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Objective: To explore the relationship between anti-
epileptic drug (AED) use and nontraumatic fractures in
those aged 50 years and older.

Design: Retrospective matched cohort study.

Participants: A total of 15 792 persons, identified through
the Population Health Research Data Repository from Mani-
toba, Canada, with nontraumatic fractures of the wrist, hip,
and vertebra occurring between 1996 and 2004. Each pa-
tient was matched for age, sex, ethnicity, and comorbid-
ity with up to 3 controls (n=47 289).

Interventions: Prior AED use (carbamazepine, clonaz-
epam, ethosuximide, felbamate, gabapentin, lamotrigine,
levetiracetam, oxcarbazepine, phenobarbital, phenytoin,
pregabalin, primidone, topiramate, valproic acid, and vi-
gabatrin) was determined from pharmacy data in the re-
pository. Odds ratios (OR) for fracture from AED expo-

sure were adjusted for sociodemographic and comorbidity
factors known to affect fracture risk.

Results: A significant increase in fracture risk was found
for most of the AEDs being investigated (carbamazepine,
clonazepam, gabapentin, phenobarbital, and phenytoin).
The adjusted ORs ranged from 1.24 (95% confidence in-
terval [CI], 1.05-1.47) for clonazepam to 1.91 (95% CI,
1.58-2.30) for phenytoin. The only AED not associated with
increased fracture risk was valproic acid (adjusted OR, 1.10;
95% CI, 0.70-1.72).

Conclusions: Most AEDs were associated with an in-
creased risk of nontraumatic fractures in individuals aged
50 years or older. Further studies are warranted to as-
sess the risk of nontraumatic fractures with the newer
AEDs and to determine the efficacy of osteoprotective
medications in this population.
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O STEOPOROSIS AFFECTS

more than 50 million
people worldwide, with 9
million osteoporosis-
related fractures reported

annually.1,2 More than 80% of fractures in
those aged 60 years and older are osteopo-
rosis related.3 In the United States alone,
costs of treatment of incident osteoporotic
fractures exceeded $30 billion in 2004.4

There are many secondary risk factors
for osteoporosis.5 Antiepileptic drugs
(AEDs) are of particular concern, consid-
ering that epilepsy is highly prevalent in el-
derly persons, a population already at risk
for osteoporosis.6

Antiepileptic drugs are associated with
greater bone density reduction in post-
menopausal women with epilepsy com-
pared with controls.7 Two population-
based studies also confirmed that AED use
increases the rate of bone loss in adults older
than 65 years but, aside from phenytoin and
gabapentin, these studies were unable to ex-

amine the association of individual AEDs
with bone loss.8,9

A meta-analysis and 2 population-
based studies described an association be-
tween AEDs and fractures, but most stud-
ies focused on patients with epilepsy.10-12

The use of AEDs extends beyond seizure
management (eg, pain and psychiatric dis-
orders). One large population-based study
that included persons using an AED for any
indication found that carbamazepine, ox-
carbamazepine, clonazepam, phenobar-
bital, and valproate were associated with
fractures.13

Population-based studies assessing the
association between AEDs and fractures are
scarce, and none have focused solely on
older individuals. With expected increases
in the incidence of osteoporosis owing to
the aging population, we embarked on a
population-based, pharmaco-epidemiologi-
cal, matched cohort study to explore the re-
lationship between AED use and nontrau-
matic fractures in those older than 50 years.
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METHODS

DATA SOURCE

The data source used to carry out this retrospective matched
cohort study was the Population Health Research Data Reposi-
tory housed at the Manitoba Centre for Health Policy, a com-
prehensive health care–use database of nearly all residents of
the province of Manitoba, Canada (population, 1.18 million).14

Because of universal health care coverage in Canada, these data
capture virtually all residents of the province. Manitoba resi-
dents are provided with a unique personal health number by
the provincial health department that is scrambled to preserve
anonymity during data linkage.

The Research Data Repository has been extensively vali-
dated for determining the prevalence of osteoporotic fractures
and their risk factors.15,16 This database is therefore well suited
to investigate the association between the use of AEDs and frac-
tures of the hip, vertebra, and wrist.

