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Epilepsy and fracture risk: a meta-analysis
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Abstract: Objective: To investigate the influence of epilepsy seizure on the fracture risk through a retrospective 
literature review. Methods: Published studies August 1, 2015 were acquired from the PubMed, EMBASE, Springer 
Link, Ovid using the key words “epilepsy” and “fracture”. A total of 828 papers were picked up, which were further 
screened to select the most relevant ones. Three selection criteria for inclusion were decided, and finally 11 studies 
fulfilled the criteria and were included in the study. The procedure of meta-analysis was determined before begin-
ning the study by a group discussion, and at least three studies each for hip, spinal, and forearm fractures were 
considered for the analysis. The random effect model based on DerSimonian and Laird estimation was utilized in 
the fracture risk analysis. The weights analysis was conducted to analyze the risk of fracture caused by epilepsy sei-
zures. The publication bias was tested by funnel plots. Results: The general fracture risk increased significantly for 
epilepsy patients than for fracture patients without epilepsy [relative risk (RR) = 1.97, 95% confidence interval (CI): 
1.89-2.05; from five papers]; and six, six, and three papers described the hip fracture risk (RR = 4.43, 95% CI: 2.84-
6.92), forearm fracture risk (RR = 1.71, 95% CI: 1.29-2.27), and spinal fracture risk (RR = 3.51, 95% CI: 1.69-7.29), 
respectively. Among all factors, around 35% fractures were associated with epilepsy seizures. Conclusion: Patients 
with epilepsy may encounter a higher risk of fracture, especially on the spine and the hip.

Keywords: Epilepsy, fracture risk, meta-analysis, epileptic seizure, antiepileptic drugs

Introduction

Patients with epilepsy are reported to have 
decreased bone mineral content [1] and in- 
creased risk of fracture [2]. The significantly 
increased risk of fracture in epilepsy patients 
might be associated with the increased risk of 
trauma during seizures [2, 3], and the frangibil-
ity of skeleton due to bone demineralization in 
epilepsy patients [4]. The muscle contraction 
during seizures could directly enhance the load 
on the bones, which might directly increase the 
risk of fracture such as comminuted fracture of 
the spine [5] or humerus fracture combined 
with dislocation of the shoulder [6-9]. However, 
accident is another cause for the fracture of 
epilepsy patients, such as falling from a height 
during the seizure or a car accident because of 
impaired cognitive function and consciousness 
loss during the seizure [3]. The latter accidents 
were found in patients without spasm symp-
toms [3]. In addition, the increased fracture risk 
sometimes was found during diagnosing epi-

lepsy; in some patients, fracture occurred dur-
ing their first epileptic seizures [5].

Antiepileptic drugs (AEDs) have an influence on 
bone metabolism due to the induction on the 
hepatic enzymatic activity to metabolize vita-
min D [10], which leads to a decrease in the 
bone mineral density (BMD). Therefore, osteo-
porosis in epilepsy patients is ascribed to the 
reduced absorption of calcium and enhanced 
sex hormone degradation by activated hepatic 
enzymes that are induced by AEDs in the liver 
[3]. In addition, phenytoin has a direct toxic 
effect on osteocyte [11], and bone demineral-
ization also increased the risk of fracture, espe-
cially the nontrauma fractures [3].

However, the risk of fracture in epilepsy patients 
and the location, causes, and mechanism of 
fracture remain to be elucidated. In the current 
study, a meta-analysis was conducted based 
on a literature search to address the aforemen-
tioned areas.

http://www.ijcem.com


Systematic review and meta-analysis

565 Int J Clin Exp Med 2016;9(2):564-569

Material and methods

Literature retrieval strategy

PubMed, EMBASE, Springer Link, Ovid were 
searched using the key words “epilepsy” and 
“fracture”, and 828 papers before August 1, 
2015 were acquired. Further screening was 
made by reading through all the papers to 
select the most relevant ones.

Inclusion criteria

The inclusion criteria for this study were as  
follows: (1) Studies that contained informat- 
ion on epilepsy patients with fractures as the 
observation group and normal fracture pati- 
ents as the control group; the endpoint as arbi-
trary fractures and epilepsy as an exposure fac-
tor (cohort studies, case reports, or status sur-
vey), and the risk assessments (relative risk 
RR, odds ratio OR, and risk or epidemiological 
ratio); or the assessments could be calculated 
based on the published data; (2) studies that 
included at least three cases on each type of 
fractures for meta-analysis; and (3) studies in 
which the risk analysis was not processed, 
such as the RR comparison between epilepsy 
patients and healthy people.

