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Abstract  
Objective. The objective of our study was to investigate the effects of carbamazepine (CBZ) and lamotrigine (LTG) treatment 
on bone metabolism in epileptic patients. Patients and Methods. A cross-sectional study was performed on normal controls 
(N=30) and 100 patients with symptomatic epilepsy caused by a primary brain tumor, divided into two groups according to 
the treatment: LTG monotherapy group (N=50) and CBZ monotherapy group (N=50). For each participant serum levels of 
25-OHD and osteocalcin (OCLN) were measured, and bone mineral density (BMD) was evaluated by the dual-energy X-ray 
absorptiometry method. Results. There was no statistically significant difference in the average values of vitamin D in serum 
between the CBZ and LTG groups (Vitamin D CBZ 17.03±12.86 vs. Vitamin D LTG 17.97±9.15; F=0.171, P=0.680). There was 
no statistically significant difference in the average values of OCLN between the CBZ and LTG groups (OCLN CBZ 26.06±10.87 
vs. OCLN LTG 27.87±28.45; F=0.171, P=0.674). The BMD value was lower in both groups using antiepileptic agents compared 
to the controls, but when comparing the CBZ group to the LTG group, a statistically significant difference was only observed 
for the Z score (T-score CBZ: 0.08± 1.38 vs. T-score LTG:  0.37± 1.02; F=1.495, P=0.224; Z score CBZ: -0.05±1.17 vs. Z. score 
CBZ: 0.38±0.96; F=4.069, P=0.046) (Table 3). Conclusion. The choice of antiepileptic agents for treating seizures in patients 
with brain tumors should be carefully evaluated in relation to their impact on bone health. These patients could benefit from 
supplementation and regular measurement of biochemical markers of bone turnover and BMD.
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Introduction
Seizures are a common complication of both pri-
mary and metastatic brain tumors  as they may 
appear as the initial manifestation or during the 
course of the disease (1). Such seizures are focal in 
origin and may either remain focal or secondari-
ly generalize. As seizures represent an important 
source of morbidity and mortality in patients with 
primary and secondary brain tumors, they require 
aggressive treatment (2). Although carbamazepine 
(CBZ) has been considered as a first line agent for 
treating focal seizures with or without secondary 
generalization, antiseizure drugs with no or mini-
mal hepatic enzyme-inducing properties, such 
as  lamotrigine (LTG), are generally preferred, as 

these agents are considered to have a more favor-
able safety profile compared with older agents (3).

Long-term antiepileptic therapy has been 
strongly associated with negative effects on bone 
health. Multiple studies have reported the osteope-
nic effect of CYP450 inducing antiepileptic drugs 
(AEDs), reflected in hypocalcemia, hypophospha-
temia, increased vitamin D catabolism, hyperpara-
thyroidism, elevated markers of bone resorption 
and accelerated bone mass loss (4-6). Novel studies 
have reported that AEDs may cause bone loss in the 
absence of vitamin D deficiency (7). However, data 
on newer AEDs are insufficient, and although their 
use has become increasingly prevalent, their effects 
on bone metabolism remain poorly understood. 
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It has been proposed that patients with brain 
tumors, particularly those with a long-term life ex-
pectancy, may benefit from regular checks of bone 
turnover markers and BMD testing (8). Therefore, 
the choice of antiepileptic agents in this specific 
group of patients should include a critical assess-
ment of their impact on bone health. The objective 
of our study was to investigate the effects of carba-
mazepine (CBZ) and lamotrigine (LTG) treatment 
on bone metabolism in epileptic patients.