IDENTIFICATION OF PARTICIPANTS

Cases were included in the study if they were aged 50 years or
older and had continuous health care coverage between April
1, 1988, and March 31, 2004, or until death. Nontraumatic (os-
teoporosis-related) fractures were identified in physician claims
or hospital discharge abstracts coded with the International Clas-
sification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) using diagnosis codes for vertebral (ICD-9-CM 805), wrist
(ICD-9-CM 813), or hip fracture (ICD-9-CM 820-821 plus a phy-
sician claim for hip fracture reduction or fixation, open or
closed). High-trauma fractures, defined by an external cause
of the injury (E codes), were excluded. The date of fracture be-
came the index date for the case and any matched controls.

Cases were excluded if they had used osteoprotective medi-
cations (selective estrogen receptor modulators, natural and semi-
synthetic estrogens, bisphosphonates, parathyroid hormone ana-
logues, or calcitonin) in the year prior to the fracture. Residents
of long-term care facilities were also excluded, as they are one
of the rare groups whose prescription medication history is not
fully captured in the Research Data Repository.

Each case was matched with up to 3 controls without a his-
tory of hip, wrist, or vertebral fractures. Controls were matched
by age (within 5 years), sex, degree of comorbidity, and ethnic-
ity (Aboriginal) status. The degree of comorbidity was defined
using the John Hopkins aggregated diagnosis groups (ADG).17

The number of ADGs for which the patient had received a di-
agnosis in the year before the fracture was calculated and cat-
egorized based on the total number of ADGs (0, 1-2, 3-5, �6).
The use of ADGs to quantify comorbidity and fracture risk has
previously been validated in the Manitoba databases.15

DETERMINATION OF AED EXPOSURE

The Drug Program Information Network database was used to
determine AED exposure. This pharmaceutical database has been
validated and found to be accurate at capturing drug dispen-
sations and prescription details.18 The database contains vir-
tually all pharmacy dispensations, and the drugs are coded using
the World Health Organization Anatomical Therapeutic Chemi-
cal classification system.19

The AEDs studied were carbamazepine (N03AF01), clonaz-
epam (NO3AE01), ethosuximide (N03AD01), gabapentin
(N03AX12), phenobarbital (N03AA02), phenytoin (N03AB02),
and valproic acid (N03AG01). Owing to smaller numbers of us-
ers, felbamate (N03AX10), lamotrigine (N03AX09), leveti-
racetam (N03AX14), pregabalin (N03AX16), primidone

(N03AA03), oxcarbazepine (N03AF02), topiramate (N03AX11)
andvigabatrin (N03AG04)weregrouped togetheras “otherAEDs.”

Antiepileptic drug exposure was classified as (1) nonusers
with no AED dispensations in the year prior to the index date;
(2) past users with 1 or more AED dispensations in the period
4 to 12 months prior to the index date; and (3) current users,
identified as those who had 1 or more AED dispensations within
4 months of the index date.

ASSESSMENT OF POTENTIAL CONFOUNDERS

We adjusted for potential confounders that have previously been
assessed using administrative data and found to be associated
with fracture risk.20 Specifically, we controlled for area of resi-
dence (urban, rural south, rural north) and income (based on
2001 Canada census public files and grouped into the lower 2
quintiles and upper 3 quintiles).21 We controlled for the fol-
lowing comorbidities using ICD-9-CM diagnosis codes from phy-
sician claims or hospital discharge abstracts during the 3 years
prior to the index date (case fracture): epilepsy, diabetes, is-
chemic heart disease, hypertension, rheumatoid arthritis, chronic
obstructive pulmonary disease (proxy for smoking), sub-
stance use, depression (as a marker of psychotropic drug use
such as selective serotonin reuptake inhibitors), schizophre-
nia (as a marker of psychotropic drug use), and dementia. Epi-
lepsy was defined using 2 physician visits or hospitalizations
coded with ICD-9-CM 345 for the 3 years prior to the index
date. We also controlled for home care use (proxy for frailty)
during the year prior to the index date.