The qualities of all included studies were as- 
sessed through a table (Table S1). Finally, 11 
studies fulfilled the criteria and were included 
in the study [2, 3, 12-20]. The detailed charac-
teristics of the included studies were listed in 
Table 1. Additionally, all included studies had a 
high level quality according by Table S1.

The procedure of meta-analysis was deter-
mined before beginning the study by a group 
discussion, and at least three studies each for 

Publication bias

The publication bias was tested by funnel plots.

Results

Fracture risk

The results of this study on the fracture risk  
are summarized in Figures 1 and 2. The risk  
of fracture at any location in epilepsy patients 
is twofold of that in normal people (Figure 1), 
although statistically not significant (heteroge-
neity test, P = 0.04). However, the aberration 
rate of RR ranged between 1.89 and 2.05. The 
aberration rate of the hip fracture risk was rela-
tively larger with higher RR, especially in hospi-
talized patients or in small-scale studies with 
patients taking phenytoin. The RR of forearm 
fracture was relatively lower than that of hip 
fracture (Figure 2; 1.71:4.43). However, three 
studies on spinal fractures indicated that the 
spinal fracture had a higher risk and a greater 
variation (Figure 2).

Sensitivity analysis (exclusion of 1 study at a 
time) indicated that no single study changed 
the pooled RRs qualitatively (Figure 3), which 
indicated that the results were reliable. Begg- 
er’s fuunel plot suggested no publication bias 
in the current meta-analysis (P = 0.662), and 
the shape of the funnel plots appeared sym-
metrical (Figure 4).

Epilepsy seizure and fractures

The ratio of epilepsy seizures to fractures in  
epilepsy patients is shown in Table 2. It was 
shown that around one-third fractures were 
associated with epilepsy seizures [2, 3, 17, 21].

Table 1. Information of all the studies included in the meta-analysis
Study

Country Study design Age 
(Year) N Female 

%Author Year
Lidgren L et al. [2] 1977 Sweden Cohort 56 87 56
Vestergaard P et al. [3] 1999 Denmark Cohort 45 345 50
Persson HBI et al. [12] 2002 Sweden Cohort 42 177 49
Vestergaard P et al. [13] 2004 Denmark Case control 43 8125 52
Jancar J et al. [14] 1998 UK Cross-sectional 40 263 47
Gaitatzis A et al. [15] 2004 UK Cohort 47 5834 51
Annegers JF et al. [16] 1989 USA Cohort NA 383 NA
Desai KB et al. [17] 1996 UK Cohort 54 202 22
Cummings SR et al. [18] 1995 USA Cohort 72 105 100
Kelsey JL et al. [19] 2005 USA Case control 60 51 75
Scane AC et al. [20] 1999 UK Case control 64 91 0

hip, spinal, and forearm 
fractures were consid-
ered for the analysis. 
The random effect mo- 
del based on DerSimon- 
ian and Laird estimation 
was utilized in the frac-
ture risk analysis, and 
the weight difference 
was considered as a 
continuous variable.

Sensitivity analysis

Sensitivity analysis was 
tested by omitting one 
study at a time.
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Figure 1. Relative risk of fracture in epilepsy patients.

Figure 2. Relative risk of hip, forearm and spine fracture in epilepsy patients.
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Discussion

The general risk of fracture in epilepsy pati- 
ents significantly increased, and it is shown in 
Figure 1 that the RR of fracture was 1.97 (95% 
CI: 1.89-2.05). Therefore, the epilepsy seizures 

Besides, AEDs could influence the fracture risk 
as well. A large-sample case-control study [13] 
indicated that the extracranial fracture risk was 
associated with the following drugs: carbam-
azepine (1.18, 95% CI: 1.10-1.26), oxcarbaze-
pine (1.14, 95% CI: 1.03-1.26), clonazepam 

Figure 3. Sensitivity analysis of hip, forearm and spine fracture in epilepsy patients.

