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ABSTRACT
Objectives: To investigate the effects of low bone mineral density (BMD) on pain, quality of life (QoL), and fatigue in epileptic patients 
who use anticonvulsants.
Patients and Methods: Epileptic patients aged 18 years or older who use anticonvulsant drugs were recruited into the study. 
Demographic and clinical features were recorded, including the duration of epilepsy, number of anticonvulsants used, previous 
fracture history and BMD scores. The functional parameters included back pain measured with the visual analogue scale (VAS) and 
brief pain inventory (BPI) scale, QoL assessed with the Qualeffo-41 questionnaire, and fatigue assessed with the fatigue severity scale 
(FSS).
Results: Of the 100 patients screened for inclusion in the study, 63 epileptic patients met the inclusion criteria. The mean age and 
mean disease duration of all participants was 39.5 (±11.2) and 19.3 (±11.6) years, respectively. The median scores for VAS back pain, 
VAS low back pain, Qualeffo-41, FSS, pain severity, and pain interference (BPI) were significantly higher in patients with secondary 
osteoporosis compared to patients with normal BMD. There were significant correlations between lumbar spinal BMD and VAS 
back pain (rho = – 0.58, p < 0.0005), BPI pain severity (rho = – 0.56, p < 0.0005), BPI pain interference (rho = – 0.52, p < 0.0005), 
Qualeffo-41 (rho = – 0.56, p < 0.0005), and FSS (rho = – 0.41, p = 0.001).
Conclusion: Epileptic patients suffering from low BMD showed increased pain, fatigue and impaired QoL. Therefore, BMD 
measurement should be recommended for the evaluation and management of epileptic patients.
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1. INTRODUCTION

Epilepsy is a chronic disorder with several social and psychological 
impacts. Patients with epilepsy often report concerns about 
having a seizure attack, social isolation, adverse effects of 
anticonvulsants, and transportation/driving restrictions [1]. In 
general, epileptic patients perform significantly less physical 
activity and have higher rates of obesity [2]. The reason for 
reduced physical activity in many patients is that they incorrectly 
believe that physical activity can induce seizures or increase 
their frequency, and they may also fear prejudice and perceived 
social and cultural stigma [3]. However, regular physical 
activity is important as it increases muscle and bone strength. 

In addition, anticonvulsant therapy can negatively impact bone 
health in several important ways, ranging from asymptomatic 
high-turnover bone disease to decreased bone mineral density 
(BMD) and an increased fracture risk [4]. Both children and 
adults under anticonvulsant treatment have been found to have 
decreased BMD, often more than two standard deviations below 
that of healthy young controls [5]. Thus, patients with a history 
of long-term therapy should be evaluated for anticonvulsant-
induced bone disease. Pain, muscle weakness, and skeletal 
deformities lead to a decrease in QoL in these patients [6,7]. In 
addition, patients with osteoporosis may have concerns about 
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falls, fractures and an eventual loss of independence, which could 
negatively influence their lives [7,8]. The use of anticonvulsants 
that cause low BMD can lead to fragility fractures [8,9]. As far 
as we know, over 60% of fractures occur in younger women, 
with T-scores ranging from – 1 to – 2.5 [10]. Furthermore, all 
types of fractures are associated with higher mortality rates [11]. 
Chronic pain, disability, postural changes, and impaired quality 
of life (QoL) secondary to fractures are commonly observed in 
osteoporosis; therefore, the assessment and management of pain 
should be considered in detail [12].
Fatigue related to osteoporosis has not been extensively 
examined in the literature. In a previous study, osteopenic and 
osteoporotic patients experienced greater fatigue compared to 
healthy controls. In patients with a low BMD, there is known 
to be an interaction between pain, QoL, and fatigue, where a 
problem in one of these factors can trigger a disturbance in 
the others [7]. It is important to assess BMD in patients under 
anticonvulsant treatment. In the literature, there is limited 
information on the consequences of low BMD in epileptic 
patients. Furthermore, the effects of low BMD on pain, QoL, 
and fatigue in patients with epilepsy have not yet been analysed. 
The aim of this study was to investigate the effect of low BMD 
on QoL, pain, and fatigue in these patients.

