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ABSTRACT

Objective: To test the hypotheses that older community dwelling men taking non– enzyme-
inducing antiepileptic drugs (NEIAEDs) and those taking enzyme-inducing antiepileptic drugs
(EIAEDs) have increased rates of hip bone loss.

Methods: We ascertained antiepileptic drug (AED) use (interviewer-administered questionnaire
with verification of use by containers) and measured hip bone mineral density (BMD) (using dual
energy x-ray absorptiometry) at baseline and an average of 4.6 years later in a cohort of 4,222
older community-dwelling men enrolled in the Osteoporotic Fractures in Men study. Men were
categorized as nonusers (no AED use at either examination, n � 4060), NEIAED user (use of
NEIAED only at either examination, n � 100), or EIAED user (use of EIAED only at either examina-
tion, n � 62).

Results: After adjustment for multiple potential confounders (age, race, clinic site, health status,
pain interfering with work or activity, physical activity, smoking status, alcohol use, total calcium
intake, diabetes, chronic kidney disease, vitamin D supplement use, bisphosphonate use, selec-
tive serotonin reuptake inhibitor use, inability to rise from a chair, body mass index, and baseline
BMD), the average rate of decline in total hip BMD was �0.35%/year among nonusers compared
with �0.53%/year among NEIAED users (p � 0.04) and �0.46%/year among EIAED users (p �

0.31). Multivariable adjusted rate of loss was �0.60%/year among men taking NEIAED at both
examinations, �0.51%/year among men taking NEIAED at one examination only, and �0.35%/
year among nonusers (p for trend � 0.03). Findings were similar at hip subregions.

Conclusion: Use of non– enzyme-inducing antiepileptic drugs was independently associated
with increased rates of hip bone loss in this cohort of older community-dwelling men.
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GLOSSARY
AED � antiepileptic drug; BMD � bone mineral density; CKD � chronic kidney disease; CV � coefficient of variation; DXA �
dual energy x-ray absorptiometry; EIAED � enzyme-inducing antiepileptic drugs; IDIS � Iowa Drug Information Service;
MrOS � Osteoporotic Fractures in Men; NEIAED � non–enzyme-inducing antiepileptic drugs; PASE � Physical Activity
Scale for the Elderly; SOF � Study of Osteoporotic Fractures; SSRI � selective serotonin reuptake inhibitors.

Antiepileptic drug (AED) use may be associated with higher rates of bone loss because AED use
may have adverse effects on bone metabolism.1 On the other hand, AED use may be a marker
of factors such as poor health, medical conditions, lifestyle behaviors, and neuromuscular
impairments that are associated with greater rates of bone loss. Thus, an apparent association
between AED use and bone loss might be due to these confounding factors rather than an
effect of AED use.
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The prevailing “induction” model ex-
plaining AED-related bone disease postu-
lates that use of enzyme-inducing AEDs
(EIAEDs) that increase activity of hepatic
mixed function oxidase enzymes accelerate
the metabolism of vitamin D3, resulting in
inactive metabolites, leading to decreased
fractional calcium absorption, secondary
hyperparathyroidism with greater bone re-
sorption, and higher rates of bone loss.2 Ev-
idence linking phenytoin (EIAED)3-7 and
phenobarbital (EIAED)4,5 to lower bone
mineral density (BMD) is generally consis-
tent with this theory. However, carbamaz-
epine (EIAED)6-10 has not been associated
with lower BMD, while valproic acid (non–
enzyme-inducing AED [NEIAED])3,7-9 has
been associated with lower BMD. Thus,
multiple mechanisms underlying AED-
related bone loss appear to exist, and all
types of AED are potentially implicated.11

Despite increasing utilization of newer
NEIAEDs,12 there is little data on the effect of
newer NEIAEDs on BMD.13,14 A cross-
sectional study7 reported that BMD did not
differ between premenopausal women with
epilepsy taking carbamazepine (EIAED),
phenytoin (EIAED), valproic acid (older
NEIAED), or lamotrigine (newer NEIAED).
However, cross-sectional studies examining
associations yield weaker evidence for causal-
ity and are more subject to potential biases
than prospective cohort studies.

