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Background: Chronic antiepileptic therapy has been associated with metabolic bone diseases 

including osteomalacia and osteoporosis. The object of this study was to assess the effect of first 
line anticonvulsants on bone density and vitamin D levels in Iranian ambulatory patients.  

Methods: We conducted a cross-sectional study assessing bone density with dual energy X-
ray absorptiometry at the hip and lumbar spine in 90 outpatients receiving anticonvulsants and 90 
normal subjects matched for age, sex, and body mass index. Plasma total calcium, intact 
parathyroid hormone, total alkaline phosphatase in addition to 25 hydroxy vitamin D were also 
determined in both groups.  

Results: The mean (±SD) bone density in patients treated with antiepileptic drugs was lower at 
the spine (T Score= -084±1.18 vs. -0.5±1.18, P< 0.05) and femoral neck (T Score= -0.83±1.11 vs.  
-0.46±1.1, P<0.05), compared to the control group of subjects. In addition, serum total alkaline 
phosphatase was significantly higher in patients (246.5±127 vs. 190±65.3, P=0.004), but the total 
calcium, parathyroid hormone and 25 hydroxy vitamin D did not differ significantly between 
patients and controls.  

Conclusion: Our results suggest that maintenance therapy with antiepileptic drugs may 
decrease bone mass. These data also suggest a higher bone turnover rate in those receiving 
anticonvulsants.   
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Introduction 
 

n association of skeletal abnormalities, 
namely florid rickets and osteomalacia, 
with chronic antiepileptic therapy was 

described approximately three decades ago.1 The 
exact mechanisms by which anticonvulsants may 
interfere with bone and mineral metabolism remain 
unclear. First generation antiepileptic drugs 
(AEDs)   such   as   phenytoin,   phenobarbital  and  

 
 
carbamazepine are thought to be hepatic enzyme 
inducers and by doing so may lead to altered 
vitamin D metabolism, vitamin D deficiency and 
subsequently secondary hyperparathyroidism and 
osteomalacia.1 But there are controversial data 
regarding the level of vitamin D and its metabolites 
during antiepileptic therapy.1–5 While some data 
are indicative of reduced 25(OH) vitamin D 
levels,2–3 others demonstrated no significant 
reduction4–5 associated with use of these drugs in 
epileptics. Also in two major studies,5–6 bone 
histomorphometry were compatible with a high 
bone turnover state resembling the histologic 
features of primary hyperparathyroidism instead of 
showing absent mineralization which is 
characteristic of osteomalacia. Furthermore, the 
skeletal consequences of each antiepileptic drug 
may vary, as newer AEDs such as valproic acid are 
not enzyme inducers.1,7  

Therefore, we selected a large group of 
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outpatients on first line anticonvulsants to elucidate 
the effects of AEDs, used as monotherapy or in 
combination, on bone health status in an Iranian 
population. Also the levels of parathormone (PTH) 
and vitamin D were evaluated in them. 

 
Patients and Methods 

 
All patients in the age range of 20 – 50 years 

who were on AEDS maintenance therapy and 
consecutively referred to our neurology outpatient 
clinic were invited to take part in this study. 
Patients were excluded if they had known risk 
factors for decreasing bone density including a 
history of menopause or oligoamenorrhea, heavy 
cigarette smoking (i.e. using 20 cigarettes or more 
a day for more than five years), diseases or 
medications8 known to influence calcium 
metabolism or bone mass; also excluded were 
those with abnormal renal or thyroid function tests. 
All patients were using AEDs for at least one year. 
All were clinically in remission (i.e. seizure free 
for at least one year) at the time of investigation 
and provided written informed consent. 

The patients were individually matched for age 
(±3 years), sex and body mass index (BMI) [±1 
kg/m²] with randomly selected healthy controls 
who were participating in an ongoing national 
osteoporosis survey in the local community.9 None 
of the healthy women had a history of 
oligoamenorrhea or menopause in the past or at the 
time of study, and none of the healthy participants 
were using medications known to affect bone 
density, including calcium or vitamin D 
supplements. 

Bone mineral density (BMD) was evaluated 
with a lunar dual-energy X-ray absorptiometer at 
the lumbar spine and femoral neck in all patients 
and controls. All BMD measurements were made 
by a single machine using fast scan mode (DPX-
IQ, Lunar Co., Madison, WI) with strict adherence 
to the procedures and instructions in the operator's 
manual. Instrument variation was determined 
regularly using a lunar spine phantom with 
coefficient of variation (CV) less than 0.5%. The in 
vivo CV was less than 1.3% for the lumbar spine 
and 1.2% for the femoral neck. BMD was 
expressed as T-scores, provided by bone 
densitometer’s software for both groups after 
comparing them with a young normal population 
database of the same sex and race.  