2. PATIENTS and METHODS

Participants

Of the 100 patients screened for inclusion in the study, 63 
epileptic patients were included due to the strict exclusion 
criteria. Seventy-five percent of our patients had generalized 
epilepsy, the rest had focal seizure. Participants were recruited 
from the outpatient clinic of Marmara University, School of 
Medicine Departments of Neurology and Physical Medicine and 
Rehabilitation. The inclusion criteria were an age of 18 years or 
older, a diagnosis of epilepsy, and anticonvulsant treatment. The 
exclusion criteria included Alzheimer’s disease, severe psychiatric 
disorders (bipolar disease, schizophrenia), mental retardation, 
rheumatologic disorders (rheumatoid arthritis, fibromyalgia, 
etc.), endocrine disorders associated with osteoporosis (diabetes 
mellitus, hyper – and hypothyroidism, hyperparathyroidism, 
pituitary gland disorders, hypogonadism), other medications 
that can cause osteoporosis (corticosteroids, warfarin, heparin, 
etc.), malignancy, pregnancy, lactation, and chronic renal/
hepatic failure. Ethical approval was obtained from the Ethical 
Committee of Marmara University, School of Medicine with a 
registry number of 09.2016.367. Both verbal and written consent 
were obtained from each participant.
Bone mineral density measurements in the anterior-posterior 
position were performed at the level of the lumbar vertebra 
using a dual-energy X-ray absorptiometry (DXA) device (Lunar 
DPX Prodigy-Tech; General Electric, Madison, WI, USA). 
Based on the average value for age-matched adult individuals, a 
T – or Z-score up to one standard deviation (SD) was considered 
normal. A T – or Z-score greater than one SD or the presence 
of a pathologic fracture (vertebral, hip, non-vertebral) was 

considered secondary osteoporosis [13]. In men under 50 years 
of age and premenopausal women, Z-scores were used [14].
Demographic data (age, gender, body mass index [BMI], 
education level), number of births, duration of lactation, 
presence of menopause, age of menopause onset, regularity of 
menstrual cycle, alcohol consumption, smoking, and physical 
activity level were noted. Clinical parameters (disease duration, 
number of anticonvulsants, type of anticonvulsants) were 
recorded. The drugs that induce or not cytochrome p450 were 
classified as inducers, non-inducers, respectively. The drugs that 
affect bone with other mechanism of action such as valproate 
classified as others. The participants were requested to complete 
the following scales: visual analogue scale (VAS) for back pain, 
brief pain inventory (BPI), quality of life questionnaire of the 
European Foundation for Osteoporosis (Qualeffo-41), and 
fatigue severity scale (FSS).

Instruments

The VAS is a unidimensional measure of pain intensity for the 
assessment of back pain (VAS back pain). It consists of a 10-
cm horizontal line on which the patient’s pain intensity is 
represented by a point between the extremes of “no pain” (score 
of 0) and “worst imaginable pain” (score of 10) [15].
The BPI is one of the most commonly used outcome measures 
for evaluating pain. The BPI assesses pain severity as “worst”, 
“least”, “average”, and “now”. The pain severity dimension of the 
BPI consists of four items that are scored from 0 (no pain) to 10 
(worst possible pain), whereas the pain interference dimension 
consists of seven items that are scored from 0 (no interference) 
to 10 (complete interference). A pain severity score is calculated 
from the mean of the four pain intensity items, and a pain 
interference score is calculated from the mean of the seven 
pain interference items [16]. It has been validated in a Turkish 
population in surgery patients [17].
The Qualeffo-41 is a disease-specific questionnaire to measure 
QoL in osteopenia and osteoporosis. It has five domains which 
are pain (5 items), physical function (17 items), social function 
(7 items), general health perception (3 items), and mental 
function (9 items). The score for each domain is calculated as an 
average value of all the answered items linearly converted on a 
0–100 scale. The total Qualeffo-41 score is calculated as the sum 
of all answers to items and then converted to the 0 –100 scale. 
The QoL worsens as the total Qualeffo-41 score increases [18]. 
The Turkish version of Qualeffo-41 has been validated and is 
commonly used in studies [19].
The FSS contains nine items that evaluate the severity of patients’ 
fatigue symptoms. Each item is scored on a 7-point scale where 1 
represents “strongly disagree” and 7 represents “strongly agree”. 
The total score ranges between 9 and 63. The severity of fatigue 
symptom increases as the total score increases [20].