To test the hypotheses that older men tak-
ing NEIAEDs and older men taking EIAEDs
have increased rates of hip bone loss, we ascer-
tained AED use and measured hip BMD at
baseline and an average of 4.6 years later in a
cohort of 4,222 older community-dwelling
men enrolled in the Osteoporotic Fractures in
Men (MrOS) study.

METHODS Participants. From March 2000 to April 2002,
5,995 men at least 65 years old were recruited for participation
in the baseline examination of the prospective MrOS study. Men
were recruited primarily from population-based listings in six
regions of the United States.15,16 We excluded men who were
unable to walk without assistance and men with a history of
bilateral hip replacement.

From March 2005 through April 2006, 4,530 men (85% of
active survivors) attended a second clinic examination. Of these,
4,230 men completed a medication inventory and technically
adequate hip BMD measurements at baseline and second exam-

inations. We excluded 8 men from our analysis who were taking
an EIAED in combination with a NEIAED at one or both exam-
inations. The remaining 4,222 men were included in the analyt-
ical cohort.

The institutional review boards for all participating institu-
tions approved the study protocol and the consent forms. All
men provided written informed consent.

AED use. Participants attending the baseline and second exam-
inations were asked to bring all current (any use within last 4
weeks) prescription and nonprescription medications. Interview-
ers completed a medication history for each participant, includ-
ing name of medication and frequency of use. All medications
recorded were stored in an electronic medications inventory da-
tabase. Each medication was matched to its ingredients based on
the Iowa Drug Information Service (IDIS) Drug Vocabulary
(College of Pharmacy, University of Iowa, Iowa City). A com-
puterized dictionary was used to categorize type of medication
from product brand and generic names obtained from contain-
ers.17 Subsequently, two physicians blinded to outcome status
reviewed the computerized drug data for AED use and verified
classification of each medication as a NEIAED (gabapentin, val-
proic acid, lamotrigine, levetiracetam, pregabalin, and tiagabine)
or EIAED (phenytoin, phenobarbital, primidone, carbamaz-
epine, oxcarbazepine, topiramate). No participant reported tak-
ing ethosuximide, felbamate, methsuximide, or ethotoin at
either examination.

After excluding eight men who were taking an EIAED in
combination with a NEIAED at one or both examinations (there
were no men taking EIAED at one examination and NEIAED at
the other), men were classified as NEIAED users (reported NE-
IAED use at either examination, n � 100), EIAED users (re-
ported EIAED use at either examination, n � 62), or nonusers
(reported no AED use at both examinations, n � 4,060). In
addition, men who reported NEIAED or EIAED use at only one
examination were categorized as intermittent users of that class
of AED, while men who reported use at both examinations were
classified as continuous users of that class of AED.

Measurement of BMD. BMD at the total hip and two subre-
gions (femoral neck, trochanter) was measured at both examina-
tions (mean � SD, 4.6 � 0.4 years between examinations) using
dual energy x-ray absorptiometry (DXA) with QDR-4500 W
scanners (Hologic, Inc., Bedford, MA). Repeat measurements
were performed on the same instruments as were used for the
initial measurements. A central quality control laboratory, certi-
fication of DXA technicians, and standardized procedures for
scanning were implemented to insure reproducibility of DXA
measurements. At baseline, a hip phantom was circulated and
scanned at the six clinical centers. Cross-calibration studies indi-
cated no linear differences across scanners and the inter-scanner
coefficient of variation (CV) was 0.9%. Each clinic scanned a hip
phantom throughout the study to monitor longitudinal changes,
and correction factors were applied to participant data as appro-
priate. In addition, multivariable models included an indicator
variable for the individual center to adjust for interclinic differ-
ences. The rate of change in hip BMD was expressed as an annu-
alized percentage of the initial value as percentage change in
BMD per year.