After a 12 hr overnight fast, blood samples 

were obtained in cases and controls and separated 
serum was kept frozen at -20°C until the time of 
analysis. Calcium (Ca), phorphorous (P), creatinine 
(Cr), total alkaline phosphatase (ALP) and albumin 
were determined with standard automated 
equipment. Total Ca was corrected for variance in 
serum albumin10 by the following formula: 
corrected total Ca (mg/dL)=measured Ca (mg/dL)+ 
0.8×[4-Alb (g/dL)]. The intact PTH was measured 
using an immunoradiometric assay (Diasorin, 
Stillwater, MN; normal range, 13 – 54 Pg/mL). 
Serum 25(OH) vitamin D was determined by     
radioimmunoassay (Biosource, Belgium).  

BMD   and lab values were compared with the 
use of unpaired Student’s t-test and a P-value of 
<0.05 was considered statistically significant. 
Results were expressed as mean and standard 
deviations (SD). Correlations between parameters 
were determined using Pearson or Spearman's rank 
test depending on the type of data. Chi-squared test 
was used for comparing proportions of those with 
osteopenia between cases and controls. To evaluate 
the relation between parameters such as duration of 
AED therapy and number of drug(s) (polytherapy 
versus monotherapy) on bone density; a stepwise 
linear multivariate regression analysis was 
performed to assess the presence of interaction 
with age, sex, BMI, PTH, and 25(OH) vitamin D 
as potential confounders in patients. 

 
Results 

 
A total of 90 patients (mean age: 31.3±9.9, 

female/male ratio=58/32) with epilepsy and 90 
controls (mean age: 35.1±8.5, female/male 
ratio=58/32) were studied. The BMI of cases were 
24.2±4 and those of controls were 25±3. The 
average duration of anticonvulsant therapy was 
11.5 (±7.4) years with a range of 1 – 35 years. At 
the time of study, 47(52%) patients were on 
monotherapy and 43(48%) were on a multiple drug 
regimen. The most common AEDs used by 
patients were carbamazepine (74%) followed by 
sodium valproate (31%), phenobarbital (21%), and 
phenytoin (12%). Only three patients were on 
lamotrigine or clonazepam. 

 The corrected total Ca (9.8±0.5 vs. 9.79±0.4 
mg/dL), P (3.6±0.2 vs. 3.9±0.4 mg/dL), PTH 
(26±11.7 vs. 28±8 pg/mL) and 25(OH) vitamin D 
(60.5±35.9 vs. 59.8±34.9 ng/mL) levels of the 
patient group were not statistically different from 
those of the control group. The mean serum total 
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ALP was significantly higher in subjects than their 
controls (246.5±127 vs. 190±65.3, P=0.004). No 
correlation was found between the PTH and serum 
levels of Ca (r=0.1, P=0.6), 25(OH) vitamin D (r 
=0.2, P=0.9) or ALP (r=0.4, P=0.5) in either 
group. Also no significant relationship existed 
between 25(OH) vitamin D and ALP (r= -0.1, 
P=.08), P (r=0.4, P=0.6) or Ca (r=0.1, P=.09) in 
both groups.  

Mean T-scores of the lumbar spine and femoral 
neck were significantly lower in patients (Table 1). 
Subgroup analysis showed that T-scores at the 
aforementioned sites were significantly lower in 
both female and male patients compared to their 
counterparts in the control group. Those on longer 
duration of AEDs (>5 yr, 84% of patients) had 
lower T-scores of the femoral neck compared to 
those receiving AEDs less than five years 
(P=0.03). But the lumbar spine T-score was not 
different between these two groups (P=0.14). Also 
a weak inverse correlation was found between 
duration of AEDs therapy and T-score of the 
femoral neck (r= -0.33, P=0.001). No significant 
relationship was found between duration of AEDs 
therapy and lumbar spine T-score (r= -0.2, 
P=0.09). When WHO criteria were applied, 
osteopenia or osteoporosis (T-score< -1.0) of at 
least one site was detected in 58 patients (64.4%) 
as compared to 39 controls (43.3%).The odds ratio 
for osteopenia in those on AED therapy, as 
compared to controls, was 2.4 (95% confidence 
interval, 1.3 – 4.3).  

 Those patients on multiple AEDs had a lower 
bone density compared to those on monotherapy  
(-1.28 vs. -0.64, P=0.024 for lumbar spine and  
-1.12 vs. -0.53, P=0.018 for femoral neck). Table 2 
shows the results of linear regression analysis to 
assess the effects of duration of AED therapy and 
polytherapy versus monotherapy on patients’ bone 
density. In multivariate analysis, the independent 
risk factor for osteopenia at the lumbar spine was 
polytherapy but not duration of therapy; whereas 

the independent risk factor for osteopenia at the 
femoral neck was duration of therapy (Table 2). 