Statistical Analysis

Descriptive statistical analyses were performed. The Mann–
Whitney U test was used to assess the mean differences between 
groups. Spearman’s correlation coefficient was used to assess 



288
http://doi.org/10.5472/marumj.1009016
Marmara Med J 2021;34(3): 286-291

Marmara Medical Journal

Low bone mineral density in epilepsy Original Article
Unal-Ulutatar et al.

the relationship between continuous parameters. Correlation 
coefficients >0.50, 0.35–0.50, and <0.35 were considered 
strong, moderate, and weak, respectively [21]. We were unable 
to calculate the sample size as there was no previous reference 
study. Therefore, a post hoc power analysis was performed. 
Cohen set out standardised measures of effect size, proposing 
a simple categorisation of small, moderate, and large effect 
sizes [22]. A formula based on G power version 3.0 was used 
to determine post hoc power [23]. We determined the power of 
the study by computing an effect size of 0.80 (large effect) using 
a significance level of 0.05. The post hoc power was found to be 
0.93, which is considered good. Hierarchical multiple regression 
analysis was used to examine the differential contributions of 
variables to the lumbar BMD score. The variables that were 
correlated significantly with BMD scores were entered into three 
models including different categories of variables. Scatterplots 
of distribution of residuals to the models were found acceptable. 
SPSS version 20 was used for all statistical analyses, and p-values 
less than 0.05 were considered statistically significant.

3. RESULTS

In total, 63 epileptic patients who were under anticonvulsant 
treatment (35 females, 28 males) were enrolled in the study. 
The mean age of participants was 39.5 (±11.2) years, ranging 
between 20 and 66 years. The demographic and clinical features 
of the patients are shown in Table I.

Table I. Demographic and clinical features of the participants (n=63)
Gender

Female

Male

N (%)

35 (55.6)

28 (44.4)
Education
Primary-secondary school 40 (63.5)
High school 19 (30.2)
University 4 (6.3)
Presence of fracture
Present 9 (14.3)
Not present 54 (85.7)

Mean (SD), min-max
Age (mean) 39.6 (11.2), 20-66
BMI 26.5 (5.1),15.9-37.2
Disease duration (years) 19.3 (12.6), 3-47
Number of anticonvulsants 2.3 (1.2), 1-5
N: Number; BMI: Body Mass Index; SD: Standard deviation; Min-max: 
Minimum-maximum

Sixteen female patients were nulliparous. Among the remaining 
19 female patients, 5 had one previous pregnancy (14.3 %), 10 
had two pregnancies (28.6 %), 3 had three pregnancies (8.6 %), 
and 1 patient had four pregnancies (2.9 %). The mean duration 
of lactation in female patients who gave birth was 12.4 ± 17.3 
months. The menstrual irregularity was present in 6 patients 

(9.5%). Eleven female patients (31.4%) were in menopause. 
None of the patients were using alcohol, only 5 (7.9%) of them 
were active smokers. Regarding anticonvulsant use, 26 (41.3%) 
patients were using one anticonvulsant and the rest were using 
two or more. The patients’ scores were compared according 
to their anticonvulsant types. Inducers, non-inducers and the 
drugs that effect bone with other mechanisms such as valproate 
did not differ significantly when scores of BMD, pain, QoL and 
fatigue compared (p>0.05). All of the patients were sedentary. 
The patients with secondary osteoporosis had higher scores 
of VAS-back pain, BPI-pain severity, BPI-pain interference, 
Qualeffo-41, FSS compared to the patients with normal BMD 
which was depicted in Table II.

Table II. Comparison of patients with secondary osteoporosis and normal 
BMD values*

Patients with 
secondary 
osteoporosis 
(n=31)

Patients with 
normal BMD 
values (n=32)

P value

VAS-back pain 4.9±3.6 1.2±1.6 <0.0005**
BPI-pain severity 4.2±3.1 1.2±1.6 <0.0005**
BPI-pain interference 4.4±3.3 1.1±1.6 <0.0005**
Qualeffo-41 pain 30.6±26.2 9.8±15.1 0.002**
Qualeffo-41 physical 
function