STATISTICAL ANALYSIS

Conditional logistic regression models were developed for each
agent to assess the association between fractures and indi-
vidual AED use. Model 1 adjusted for sociodemographic vari-
ables and past AED use. Model 2 adjusted for sociodemo-
graphic variables, home care use, comorbidities, and past AED
use. Model 3 adjusted for sociodemographic variables, home
care use, comorbidities, and for all the AEDs simultaneously.
Specifically, separate variables were defined for each of the AEDs,
including the other AEDs group. One final model was tested
(model 4), in which each AED was included as a separate sub-
group if it was currently being used in monotherapy (ie, pa-
tient only taking 1 of the AEDs studied) or in polytherapy (pa-
tients taking more than 1 of the AEDs studied). The final model
was adjusted for sociodemographic variables, home care use,
and comorbidities. Odds ratios (ORs) for the risk of fracture
in AED vs non–AED users with 95% confidence intervals (CI)
were obtained. All regression analyses were performed using
SAS version 9.1.3 (SAS Inc, Cary, North Carolina).

RESULTS

A total of 15 792 patients met our case definition for non-
traumatic (osteoporotic) fracture between April 1996 and
March 2004. These cases were successfully matched for
age, sex, ethnicity, and number of ADGs to 47 289 con-
trols. Baseline characteristics of cases and controls are
shown in Table 1. Fracture cases were more likely to
live in urban dwellings (OR, 1.07; 95% CI, 1.03-1.10),
fall in the lowest income group (OR, 1.10; 95% CI, 1.06-
1.14), and have used home care services (OR, 1.74; 95%
CI, 1.66-1.82) compared with controls. The most com-
mon fracture site was the wrist (52.0%) followed by the
hip (26.2%) and, lastly, the vertebra (21.7%).
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The prevalence of comorbidities in fracture cases and
controls is shown in Table 2. Cases were more likely to
have epilepsy (OR, 2.89; 95% CI, 2.12-3.94), arthritis (OR,
1.29; 95% CI, 1.13-1.48), COPD (OR, 1.13; 95% CI, 1.08-
1.19), substance abuse (OR, 2.19; 95% CI, 1.95-2.45), de-
pression (OR, 1.47; 95% CI, 1.38-1.56), schizophrenia (OR,
2.17; 95% CI, 1.75-2.69), or dementia (OR, 1.96; 95% CI,
1.81-2.13). Those with fractures were less likely to have
hypertension (OR, 0.85; 95% CI, 0.82-0.88).

The odds of fracture, based on the type of AED, are
shown in Table 3 and the Figure. In both the partially
(models 1 and 2) and fully adjusted (model 3) models,
all AEDs except for valproic acid were associated with
fractures. Odds ratios in the fully adjusted model ranged
from a low of 1.24 (95% CI, 1.05-1.47) for clonazepam
to 1.49 (95% CI, 1.10-2.02) for gabapentin, 1.60 (95%
CI, 1.16-2.19) for phenobarbital, 1.81 (95% CI, 1.46-
2.23) for carbamazepine, and a high of 1.91 (95% CI, 1.58-
2.30) for phenytoin. The odds of fracture was 1.65 (95%
CI, 1.07-2.56) for other AEDs group. Similar results were
obtained when we tested the effect size of AEDs in mono-
therapy on fractures (Table 3, model 4), with the great-
est risk seen for those in the polytherapy subgroup (OR,
2.97; 95% CI, 2.26-3.89). All AEDs used in mono-
therapy were associated with significantly increased frac-
ture risk except for valproic acid (OR, 0.71; 95% CI, 0.36-

1.37), phenobarbital (OR, 1.31; 95% CI, 0.80-2.16), and
other AEDs (OR, 1.29; 95% CI, 0.69-2.43).

COMMENT

A significant increase in fracture risk was found for most
individual AEDs studied (except for valproic acid) in this
large population-based pharmaco-epidemiologic study of
older adults. This increased risk persisted after adjust-
ing for sociodemographic variables, comorbidities, and
use of home care services.