Figure 4. Begg’s funnel plot of studies on risk of hip ,forearm or spine frac-
ture in epilepsy patients.

might increase the risk of frac-
ture, and this was confirmed  
by the findings that the seizure 
type could influence the frac-
ture risk. For instance, a higher 
fracture risk was found in myo-
clonic seizures compared with 
nonmyoclonic seizures [12, 22]. 
In addition to the seizure types, 
the lasting period of the sei- 
zure also influenced the frac-
ture risk. Vestergaard et al. re- 
ported a higher risk of fracture 
for patients within their first 
year after diagnosis, whereas 
Persson et al. found that the 
shorter the seizures lasted, the 
higher the risk of fractures [12, 
22].
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(1.27, 95% CI: 1.15-1.41), phenobarbital (1.79, 
95% CI: 1.64-1.95), and valproic acid (1.15, 
95% CI: 1.05-1.26); whereas, ethosuximide, 
lamotrigine, phenytoin, primidone, tegafur, topi-
ramate, and sabril had no effect on the extra-
cranial fracture risk. Meanwhile, the fracture 
risk was shown to be dosage-dependent on 
AEDs. The other AEDs were in combination with 
adrenal cortical hormone therapy, and cortico-
steroid was also known to increase the fracture 
risk [23].

The other reason for the increased risk of frac-
ture in epilepsy patients was that the patients 
usually had other concurrent diseases. And it 
was known that epilepsy patients had a higher 
ratio to complicate other diseases, because 
epilepsy might be caused by diseases such  
as cerebral palsy, stroke, mental retardation, 
intracranial tumor, and all these diseases per 
se can increase the fracture risk. The BMD 
decrease was only found in the paralyzed limbs 
of cerebral palsy and stroke patients, and BMD 
decrease itself apparently could increase the 
fracture risk [24-26]. In addition, the balance 
capability of these patients reduced and the 
possibility of falls increased, which indirectly 
increased the fracture risk [22]. It was hypoth-
esized that the falls or trauma risks might be 
increased due to epilepsy seizures and AEDs, 
thereby increasing the hip or forearm fracture 
risk significantly. However, the meta-analysis 
results of this study suggested that although 
hip fractures increased in epilepsy patients, the 
forearm fractures did not increase significant- 
ly. The reason behind this is not known yet; 
however, it was assumed that this might be 
associated with the type of falls, where arms’ 
and hands’ protection to prevent from falling 
down were impaired during the dizziness or 
seizures.

The spinal fracture in epilepsy patients were 
usually asymptomatic, and found by an X-ray 
examination of the spine. Therefore, the selec-

tive bias might be elevated with a higher risk 
expectation [3]. However, the hip fractures 
were accompanied with symptoms; therefore, 
all patients were always treated, diagnosed, 
and followed up timely. The other bias was from 
published studies, as small-scale studies with 
a higher fracture risk were easier to be pub-
lished compared with others without a signifi-
cant risk. However, after retrieving a large num-
ber of cohort or randomized control studies, 
the present meta-analysis did not show any 
publication bias.

In addition, the estimated RR of any fracture 
was around 2 (Figure 1); however, after adjust-
ment on confounding factors, the estimated RR 
reduced from 2 to 1.2 [13], indicating that con-
founding factors might play an important role. 
For instance, excessive drinking, accident falls, 
and other social factors such as unemployment 
or living alone also indirectly increased the frac-
ture risk [3, 22].

In summary, to reduce the fracture risk of epi-
lepsy patients, the proactive therapy on epilep-
sy and prevention of seizures, especially myo-
clonic seizures, were needed. However, the 
BMD decrease-associated fracture risk requir- 
es the proactive therapy on osteoporosis, such 
as estrogen and vitamin D implementation  
and regular BMD measurement. All the afore-
mentioned efforts will be helpful to prevent 
fractures.
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Vestergaard P et al. [3] 345 112 38 34 (24-44) 5.8 4.3
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Table S1. Detailed criteria for assessing study quality of studies
Criteria Score
Selection
    Is the case definition adequate?
        Yes, with independent validation 2
        Yes, eg medical record linkage or based on self-reports 1
        No description 0
    Representativeness of the Cases
        Consecutive or obviously representative series of cases 1
        Potential for selection biases or not stated 0
    Selection of Controls
        Community controls 2
        Hospital controls 1
        No description 0
    Definition of Controls
        No history of epilepsy 1
        No description of source 0
Comparability
    Comparability of cases and controls on the basis of the design or analysis
        Study controls for any confounding risk factors 1
        Study controls for no confounding risk factors 0
Exposure
    Same method of ascertainment for cases and controls
        Yes 1
        No 0