Other measurements. Participants completed a question-
naire and were interviewed at the baseline examination by
trained staff, who asked about health status, a physician diagno-
sis of selected medical conditions including diabetes, pain inter-
fering with normal work in the past month, smoking status, and
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alcohol use. Physical activity was assessed using the Physical Ac-
tivity Scale for the Elderly (PASE).18 Total calcium intake from
foods and supplements was estimated by using a modified Block
semiquantitative food-frequency questionnaire (Block Dietary
Systems, Berkeley, CA).19 Current use of vitamin D supple-
ments, hypoglycemic agents, selective serotonin reuptake inhibi-
tors (SSRI), and bisphosphonates was determined using the
method described for ascertainment of AED use. Tests of neuro-
muscular function included the ability to rise up from a chair
(without using the arms) five times. Weight was measured using
a calibrated scale and height was measured using a standard held-
expiration technique with a wall-mounted Harpenden stadiom-
eter (Holtain, UK). Height and weight were used to calculate a
standard body mass index. At the second examination, partici-
pants were asked about a physician diagnosis of chronic kidney
disease (CKD).

Statistical analysis. Characteristics of participants at the base-
line examination by category of AED use were compared (non-
users of AEDs vs NEIAED users, nonusers vs EIAED users)
using �2 tests for dichotomous variables, t tests for continuous
variables, and Wilcoxon rank sum test for categorical variables
with skewed distributions.

To examine the association between NEIAED use and rate
of change in BMD at the total hip and subregions (femoral neck,
trochanter), the annualized mean change in BMD and its 95%
CI was calculated for NEIAED users and nonusers using the
least-square-means procedure. Similar analyses were performed
to examine the association between EIAED use and rate of
change in BMD. Initial models adjusted for age alone. Known
risk factors for bone loss in the MrOS cohort and characteristics
related to AED use were considered to be potential confounders
and examined for inclusion in multivariable models. We in-
cluded in our multivariable models age, clinic, baseline total hip
BMD, and those variables (race, health status, pain interfering
with work, physical activity, smoking status, alcohol use, total
calcium intake, diabetes, CKD, vitamin D supplement use,
bisphosphonate use, SSRI use, inability to rise from a chair, and
BMI) related to use of NEIAED or use of EIAED at p � 0.10 or
rate of change in total hip BMD at p � 0.10 independent of age
and AED (NEIAED or EIAED) use.

In a secondary analysis performed to explore whether there
was evidence of an effect of duration of therapy, the annualized
mean change in BMD was calculated by category of NEIAED
use (nonusers of AED, intermittent NEIAED users, continuous
NEIAED users). A p value for linear trend in annualized mean
percent change in hip BMD between use groups was calculated.
Similar analyses were performed to examine the association be-
tween category of EIAED use and change in hip BMD. Since
prior studies have reported an association between valproic acid
use and lower BMD,3,7-9 we performed a secondary analysis ex-
amining the association between NEIAED use and rate of
change in hip BMD excluding men taking valproic acid at either
examination (n � 8). Since most of the NEIAED users in the
cohort reported taking gabapentin, we also performed an analy-
sis limited to gabapentin users (use of gabapentin alone at either
examination, n � 84) and nonusers. Similarly, we examined the
association between phenytoin use and rate of change in hip
BMD limiting the analysis to phenytoin users (n � 29) and
nonusers. Finally, analyses were performed in which propensity
scores were calculated indicating the likelihood of AED use (e.g.,
NEIAED use, EIAED use, gabapentin use, phenytoin use) based
on logistic regression with the use variable as the outcome and
the covariates in the multivariate model.20 This propensity score

was then used in place of the covariates in the models. Because
use of propensity scores did not substantially alter the findings,
models adjusted for multiple covariates are presented in this
article.

RESULTS Characteristics of the study population. The
cohort included 4,222 men, of whom 100 (2.4%)
were NEIAED users and 62 (1.5%) were EIAED us-
ers. The remaining 4,060 men (96.2%) reported no
AED use. Of the 100 NEIAED users, 78 reported
NEIAED use at either examination (intermittent
user) and 22 reported NEIAED use at both examina-
tions (continuous user). A total of 85 of the 100
NEIAED users reported gabapentin use at either ex-
amination; of these, one man took valproic acid at
baseline and gabapentin at the second examination.
Of the 62 EIAED users, 29 were intermittent and 33
were continuous users. A total of 29 of the 62
EIAED users were taking phenytoin either alone
(n � 26) or in combination with phenobarbital (n �
3). Specific drug use among men taking NEIAEDs
and men taking EIAEDs is listed in table 1. Charac-
teristics of the 4,222 participants by category of AED
use (nonuser of AED, NEIAED user, EIAED user)
are shown in table 2.