Ourstudy is consistentwithotherpopulation-basedstud-
ies, demonstrating an increased risk of fractures in indi-
viduals receiving AEDs.10-12 Most of these studies were small,
poorly controlled, or focused on individuals with epi-
lepsy. One large pharmaco-epidemiologic study by Ves-
tergaard et al13 examined the risk of fractures in individu-
als on AEDs, regardless of epilepsy status. One difference
compared with our study is that they included patients of
all ages, unlike our study, which focused on older indi-
viduals. Although their results were similar to ours, some
contradictory findings are worth noting. First, our study
found an association between phenytoin and the risk of frac-
ture, while the study by Vestergaard et al13 did not report
such an association. This is surprising considering that phe-
nytoin has been associated with bone loss.8,22,23 For ex-
ample, Pack et al23 followed up 93 premenopausal women
with epilepsy who were receiving AED monotherapy (car-
bamazepine, lamotrigine,phenytoin,orvalproate)andnoted
significant bone loss at the femoral neck as little as 1 year
after treatment initiation in the phenytoin group but not
in the other groups. These results must be interpreted cau-
tiously, as no control groups were enrolled in the latter
study.23 Second, the study by Vestergaard et al,13 contrary
to our study, reported an association between valproic acid
and fractures. Once again, the literature on the associa-
tion between valproic acid and bone loss or fracture is in-
consistent. In our study, valproic acid was significantly as-

Table 1. Baseline Characteristics of Fracture Cases
and Matched Nonfractured Controls

Characteristic

No. (%)

Univariate OR
(95% CI)a

Cases
(n=15 792)

Controls
(n=47 289)

Age, y
50-59 2755 (17.5) 8393 (17.8) NA
60-69 3142 (19.9) 9340 (19.8) NA
70-79 4512 (28.6) 13 749 (29.1) NA
�80 5283 (34.1) 15 807 (33.4) NA

Sex
Male 4696 (29.7) 14 080 (29.8) NA
Female 11 096 (70.3) 33 209 (70.2) NA

ADGs, No.b

0 1243 (7.9) 3721 (7.9) NA
1-2 3999 (25.3) 11 975 (25.3) NA
3-5 5901 (3704) 17 686 (37.4) NA
�6 4649 (29.4) 13 907 (29.4) NA

Fracture site
Vertebra 3431 (21.7) 0 (0.0) NA
Wrist 8216 (52.0) 0 (0.0) NA
Hip 4145 (26.2) 0 (0.0) NA

Residence
Rural north 9143 (57.9) 26 647 (56.4) 1.02 (0.92-1.13)
Urban 546 (3.5) 1603 (3.4) 1.07 (1.03-1.10)
Rural south 6103 (38.7) 19 039 (40.3) 0.93 (0.90-0.97)

Income
Low 7805 (49.4) 22 291 (47.1) 1.10 (1.06-1.14)
High 7987 (50.6) 24 998 (52.9) 0.91 (0.88-0.95)

Home care use 3891 (24.6) 7486 (15.8) 1.74 (1.66-1.82)

Abbreviations: ADG, aggregated diagnosis group; CI, confidence interval;
NA, not applicable; OR, odds ratio.

aStatistically significant results (�=.05) are in boldface.
bJohns Hopkins ADGs were used as an index of comorbidity. For each

patient, we determined the number of aggregated diagnosis groups in the
year before the fracture index date.

Table 2. Prevalence of Comorbidities in Fracture Cases
and Controls

Comorbidity

No. (%)

Univariate OR
(95% CI)a

Cases
(n=15 792)

Controls
(n=47 289)

Epilepsy 79 (0.5) 82 (0.2) 2.89 (2.12-3.94)
Diabetes 2419 (15.3) 7123 (15.1) 1.02 (0.97-1.07)
Ischemic heart

disease
2190 (13.9) 6884 (14.6) 0.95 (0.90-1.00)

Myocardial
infarction

576 (3.7) 1688 (3.6) 1.02 (0.93-1.13)

Hypertension 5362 (34.0) 17 838 (37.7) 0.85 (0.82-0.88)
Arthritis 311 (2.0) 725 (1.5) 1.29 (1.13-1.48)
COPD 2665 (16.9) 7203 (15.2) 1.13 (1.08-1.19)
Substance abuse 532 (3.4) 742 (1.6) 2.19 (1.95-2.45)
Depression 1574 (10.0) 3313 (7.0) 1.47 (1.38-1.56)
Schizophrenia 142 (0.9) 197 (0.4) 2.17 (1.75-2.69)
Dementia 999 (6.3) 1572 (3.3) 1.96 (1.81-2.13)