   
Discussion  

 
We have demonstrated that epileptic patients 

treated with anticonvulsant medications have 
significantly decreased BMD and increased total 
ALP compared with normal controls. The higher 
serum total ALP may suggest accelerated skeletal 
turnover. Individuals with higher rates of bone 
turnover have been shown to lose bone at a much 
faster rate than subjects with normal or low bone 
turnover.11–12 Several clinical trials have indicated 
that a concomitant increase in BMD and decrease 
in bone turnover markers, including ALP and 
osteocalcin, occurred in postmenopausal women 
when they were given antiresorptive agents such as 
bisphosphonates and hormone replacement 
therapy.13–14 Although we did not measure markers 
of bone resorption in our study, several studies 
found an increased marker of bone resorption and 
formation in those on AEDs.15–16 Therefore, 
because of coupling, higher levels of total ALP in 
our patients may be secondary to higher rates of 
bone resorption in them. Secondary 
hyperparathyroidism has been implicated in the 
pathogenesis of skeletal changes seen in patients 
on AEDs and may account for the observed higher 
total ALP in our study group, but we could not 
demonstrate any difference between levels of PTH 
and 25(OH) vitamin D in patients and their 
controls. In addition, high bone turnover has been 
demonstrated with AED use despite normal levels 
of PTH.7,17 On the other hand, increased total ALP 
may be due to increased hepatic fraction of ALP as 
has been shown by others.5,18–19 

Although most studies indicate the presence of 
osteopenia in those receiving AEDs, the 
underlying pathophysiology remains uncertain.1,20 
Several mechanisms might be considered as 
contributing to this phenomenon.1,20 Traditionally, 

Table 1. Comparison of bone mineral density in patients on antiepileptic drugs and age, sex, and body mass index 
matched controls*   
 Patients Controls 

Bone measured Total Men Women  Total Men Women 

Lumbar spine (L2–L4) 
T Score # 

 

-0.84±1.44a 
 

-1.22±0.9b 
 

-0.7±0.44c 
 

-0.50±1.18 
 

-0.86± 0.6 
 

-0.3±0.21 
Femoral neck 
T Score 

 
-0.83±1.11d 

 
-1.03±0.7b 

 
-0.73±0.4c 

 
-0.46±1.10 

 
-0.56±0.3 

 
-0.41±0.19 

* Plus-minus values are means±SD; #values for "T Score" are the numbers of standard deviations from the mean density derived from a sex and 
race matched young adult population (20 – 45 years) provided by lunar database; ªP=0.01 comparing all cases to all controls at the lumbar spine;  
bP=0.02 comparing AED treated men with normal men; cP =0.02 comparing AED treated women with normal women;  dP=0.02 comparing all 
cases to all controls at the femoral neck  
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vitamin D deficiency, hypocalcemia and secondary 
hyperparathyroidism are considered to be the 
primary mechanisms of AED-induced bone loss. 
However, vitamin D deficiency has not been noted 
in all studies that document bone disease in 
patients treated with AEDs.5,15–16,21 Also valproic 
acid does not induce hepatic enzymes and would 
not be expected to reduce BMD by this 
mechanism.7,22–23 In addition, some studies 
demonstrate low BMD independent of vitamin D 
levels21,24–26 similar to what is found by us in this 
study. 

In recent years, depression has been proposed 
as an independent risk factor for osteoporosis.27 
Suggested pathophysiological mechanisms 
include: hypersecretion of corticotropin releasing 
hormone and hypercortisolism, growth hormone 
deficiency and increased concentration of 
interleukin 6 in depressed patients.27 As most 
epileptic patients are confronted with problems 
such as unemployment,25 social withdrawal and 
emotional deprivation, depression is more common 
in them than in the general population.28–29 
Whether or not the presence of depression is an 
independent risk factor for inducing osteoporosis 
in patients on anticonvulsants needs further 
investigation. 

This study has some limitations. First, we relied 
on retrospective data collection from patients’ files 
regarding the duration of AEDs therapy and the 
medications that they used up to the time of the 
study. Second, we could not eliminate the 
possibility of prior consumption of other 
medications that may affect bone metabolism in 
studied patients. Finally we had no precise 
longitudinal data on the level of physical activity 
and daily calcium intake in participants. However, 
self-reports of current exercise patterns and daily 
calcium intake were relatively similar in both 
groups. The contribution of different physical 
activities or calcium intake to the measured 

decrease in bone density remains uncertain. 
In conclusion, our results suggest that 

continuous therapy with AEDs may enhance bone 
loss. In addition to traditional approaches to 
prevent bone loss, such as providing calcium and 
vitamin D supplements and using antiresporptive 
agents, treatment of depression and recognition of 
other not yet known risk factors for bone loss in 
epileptic patients should be addressed. 
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