NEIAED use and rate of hip bone loss. On average,
men taking NEIAEDs had a higher age-adjusted rate
of bone loss at the total hip than nonusers of AEDs
(�0.63%/year vs �0.35%/year; p � 0.001) (table
3). After adjusting for multiple potential confound-
ers (including age, race, clinic, health status, pain in-
terfering with work, physical activity, smoking
status, alcohol use, total calcium intake, diabetes,
CKD, vitamin D supplement use, bisphosphonate
use, SSRI use, inability to rise from a chair, BMI, and
baseline total hip BMD), the difference was some-
what attenuated (�0.53%/year vs �0.35%/year,
p � 0.04). Findings were similar at the femoral neck
and trochanter.

In secondary analyses exploring whether there was
evidence of an effect of treatment duration, the mean
multivariable-adjusted annualized percent rate of
bone loss at the total hip was �0.35 (95% CI, �0.37
to �0.32) among nonusers, �0.51 (95% CI, �0.70
to �0.32) among intermittent NEIAED users, and
�0.60 (95% CI, �0.96 to �0.25) among continu-
ous NEIAED users (p for trend � 0.03). Findings
were similar at hip subregions (p for trend � 0.05).

Excluding users of valproic acid did not alter the
findings. In analyses limited to gabapentin users and
nonusers of AEDs (table 4), the magnitude of the
difference in age-adjusted rates of bone loss at the hip
was similar to that between men taking any
NEIAEDs and nonusers (�0.62%/year vs �0.35%/
year at total hip, p � 0.005). After adjustment for
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multiple potential confounders, the p value for the
comparison between gabapentin users and nonusers
was 0.05 at the femoral neck and 0.11 at the total hip
and trochanter.

EIAED use and rate of hip bone loss. Compared with
nonusers of AEDs, men taking EIAEDs appeared to
have a higher age-adjusted rate of bone loss at the
total hip (�0.55%/year vs �0.35%/year, p � 0.07)
(table 3). The difference was smaller after adjustment
for multiple potential confounders and not different
from zero (�0.46%/year vs �0.35%/year, p �
0.31). Findings were similar at hip subregions.

In secondary analyses examining for evidence of an
effect of treatment duration, the mean adjusted annual-
ized percent rate of decline at the total hip was �0.34

(95% CI, �0.37 to �0.32) among nonusers, �0.53
(95% CI, �0.84 to �0.21) among intermittent
EIAED users, and �0.40 (95% CI, �0.71 to �0.09)
among continuous EIAED users (p for trend � 0.43).
Findings were similar at hip subregions.

In analyses limited to phenytoin users and nonus-
ers of AEDs (table 4), men taking phenytoin ap-
peared to have a higher age-adjusted rate of hip bone
loss (�0.73%/year vs �0.32%/year at the trochan-
ter, p � 0.03; �0.65%/year vs �0.35%/year at the
total hip, p � 0.06; and 0.61%/year vs �0.32%/year
at the femoral neck, p � 0.17). While these differ-
ences were only slightly attenuated in magnitude af-
ter adjustment for multiple potential confounders,
the p value was 0.08 at trochanter, 0.15 at total hip,
and 0.19 at femoral neck.