Patients and Methods

A cross-sectional study was performed between 
2016 and 2018, at the Neurology Clinic in Sara-
jevo. We prospectively recruited 100 patients with 
symptomatic epilepsy caused by a primary brain 
tumor. The subjects in the case group were further 
stratified according to treatment into two different 
patient groups: epileptic patients undergoing treat-
ment with LTG monotherapy (N=50), and CBZ 
monotherapy (N=50) for a period of at least twelve 
months. Patients who had any condition known to 
affect bone metabolism (e.g., renal disease, recent 
fracture, hyperparathyroidism, Paget disease, os-
teoporosis) or who were taking any drug known 
to cause or treat osteoporosis, were excluded. We 
also excluded patients with diagnosed metastatic 
disease and patients who had received AEDs be-
fore the presumptive diagnosis of brain tumor. The 
results were compared with age-matched healthy 
controls with no evidence of metabolic bone dis-
ease (N=30).

All participants were asked to complete a ques-
tionnaire including medical history, informa-
tion on fractures, falls and injuries, and vitamin 
D or calcium supplements. Bone mineral density 
(BMD) was evaluated by a dual-energy X-ray ab-
sorptiometry method called DXA technology. 
DXA was performed using a Hologic QDR-4000A 
densitometer (Hologic, Bedford, MA, U.S.A.). 
DXA measured bone mineral content (BMC in 
grams) and bone area (BA, in square centimeters), 
then calculated BMD “area”  in g/cm2 by dividing 
BMC by BA. The T-score, the value used to diag-
nosis osteoporosis, is defined as the difference be-

tween the patient’s BMD, and the mean reference 
value of the normal young population, divided by 
the standard deviation of the normal young popu-
lation. The Z-score, used to compare the patients’ 
BMD with a population of peers, is calculated by 
subtracting the mean BMD of an age, ethnicity 
and sex-matched reference population from the 
patients’ BMD, and dividing it by the SD of the ref-
erence population.

For each subject, the level of vitamin D and os-
teocalcin (OCLN) in the serum was determined in 
laboratory findings. Serum 1, 25-dihydroxyvita-
min D (3) (normal range, 20–74 pg/ml) was mea-
sured by radioimmunoassay. Serum osteocalcin 
level was determined by Elisa. Due to laboratory 
errors, not every test was obtained for every pa-
tient. The precise n for each test in each patient 
group is noted in the tables.

Ethics Statement

The study was conducted according to the stan-
dards of the Declaration of Helsinki (1975, revised 
2000), and the protocol was approved by the local 
Bioethical Committee (decision reference num-
bers 0207-28784).

Statistical Analysis

Statistical analyses were performed using SPSS 
for Windows, version 16 (SPSS Inc., Chicago, IL). 
Continuous data were presented as mean ± stan-
dard deviation (SD). Student’s t-test and ANOVA 
test were used for continuous variables as baseline 
comparisons between the cases and the controls. 
Odds ratio (OR) and 95% confidence interval (CI) 
were calculated. A P value of ≤0.05 was considered 
significant. 

Results

The study involved 50 subjects on CBZ mono-
therapy with mean age 36.74±10.26 years, and 
50 subjects on LTG monotherapy with mean age 
31.82±8.84 years, compared to the age matched 
controls. The characteristics of the study partici-
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pants are shown in Table 1.  We observed a statisti-
cally significant difference in the gender structure 
between the LTG group and the controls (χ2=4.301; 
P=0.033). The average duration of epilepsy in the 
CBZ group was 11.18±6.87 years and in the LTG 
group 7.28±4.47 years. The average duration of CBZ 
therapy was 6.18+3.36 years. The average duration 
of LTG therapy was 4.72±2.52 years. A statistically 
significant difference in the duration of epilepsy 
was found (F=12.151; P=0.001.), as well as in the 
duration of therapy (F=6.012; P=0.016) (Table 1). 