25.5±22.2 10.7±16.3 0.001**

Qualeffo-41 social 
function

30.6±26.2 9.8±15.1 0.001**

Qualeffo-41 GHP 49.9±20.1 29.9±22 <0.0005**
Qualeffo-41 mental 
function

50.5±19.4 26.7±18.3 <0.0005**

Qualeffo-41 total score 40.7±18 19.3±14.9 <0.0005**
FSS 40.9±18.5 19±13.5 <0.0005**
*:Mann-Whitney U test; **all values were significant; N: Number; BMD: Bone 
Mineral Density; VAS: Visual Analogue Scale; BPI: Brief Pain Interference; 
Qualeffo-41: Quality of Life Questionnaire of the European Foundation for 
Osteoporosis-41; GHP: General Health Perception; FSS: Fatigue Severity Scale

There were significant moderate correlations between lumbar 
BMD scores and BMI, number of anticonvulsants, VAS back 
pain score, BPI score, Qualeffo-41 score, and FSS (Table III). 
The mean BMD score (g/cm2) did not differ between genders 
(p = 0.65).
A hierarchical regression analysis was used to examine the 
differential contributions of different independent variables. 
The overall model accounted for 45% of variance to the lumbar 
BMD scores. In hierarchical multiple regression, three models 
were used. Model 1, demographic and clinical variables (BMI, 
number of anticonvulsants) predicted the BMD scores since 
its contribution to the models was 21% of the variance [F (2, 
60) = 8.3, (p = 0.001)]. Controlling the BMI and the number of 
anticonvulsants, the self-reported measures assessing QoL and 
fatigue contributed significantly, accounting for an additional 
12% of the variance [F (2, 58) = 5.4, p=0.007] (Model 2). The 
addition of scales that assessed pain (VAS-back pain, BPI-pain 
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severity, BPI-pain interference) to the prediction of BMI (Model 
3) also led to a statistically significant increase in R2 of 0.11, 
F(3, 55) = 3.8, p=0.015. Table IV showed the full details on each 
regression model.

Table III. Relation of the Lumbar BMD (g/cm2) scores with demographic 
and clinical parameters (n=63)

Spearman’s 
correlation 

coefficient (rho)
P significance value

Age -0.12 0.34
BMI 0.42 0.005*
Disease duration (years) -0.16 0.22
Number of anticonvulsants -0.40 0.001*
VAS-back pain -0.58 <0.0005*
BPI-pain severity -0.56 <0.0005*
BPI-pain interference -0.52 <0.0005*
Qualeffo-41 -0.56 <0.0005*
FSS -0.41 0.001*
*Significant values; N:number; BMD: Bone Mineral Density; BMI: Body Mass 
Index; VAS: Visual Analogue Scale; BPI: Brief Pain Index; Qualeffo-41: Quality 
of Life Questionnaire of the European Foundation for Osteoporosis-41; FSS: 
Fatigue Severity Scale

Table IV. Final model for the associations between the lumbar BMD score 
and the other variables entered in three models
Variables R2 change F change P value
Model 1: Demographic and clinical 
variables

BMI

Number of anticonvulsants

0.22 8.2 0.001*

Model 2: Scales assessing QoL and fatigue

Qualeffo-41

FSS

0.12 5.4 0.007*

Model 3: Scales assessing pain

VAS-back pain

BPI-pain severity

BPI-pain interference

0.11 3.8 0.015*

BMD: Bone Mineral Density; BMI: Body Mass Index; QoL: Quality of Life; 
Qualeffo-41: Quality of Life Questionnaire of the European Foundation for 
Osteoporosis-41; FSS: Fatigue Severity Scale; VAS: Visual Analogue Scale; BPI: 
Brief Pain Index; *p<0.05 accepted as significant

4. DISCUSSION

This study aimed to assess the relationship of BMD with pain, 
QoL, and fatigue in epileptic patients under medical treatment. 
Anticonvulsants decrease BMD and increase the risk of 
fractures by two-fold due to high bone turnover, and secondary 
hyperparathyroidism [24]. Epilepsy and its treatment are 
associated with a decrease in BMD in patients of both genders, 
independent of vitamin D levels [25].