DISCUSSION Nearly all previous investigations of
AED use and BMD are cross-sectional studies of se-
lect populations with inadequate control of con-
founders. Three prior prospective studies5,10,21

examined AED use and rates of bone loss, but were
limited by small sample size, selection bias, absence
of a comparison group of subjects not taking AEDs,
and lack of adjustment for potential confounders. A
prior analysis22 from the Study of Osteoporotic Frac-
tures (SOF), a prospective study of a large cohort of
older community-dwelling women similar in design
to MrOS, reported that phenytoin users had higher
adjusted rates of hip bone loss compared with nonus-
ers of AEDs. The 1.8-fold higher rate of loss among
women taking phenytoin in SOF was similar in mag-
nitude to the 1.7-fold higher rate of loss among men
taking phenytoin in this study, though the latter
comparison did not reach the level of significance in
multivariable models. Reasons for the apparent dis-
crepancy include more complete control of con-
founding in MrOS, gender differences in effects of
AEDs on bone loss, or inadequate power in MrOS to
detect an effect of phenytoin on bone loss. The
MrOS analysis had an 80% power to detect a differ-
ence of 0.35 or more in the annualized percent
change in total hip BMD between EIAED users and
nonusers of AEDs after adjustment for multiple con-
founders. Thus, our results do not exclude an effect
of EIAED use on rates of change in hip BMD. Fi-
nally, although the adjusted average rate of loss at
each hip site was higher among men taking
NEIAEDs than among men taking EIAEDs, 95%
CIs around the point estimates overlapped due to the
relatively small numbers of men taking AEDs. Our
study is not adequately powered to directly compare
these two AED user groups.

There is a paucity of longitudinal data examining
the rate of change in BMD among NEIAED users.

Table 1 Individual drug use within category of
antiepileptic drug (AED) use*

Baseline
examination

Second
examination

NEIAED† 42 80

Gabapentin 35 68

Valproic acid 7 4

Lamotrigine 0 1

Levetiracetam 0 3

Pregabalin 0 3

Tiagabine 0 1

EIAED‡ 39§ 56§

Phenytoin 22 25

Phenobarbital 6 7

Primidone 9 15

Carbamazepine 5 5

Oxcarbazepine 0 3

Topiramate 1 5

*Use of AED among the 4,222 men in the primary analysis;
excluded from this cohort were 8 participants who reported
use of NEIAED in combination with use of EIAED at one or
both examinations. There were no participants taking NE-
IAED at one examination and EIAED at the other examina-
tion.
†There were a total of 100 men who reported NEIAED use
at either examination. These included 22 men who reported
use at both examinations (21 reported use of the same
agent at both examinations), 20 who reported use at the
baseline examination only, and 58 who reported use at the
second examination only.
‡There were a total of 62 men who reported EIAED use at
either examination. These included 33 men who reported
use at both examinations (32 reported use of the same
agents at both examinations), 6 who reported use at the
baseline examination only, and 23 who reported use at the
second examination only.
§At baseline examination and second examination, 3 men
are on both phenytoin and phenobarbital; 1 is on both car-
bamazepine and topiramate.
NEIAED � non– enzyme-inducing AED; EIAED � enzyme-
inducing AED.

726 Neurology 71 September 2, 2008



Our results suggest that NEIAED use is associated in
a graded manner with rates of hip bone loss in older
men with lower rates of loss among nonusers of
AEDs, intermediate rates of loss among intermittent
users, and higher rates of loss among continuous us-
ers. These findings are supported by prior studies re-
porting higher fracture rates among NEIAED users
compared with nonusers of AEDs23 or a similar frac-
ture risk between patients taking NEIAEDs vs those
taking EIAEDs.24 In particular, our results suggest
that gabapentin users compared with nonusers of
AEDs have a 1.4- to 1.8-fold higher adjusted rate of
loss depending on the specific hip site.

Rates of bone loss may increase with AED use for
several reasons. Existing data both support and refute
the prevailing “induction” model,1,11,14 suggesting
that this model alone cannot account for higher rates
of bone loss among AED users. Some evidence sup-
ports deleterious effects of EIAEDs25 including phe-
nytoin and carbamazepine and NEIAEDs26-29

including valproic acid and levetiracetam on cultured
bone cells. We are not aware of studies examining the
effect of gabapentin on bone cells. However, gabap-

entin increases cerebral and spinal cord norepineph-
rine release30 and activation of osteoblastic adrenergic
receptors by norepinephrine decreases osteoblast
numbers and reduces bone formation.31 Gabapentin
mediated sympathetic nervous system activation
might at least partially explain a detrimental effect of
gabapentin on BMD. Several other potential biologic
mechanisms of AED-related bone loss have been
proposed.11,32-36 Detrimental effects of AED use on
bone may in part explain the higher incidence of
fractures in people with epilepsy.37,38