Although the average value of vitamin D in 
serum was significantly lower in both groups us-
ing antiepileptic agents compared to the controls, 
there was no statistically significant difference 
between the CBZ and LTG groups (Vitamin D 
CBZ 17.03 ±12.86 vs. Vitamin D LTG 17.97±9.15; 

F=0.171, P=0.680) (Table 2). Although the aver-
age value of OCLN in serum was higher in both 
groups using antiepileptic agents compared to the 
controls, there was no statistically significant dif-
ference between the CBZ and LTG groups (OCLN 
CBZ 26.06±10.87 vs. OCLN LTG 27.87±28.45; 
F=0.171, P=0.674) (Table 2). 

The BMD values were lower in both groups us-
ing antiepileptic agents compared to the controls, but 
when comparing the CBZ group to the LTG group, a 
statistically significant difference was only observed 
for the Z score (T-score CBZ: 0.08±1.38 vs. T-score 
LTG:  0.37±1.02; F=1.495, P=0.224; Z score CBZ: 
-0.05±1.17 vs. Z. score LTG: 0.38 ±0.96; F=4.069, 
P=0.046) (Table 3). In regression analysis, the Z score 
was significantly associated with the duration of anti-
epileptic therapy (F=8.438, P=0.005) (Table 4).

Table 1. Clinical Characteristics of Patients and Controls

Variables N (x–  ± SD) SEM Minimum Maximum F P

Age (yr) Controls 30 40.37±8.30 1.52 22.0 50.0 2.688* 0.105*

CBZ 50 36.74±10.26 1.45 20 57.00 18.329† 0.0001†

LTG 50 31.82±8.84 1.25 19.00 54.00 6.599‡ 0.012‡

Gender (M), 
N (%)

Controls 16 (53.3) - - - - - 0.177*

CBZ 20 (40.0) - - - - - 0.033†

LTG 15 (30.0) - - - - - 0.201‡

Duration of 
epilepsy (yr)

CBZ 49 11.18±6.87 0.98 2.00 35.00 - -

LTG 50 7.28±4.47 0.63 2.00 23.00 11.217‡ 0.001‡

Duration of 
antiepileptic 
treatment 
(yr)

CBZ 49 6.18±3.36 0.48 2.00 15.00 - -

LTG 50 4.72±2.52 0.36 2.00 12.00 6.012‡ 0.016‡

CBZ=Carbamazepine; LTG=Lamotrigine; *For comparison of controls and CBZ group; †For comparison of controls and LTG group; ‡For comparison of CBZ and 
LTG groups.

Table 2. Average Values of 25-Hydroxyvitamin Vitamin D  and OCLN in Serum in Patients and the Control Group  

Biochemical markers N (x–  ± SD) SEM Minimum Maximum F P

Vitamin D (ng/ml) Controls 30 32.03±6.99 1.28 21.30 50.30 14.440* 0.0001*

CBZ 49 17.03±12.86 1.86 3.00 72.90 12.146† 0.0001†

LTG 50 17.97±9.15 1.31 4.10 39.10 0.171‡ 0.680‡

OCLN (ng/ml) Controls 30 19.64±6.54 1.19 11.10 36.40 8.671* 0.004*

CBZ 50 26.06±10.78 1.52 11.90 77.10 2.422† 0.124†

LTG 50 27.87±28.45 4.02 16.00 221.00 0.178‡ 0.674‡

 OCLN=osteocalcin; CBZ=carbamazepine; LTG=lamotrigine; *For comparison of controls and CBZ group; †For comparison of controls and LTG group; ‡For 
comparison of CBZ and LTG groups.
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Discussion

Seizures are a frequent and overwhelming com-
plication of brain tumors, with severe clinical and 
social effects, and a major negative impact on the 
quality of life. Additionally, the presence of epilep-
tic seizures is considered to be associated with the 
long-term disability of patients with brain tumors 
(9). It has been reported that seizures are the initial 
manifestation of 20-45% of brain tumors, while 
another 20-45% of patients will present with them 
during the longer course of the disease (9). 

