tion of the true risk estimate. Furthermore, the coding of

the outcome event may have been inaccurate. We did not
perform a validation of cases. Van Staa et al. (10) validated
cases of neutropenia and agranulocytosis in the GPRD by
sending questionnaires to the general practitioners (GPs):
the diagnosis was confirmed in 94.6% and 97.1% of cases,
respectively. Aplastic anemia is a laboratory-based diag-
nosis as well, but requires additional bone marrow exam-
ination. We cannot exclude the possibility of some mis-
classification, but it seems unlikely that this can explain
the large effect we observed.

To our knowledge, this study is one of the few epi-
demiologic studies on aplastic anemia and AED expo-
sure. Most of what is known or suspected about this as-
sociation is based on case reports. We used data up to
2002, whereas the last epidemiologic study on AEDs and
blood dyscrasias used data up until 1994 (9). We ad-
justed for confounding by taking into account comorbidi-
ties associated with aplastic anemia and other potentially
causal drugs, including the latest registrations in the WHO
database.

CBZ and VPA are the most widely prescribed AEDs.
However, the relative risk for aplastic anemia in other
AEDs may be comparable. Thus further research is needed
to study whether use of newer AEDs (besides FBM) such
as topiramate, levetiracetam, and gabapentin, is associ-
ated with the occurrence of aplastic anemia. It would
be interesting to study whether use of AEDs is associ-
ated with other immune-modulated hematologic adverse
events, such as pure red cell aplasia.

In conclusion, our study adds to the limited evidence
on the association between exposure to AEDs and aplastic
anemia. Thus physicians should be alert to the possibility
of AED-associated aplastic anemia.

APPENDIX 1. Potential confounders (8,12,13,14)

Diseases Prescription drugs

Cancer
Leukemia
Lymphoma
Megaloblastic anemia
Mycobacterial infections
Myelodysplasia
Systemic lupus

erythematosus
Viral infections

ACE inhibitors
Allopurinol
Amphotericin B
Antidepressive

drugs
Antipsychotics
Antithyroid

medication
Azoles
β Blockers
Betalactam

antibiotics
Calcium

antagonists
Carboanhydrase

inhibitors
Chloramphenicol
Clopidrogrel
Clozapine
Digoxin

Disease-modifying
antirheumatic drugs

H2 antagonists
Macrolide antibiotics
Mebendazole
Nitrofurantoin
NSAIDs
Oral antidiabetics
Proton-pump inhibitors
Quinolones
Statins
Sulfasalazine
Thiazides
Trimethoprim/

sulfamethoxazole
Vaccines

Other

Allergies
Pesticides
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