On the other hand, observational studies examin-
ing the association between AED use and rates of
bone loss are subject to confounding and AED use
may be a marker of other conditions or medications
that increase the risk of bone loss. To address poten-
tial confounding, our analyses were adjusted for sev-
eral factors associated with AED use or rates of
change in BMD. In addition, findings were consis-
tent in analyses adjusted for propensity scores indi-
cating likelihood of using AEDs.

Strengths of this study include its prospective de-
sign; study population comprised of a large cohort of

Table 2 Characteristics by category of antiepileptic drug use*

Nonusers
(n � 4,060)

NEIAED users
(n � 100) p Value

EIAED users
(n � 62) p Value

Mean age � SD, y 72.8 � 5.4 73.9 � 5.7 0.046 73.6 � 6.0 0.266

Caucasian race, % 90 89 0.704 94 0.371

Self-reported health status
(excellent or good), %

90 71 �0.001 82 0.061

Pain interfering with work†
(moderate to extreme), %

17 39 �0.001 23 0.244

Mean PASE score � SD 153 � 68 129 � 70 �0.001 119 � 65 �0.001

Current smoker, % 3 4 0.54 0 0.263

Mean alcoholic drink/wk � SD 4.4 � 6.8 2.8 � 4.3 0.008 3.3 � 6.1 0.008

Mean total calcium intake � SD,
mg/d

1,140 � 579 1,128 � 623 0.486 1,364 � 680 0.011

Diabetes mellitus‡, % 9 18 0.003 11 0.585

Hyperthyroidism, % 2 1 1.000 2 0.612

Hypothyroidism, % 7 5 0.535 3 0.435

Chronic kidney disease, % 2 4 0.083 0 0.626

Vitamin D supplement use, % 12 9 0.362 20 0.094

Bisphosphonate use, % 1 0 0.404 2 0.602

SSRI use, % 2 6 0.038 2 1.000

Inability to rise from chair, % 1 8 �0.001 5 0.068

Mean body mass index � SD, kg/m2 27.4 � 3.8 28.4 � 4.2 0.007 27.4 � 4.5 0.944

Mean total hip BMD � SD, g/cm2 0.96 � 0.14 0.97 � 0.14 0.691 0.95 � 0.16 0.561

*All characteristics assessed at the baseline examination, except chronic kidney disease, which was assessed at the sec-
ond examination.
†At least moderate pain during the past 4 weeks interfering with normal work (including both work outside the home and
housework).
‡Self report of a physician diagnosis of diabetes mellitus or use of hypoglycemic agents.
NEIAED � non– enzyme-inducing AED; EIAED � enzyme-inducing AED; PASE � Physical Activity Summary scale for the
Elderly; SSRI � selective serotonin reuptake inhibitor; BMD � bone mineral density.
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older men not selected on the basis of AED treat-
ment; verification of AED use; and adjustment for
several potential confounders. However, this study
has limitations. Participants were older men, and our
results may not apply to other populations. With the
exception of gabapentin, we had limited or inade-
quate power to examine the association between a
specific AED and bone loss. Dose, indications for
use, and compliance data were not available. Un-

measured changes in AED use may have occurred
between examinations which would bias our esti-
mates of the association toward the null hypothesis
of no association. Finally, analyses were adjusted
for several factors associated with use of NE-
IAEDs, use of EIAEDs, or rates of change in hip
BMD, but the possibility of confounding cannot be
eliminated without the use of a randomized, controlled
trial design.