The choice of antiepileptic agent in patients 
with brain tumors is mostly based upon its effica-
cy, tolerability and pharmacokinetic interactions 
(10). It has been reported that patients with brain 
tumors experience more side-effects of antiepilep-
tic drugs compared to the overall population of 
epileptic patients, particularly bone-marrow sup-
pression. Additionally, brain tumor-related sei-
zures are often poorly controlled, and require the 
concomitant use of multiple AED, which leads to 
an even a higher risk of bone disease (11, 12).

Several mechanisms have been proposed to 
explain the negative effects of antiepileptic treat-
ment on bone mineralization. Induction of the cy-
tochrome P-450 system, resulting in alteration of 
vitamin D metabolism, is a widely accepted expla-
nation (4-6, 13, 14). The increased vitamin D ca-
tabolism leads to consequent hypocalcaemia and 
secondary hyperparathyroidism, increased bone 
resorption and accelerated bone mass loss. This 
mechanism is primary linked to the use of pheno-
barbital, phenytoin, and carbamazepine. Several 
studies report the osteopenic effects of carbamaze-
pine on bone metabolism (15-18). On the other 
hand, several authors did not observe negative ef-
fects of carbamazepine therapy on vitamin D levels 
or biochemical markers of bone turnover (19, 20).

Moreover, several studies have also suggested 
that non–P-450 system mechanisms may play a 
role in bone loss (21). A large broad-spectrum of 
new generation AEDs, such as lamotrigine, topi-
ramate, tiagabine, levetiracetam, oxcarbazepine, 
and zonisamide, have been considered to have 
fewer negative effects on bone health. Meyer et al. 
concluded that the molecule of lamotrigine shows 

Table 3. BMD Values in Patients and the Control Group

BMD values N (x–  ± SD) SEM Minimum Maximum F P

T score Controls 30 0.73±1.13 0.21 -2.70 2.10 4.853* 0.031*

CBZ 49 0.08±1.38 0.20 -3.40 3.90 2.158† 0.146†

LTG 50 0.37±1.03 0.14 -2.70 2.40 1.495‡ 0.224‡

Z score Controls 30 0.55±0.79 0.14 -1.00 1.80 6.750* 0.015*

CBZ 49 -0.05±1.17 0.17 -3.10 1.50 0.663† 0.418†

LTG 50 0.38±0.96 0.14 -3.30 2.10 4.069‡ 0.046‡

BMD=bone mineral density; CBZ=carbamazepine; LTG=lamotrigine; *For comparison of controls and CBZ group; †For comparison of controls and LTG group; 
‡For comparison of CBZ and LTG groups.

Table 4. Logistic Regression Analysis and Risk Factors Independently Associated with Z Score

Tests of between-subjects effects

Dependent variable: Z score

Source
Type III 
Sum of Squares

df
Mean
square

F Sig.

Gender 0.282 1 0.282 0.314 0.576

Duration of epilepsy 0.788 1 0.788 0.877 0.351

Duration of antiepileptic treatment 7.578 1 7.578 8.438 0.005
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good penetration into tumor tissues and therefore 
might be efficacious in brain tumor patients, and 
even, due to its excellent tolerability and auspicious 
safety profile, it might be considered as the first 
choice agent for treating seizures in these patients 
(22). Nevertheless, the unfavorable effects of LTG 
on bone, including bone loss, impaired growth in 
children, alterations in BMD, and elevated bone 
turnover markers, have been reported (16, 23, 24). 

In this study, we demonstrated a significant de-
crease in 25-OHD levels in patients treated with 
antiepileptic therapy compared to the control 
group. However there was no statistically signifi-
cant difference between the CBZ and LTG groups 
(Vitamin D CBZ 17.03±12.86 vs. Vitamin D LTG 
17.97±9.15; F=0.171, P=0.680) (Table 2). Also, 
the average value of OCLN in serum was higher 
in both groups using AEDS compared to the con-
trols, but there was no statistically significant dif-
ference between the CBZ and LTG groups (OCLN 
CBZ 26.06±10.87 vs. OCLN LTG 27.87±28.45; 
F=0.171, P=0.674) (Table 2).