Hierarchical multiple regression analysis performed to predict 
the differential contributions of different independent variables. 
The overall model accounted for 45% of variance to the lumbar 
BMD scores. All of the three models contributed significantly 
to the variance. Chin et al., describes R2 values of 0.67, 0.33, and 
0.19 in multiple regression models as substantial, moderate, and 
weak, respectively [26].
The QoL of individuals with epilepsy is related to their 
perception of the impact of the disease itself and its treatment. 
Thus, the QoL of epileptic patients could be negatively 
affected by the adverse effects of anticonvulsants [27]. Indeed, 
uncontrolled epilepsy, adverse effects of anticonvulsants, and 
psychological comorbidities (i.e., depression, anxiety) have been 
found to negatively affect the QoL of patients with epilepsy [28]. 
In these patients, QoL is determined by the balance between 
seizure control by anticonvulsants and their adverse effects. The 
pain, muscle weakness, skeletal deformities, and psychological 
disorders associated with osteoporosis may have negative effects 
on QoL [7]. Furthermore, the pain, anxiety, and depression 
associated with osteoporosis may cause sleep disturbances in 
epileptic patients [28]. In accordance to this, the patients with 
secondary osteoporosis had a decreased mental and social 
function compared to the patients with normal BMD in our 
study. Furthermore, we showed that the epileptic patients with 
secondary osteoporosis had poor QoL.
Chronic pain is one of the most consequential symptoms of 
age-related and secondary osteoporosis. The most common 
symptom reported by patients with a diagnosis of osteoporosis 
is back pain resulting from osteoporosis-related fractures, 
skeletal deformities, joint imbalance, and tension in muscular 
structures [12]. Accordingly, epileptic patients with osteoporosis 
had greater VAS back pain scores compared to those without 
osteoporosis. Also, there were significant moderate correlations 
between the BMD scores of epileptic patients and pain severity 
(rho = – 0.56, p < 0.0005) and pain interference (rho = – 0.52, p 
< 0.0005), assessed using the BPI.
Fatigue is commonly seen in epilepsy and osteoporosis, both of 
which are chronic conditions [7, 29]. The frequency of fatigue was 
47.1% in epileptic patients. Fatigue is known to be significantly 
related to sleep and depression [29]. However, the relationship 
of epilepsy-related fatigue with BMD and osteoporosis has 
not yet been investigated. In our study, epileptic patients with 
secondary osteoporosis had higher fatigue scores compared to 
the patients with normal BMD. Furthermore, BMD scores were 
significantly negatively correlated with FSS scores (rho = – 0.41, 
p = 0.001). As the BMD scores of epileptic patients decreased, 
the patients complained of greater fatigue (higher FSS score).
In our study, we found that as the number of anticonvulsants 
increased, lumbar BMD scores decreased (rho = – 0.40, p = 
0.001). In accordance with the findings of our study, Farhat et 
al., found that the multiplicity of anticonvulsant therapies was 
a significant negative determinant of BMD [25]. We found no 
correlation between lumbar BMD scores and disease duration. 
However, Farhat et al., showed that the duration of anticonvulsant 
therapy was significantly negatively correlated with BMD. 
Nevertheless, two other studies failed to show a relationship 
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between disease duration and BMD. In those studies, the mean 
duration of disease was longer than that reported by Farhat et 
al., but similar to our results, so most of the deleterious skeletal 
effects may have already occurred [25, 30, 31]. Cytochrome 
P450 enzyme inducers phenytoin (PHT), phenobarbital (PB), 
primidone (DRE), carbamazepine, oxcarbazepine (OXC) are 
associated with a decrease in BMD. However, valproate, which 
inhibits cytochrome P450 is also associated with decreased BMD 
suggesting different mechanism of effect on bone metabolism. 
Previous studies suggested that valproate affects directly the 
functions of bone cells. New generation anticonvulsants are 
thought to be less harmful to bone metabolism, however new 
researches should be carried out to prove it definitely. In our 
study, we compared the anticonvulsants by mechanism of their 
action on bone, however no significant difference was found. 
There was no relationship between age and lumbar BMD 
scores in our study. This could be attributed to the fact that the 
participants enrolled in our study were relatively younger, with 
an age range of 20 to 66 years. As far as we know, osteoporosis is 
associated with a low BMI [32, 33]. In accordance with this, we 
found a positive, moderate correlation between BMI and lumbar 
BMD scores.
A strength of this study is that several instruments were used 
to evaluate the deleterious effects of anticonvulsants on BMD, 
pain intensity, QoL, and fatigue in epileptic patients, which have 
not been investigated until now. However, the sample size was 
limited, as most of the epileptic patients treated at our clinic were 
unable to fill out the questionnaires due to mental problems and 
various other comorbidities.
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