Table 3 Mean annualized rate of change in hip BMD by category of antiepileptic drug use

Mean annualized % change in BMD (95% CI)

Nonuser (n � 4,060) NEIAED user (n � 100) EIAED user (n � 62)

Total hip

Age-adjusted model �0.35 (�0.38, �0.32) �0.63 (�0.80, �0.46)† �0.55 (�0.76, �0.33)

Multivariable model* �0.35 (�0.37, �0.32) �0.53 (�0.70, �0.36)‡ �0.46 (�0.68, �0.24)

Femoral neck

Age-adjusted model �0.33 (�0.36, �0.29) �0.64 (�0.86, �0.42)† �0.44 (�0.71, �0.16)

Multivariable model* �0.33 (�0.36, �0.29) �0.58 (�0.81, �0.36)‡ �0.43 (�0.72, �0.13)

Trochanter

Age-adjusted model �0.32 (�0.35, �0.29) �0.61 (�0.81, �0.41)† �0.53 (�0.78, �0.28)

Multivariable model* �0.32 (�0.35, �0.29) �0.53 (�0.73, �0.33)‡ �0.49 (�0.75, �0.22)

A total of 3,885 men were included in the multivariable models for the association between NEIAED use and rate of change
in hip BMD (275 men [273 nonusers and 2 users] were excluded owing to missing data). A total of 3,842 men were included
in the multivariable models for the association between EIAED use and rate of change in hip BMD (280 men [273 nonusers
and 7 users] were excluded owing to missing data).
*Multivariable models were adjusted for age, race, clinic, health status, pain interfering with work, physical activity, smoking
status, alcohol use, total calcium intake, diabetes, chronic kidney disease, vitamin D supplement use, bisphosphonate use,
selective serotonin reuptake inhibitor use, inability to rise from a chair, body mass index, and baseline total hip BMD.
†p � 0.01 for comparison between non– enzyme-inducing AED users and nonusers.
‡p� 0.05 for comparison between non– enzyme-inducing AED users and nonusers.
BMD � bone mineral density; NEIAED � non– enzyme-inducing AED; EIAED � enzyme-inducing AED.

Table 4 Mean annualized rate of change in hip BMD by specific antiepileptic drug use

Mean annualized % change in BMD (95% CI)

Nonuser (n � 4,060) Gabapentin users† (n � 84) Phenytoin users (n � 29)

Total hip

Age-adjusted model �0.35 (�0.38, �0.32) �0.62 (�0.80, �0.43)‡ �0.65 (�0.96, �0.34)

Multivariable model* �0.35 (�0.37, �0.32) �0.50 (�0.98, �0.31) �0.58 (�0.91, �0.26)

Femoral neck

Age-adjusted model �0.33 (�0.36, �0.29) �0.64 (�0.88, �0.40)‡ �0.61 (�1.02, �0.21)

Multivariable model* �0.33 (�0.36, �0.29) �0.58 (�0.82, �0.33)§ �0.61 (�1.04, �0.18)

Trochanter

Age-adjusted model �0.32 (�0.35, �0.29) �0.61 (�0.82, �0.39)‡ �0.73 (�1.09, �0.36)¶

Multivariable model* �0.32 (�0.35, �0.29) �0.50 (�0.72, �0.28) �0.66 (�1.04, �0.28)

*Multivariable models were adjusted for age, race, clinic, health status, pain interfering with work, physical activity, smok-
ing status, alcohol use, total calcium intake, vitamin D supplement use, bisphosphonate use, diabetes, chronic kidney dis-
ease, selective serotonin reuptake inhibitor use, inability to rise from a chair, body mass index, and baseline total hip BMD.
†Analysis limited to the 84 men taking gabapentin alone at either the baseline or second examination.
‡p� 0.01 for comparison between gabapentin users and nonusers.
§p� 0.05 for comparison between gabapentin users and nonusers.
¶p� 0.05 for comparison between phenytoin users and nonusers.
BMD � bone mineral density.
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We found that use of NEIAEDs is independently
associated with increased rates of hip bone loss in this
cohort of older men. Given the increasing utilization
of NEIAEDs, additional prospective studies of the
association between AED use (including NEIAED
and EIAED) and rates of change in BMD are war-
ranted. In addition, future investigations should ex-
amine alternative biologic mechanisms underlying an
association.

Received February 18, 2008. Accepted in final form May 23, 2008.
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