Abbreviations: CI, confidence interval; COPD, chronic obstructive
pulmonary disease; OR, odds ratio.

aStatistically significant results (�=.05) are in boldface.
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sociated with the odds of fracture in a model only adjusted
for sociodemographic variables but, after adjusting for home
care use and the presence of comorbid conditions, this as-
sociation was no longer statistically significant. Similar to
prior studies by Vestergaard et al13,24 and Souverein et al,12

the odds of fracture were statistically significant for carba-
mazepine, clonazepam, and phenobarbital, but the asso-
ciation between phenobarbital and fracture risk was no
longer significant once examined as monotherapy, possi-
bly owing to the smaller sample size. Our finding of an as-
sociation between gabapentin and nontraumatic fracture
has not, to our knowledge, been described in previous re-
search. However, an association between gabapentin and
bone loss has previously been described in men in 1 large
prospective study.9 The association between gabapentin and
fractures is surprising, although it is frequently used to treat
chronic pain syndromes. It is plausible that many persons
who are taking gabapentin are limited in their mobility (ow-

ing to pain), which can result in deconditioning, bone loss,
and fractures.

It is interesting that those with fractures were less likely
to have hypertension compared with those without frac-
tures, suggesting a possible osteoprotective benefit from
hypertension. This is consistent with prior studies sug-
gesting higher bone mineral density in those with hyper-
tension (possibly mediated through associations with over-
weight and obesity)25-27 but contrary to other studies
reporting that hypertension is associated with frac-
tures28,29 and bone density loss.30 Antihypertensives have
been found to be osteoprotective by reducing blood pres-
sure, which can lead to decreased urinary calcium loss and
subsequent decreased fracture risk or increased bone min-
eral density.31-35

Four different logistic regression models to assess effect
size were used in the current study, each of varying com-
plexity. The OR of sustaining a fracture decreased in mag-
nitude when we added markers of frailty (eg, home care
use) and comorbidity measures, suggesting a common
mechanism to promote fracture risk in this population that
may not be specifically AED related. Some of these mecha-
nisms may be related to underlying health issues such as
deconditioning, lack of antigravity activity, lack of sun ex-
posure, low calcium intake, and overall poor vitamin D
intake.8 Unfortunately, we did not have the ability to spe-
cifically adjust for these in our study, although adjust-
ment for home care use was chosen as a surrogate marker
for lack of antigravity activity and deconditioning.

There are other confounding factors that could contrib-
ute to bone loss in our population besides the ones for which
we were able to adjust. For example, psychotropic drugs,
in particular selective serotonin reuptake inhibitors, have
been associated with bone density loss and fracture risk.36,37

There is often overlap between antidepressant and anti-
epileptic drug use. However, to minimize confounding from
psychotropic agents, we adjusted for depression as a sur-
rogate marker for psychotropic drug use.

There are strengths and limitations to our study. One
strength is the population-based nature of the data source,

Table 3. Odds Ratios and 95% Confidence Intervals for the Association Between Current Use of Antiepileptic Drugs and Fractures

AEDb

OR (95% CI)a

Model 1 Model 2 Model 3c Model 4

Carbamazepine 2.21 (1.81-2.70) 1.91 (1.55-2.35) 1.81 (1.46-2.23) 1.77 (1.40-2.24)
Clonazepam 1.59 (1.36-1.87) 1.26 (1.06-1.49) 1.24 (1.05-1.47) 1.27 (1.06-1.51)
Gabapentin 1.74 (1.30-2.34) 1.57 (1.16-2.13) 1.49 (1.10-2.02) 1.61 (1.15-2.25)
Phenobarbital 2.62 (1.97-3.48) 2.17 (1.61-2.94) 1.60 (1.16-2.19) 1.31 (0.80-2.16)
Phenytoin 2.64 (2.23-3.12) 2.10 (1.75-2.52) 1.91 (1.58-2.30) 1.85 (1.50-2.29)
Valproic acid 2.09 (1.36-3.19) 1.25 (0.80-1.95) 1.10 (0.70-1.72) 0.71 (0.36-1.37)
Other AEDsd 2.73 (1.80-4.13) 2.05 (1.33-3.14) 1.65 (1.07-2.56) 1.29 (0.69-2.43)
Multiple current AEDs 2.97 (2.26-3.89)