Malignancy itself, treatments and their con-
sequences, malnourishment, and limited motion 
likely all affect BMD (25). Previous research has 
shown that brain tumor survivors are at higher 
risk of bone fractures and early osteoporosis (26). 
Several authors have explored bone diseases relat-
ed to the use of AEDs, radiation therapy, anticoag-
ulants, chemotherapy, and hemiplegia-associated 
osteopenia (8). 

According to our results, BMD values were 
lower in both groups using antiepileptic agents 
compared to the controls, but when comparing the 
CBZ group to the LTG group, a statistically signifi-
cant difference was only observed for the Z score (T-
score CBZ: 0.08±1.38 vs. T-score LTG:  0.37±1.02; 
F=1.495, P=0.224; Z score CBZ: -0.05±1.17 vs. Z. 
score LTG: 0.38 ±0.96; F=4.069, P=0.046) (Table 
3). However, we also observed a statistically sig-
nificant difference in the duration of epilepsy ( 
F=12.151; P=0.001), as well as in the duration of 
therapy (F=6.012; P=0.016) (Table 1). After adjust-
ment, the Z score was significantly associated with 
the duration of antiepileptic therapy (F=8.438, 
P=0.005) (Table 4). The duration of antiepileptic 

treatment has been widely recognized as an inde-
pendent predictor of lower BMD values (7). 

A recent publication studied the use of AEDs 
and the risk of fracture, and concluded that long-
term use of AEDs, particularly in women, was as-
sociated with a higher risk of bone fractures, but 
did not observe any differences between users of 
AEDs that do and do not induce the cytochrome 
P-450 system (21). In our study, we only observed 
a statistically significant difference in the gender 
structure between the LTG group and the controls 
(χ2=4.301; P=0.033) (Table 1). In both groups 
using AEDs the female examinees dominated 
(χ2=1.099; P=0.201) (Table 1). The female ratio in 
the group with LTG was slightly higher compared 
to the CBZ group, which can be explained by the 
fact that LTG as a newer generation is preferred 
in women in the germinal period because of the 
low risk for developing congenital malformations. 
Both female gender and the postmenopausal pe-
riod are significant risk factors for bone loss, how-
ever, young females have estrogen protection for 
bone metabolism (27). Pack et al. suggested that 
the bone loss observed in premenopausal women 
was associated with lower levels of estrogen (28). 
Unfortunately, in our study, we did not explore the 
levels of reproductive hormons in our patients, 
which may represent a major limitation. 

It has been proposed that all patients with 
brain tumors who are initiating treatment should 
undergo BMD testing, particularly those with tu-
mors compatible with a long-term life expectancy 
(8). Female gender may present a particularly vul-
nerable subgroup of these patients. Patients with 
verified osteopenia and osteoporosis should be 
treated, and it seems reasonable to avoid use of cy-
tochrome P-450 AEDs in these patients for treat-
ing seizures (8). Further investigation of the effects 
of new generation AEDs on bone metabolism is 
necessary. 

Conclusion

The choice of antiepileptic agents for treating 
seizures in patients with brain tumors should be 
carefully evaluated regarding their impact on bone 
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health. These patients could benefit from supple-
mentation and regular measurement of biochemi-
cal markers of bone turnover and BMD.

What Is Already Known on this Topic:
Long-term antiepileptic therapy, especially with enzyme-inducing 
agents, is associated with a high risk of bone disease. Therefore, regular 
osteoporosis investigation is recommended for these patients. 

What this Study Adds:
In patients with brain tumors and symptomatic epileptic seizures, cau-
tious use of AEDs should be kept in mind in order to avoid compli-
cations from bone loss. Preventive strategies, including regular supple-
mentation and control of biochemical and radiological evidence of bone 
disease, should be implemented.
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