Abbreviations: AED, antiepileptic drug; CI, confidence interval; OR, odds ratio.
aModel 1 was adjusted for sociodemographic variables�past AED use; model 2, for sociodemographic variables�homecare use�comorbidities�past AED

use; model 3, for sociodemographic variables�homecare use�comorbidities and all AEDs simultaneously; model 4, all AEDs were tested for monotherapy
(subjects currently taking a single AED) or polytherapy (subjects currently using more than 1 AED).

b In the first 3 models, the AEDs are included as variables whether or not they are used in monotherapy (subjects taking a single AED) or polytherapy (subjects
taking multiple AEDs).

cStatistically significant results (�=.05) are in boldface.
dOther AEDs includes felbamate, lamotrigine, levetiracetam, oxcarbazepine, pregabalin, primidone, topiramate, and vigabatrin (sample size for these too small

to test individually).

Carbamazepine∗

Carbamazepine†

Clonazepam∗

Clonazepam†

Gabapentin∗

Gapapentin†

Phenobarbital∗

Phenobarbital†

Phenytoin∗

Phenytoin†

Valproic acid∗

Valproic acid†

Other AEDs∗

Other AEDs†

0.1 1.0 10.0
Odds Ratio (95% CI)

Figure. Odds ratio with 95% confidence intervals (CIs) for the association
between current use of antiepileptic drugs (AEDs) and nontraumatic
fractures. *Unadjusted model; † fully adjusted model. Odds ratios greater
than 1 indicate increased risk of fracture.
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making it unlikely that selection bias occurred. Another
is the large sample size with matching for important risk
factors (age, sex, ethnicity, and number of comorbidi-
ties). We were able to adjust for many potential con-
founders (sociodemographic variables, multiple diag-
noses, and home care use) but could not specifically adjust
for vitamin D or calcium intake, physical activity level,
or other lifestyle factors. We also did not have bone min-
eral density measurements for these individuals, and only
fractures for which medical attention was sought are cap-
tured in administrative databases. Similarly, we had in-
adequate sample size to study some of the newer AEDs
individually (eg, lamotrigine, pregabalin, topiramate).

Our study was not designed to address the possible
mechanisms explaining the association between AEDs and
fractures, but proposed mechanisms of AED-related bone
disease include hepatic induction of cytochrome P450 en-
zymes leading to increased vitamin D metabolism, direct
action of AEDs on osteoblasts, impaired calcium absorp-
tion, elevated homocysteine, inhibition of response to para-
thyroid hormone, hyperparathyroidism, reduced repro-
ductive sex hormones, and reduced vitamin K level.38

In conclusion, our study showed that most AEDs ex-
cept for valproic acid are associated with an increased like-
lihood of nontraumatic fracture in individuals aged 50
years or older. Future prospective studies of AEDs in
newly treated drug-naive patients are needed to better
examine the individual effects of AEDs on bone health.
Second, the benefits of screening with bone densitom-
etry also need to be studied before any recommenda-
tions can be made regarding the timing and frequency
of bone densitometry screening in those on AEDs. Fi-
nally, randomized controlled trials assessing the effects
of vitamin D and calcium prophylaxis as well as other
osteoprotective medications in individuals who are re-
ceiving AEDs are also warranted.
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cal Neurosciences, Foothills Medical Centre, 1403-29 St
NW, Calgary, Alberta, Canada, T2N 2T9 (nathalie.jette
@albertahealthsevices.ca).
Author Contributions: All authors had full access to all
the data in the study and held final responsibility for the
decision to submit for publication. Study concept and de-
sign: Lix, Metge, and Leslie. Acquisition of data: Leslie.
Analysis and interpretation of data: Jetté, Lix, Metge, Prior,
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Topic Collections. Archives offers collections of articles
in specific topic areas to make it easier for physicians to
find the most recent publications in a field. These are
available by subspecialty, study type, disease, or prob-
lem. In addition, you can sign up to receive a Collec-
tion E-Mail Alert when new articles on specific topics
are published. Go to http://archneur.ama-assn.org
/collections to see these collections of articles.
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