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A B S T R A C T   

Purpose: To determine the incidence of clinical fractures over seven years of follow-up, in adults with epilepsy 
and intellectual disability, residing in a long-stay care facility. 
Methods: In 2009, all institutionalized adult patients (n = 261) were invited to undergo a Dual-energy X-ray 
Absorptiometry (DXA) measurement and a Vertebral Fracture Assessment (VFA). Participants were followed over 
seven years or until date of discharge (in case of moving from the care facility) or date of death. The patients’ 
medical files were screened for radiology reports and staff notes, to identify clinical fractures. Fracture incidence 
rates (IR) were determined and compared for subgroups, by calculating incidence rate ratios. Hazard ratios were 
calculated to identify factors associated with fracture risk, using Cox Proportional Hazards analyses. 
Results: A total of 205 patients (124 male, 60.5%) aged between 18 and 88 years (median 48, IQR 34–60) were 
enrolled. At baseline, 92 patients (44.9%) were diagnosed with osteopenia and 65 (31.7%) with osteoporosis. 
Between 2009 and 2016, 30 patients (14.6%) deceased and 3 patients (1.5%) left the care facility. During follow- 
up, 156 clinical fractures were reported in 82 patients (40.0%). Thirty-eight patients (18.5%) had at least one 
major osteoporotic fracture. Overall, the IR was 11.6 fractures per 100 person-years. Fracture risk was signifi-
cantly lower in patients who were wheelchair dependent than in patients who were able to walk (p<.001). 
Conclusion: This study demonstrated that 40% of institutionalized adults with epilepsy and intellectual disability 
had at least one clinical fracture during seven years of follow-up, despite adequate anti-osteoporosis treatment.    
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SD Standard deviation 
VFA Vertebral Fracture Assessment 
VF Vertebral fracture 

1. Introduction 

Epilepsy is a chronic, neurological disorder characterized by recur-
rent seizures, affecting approximately 0.4–1.0% of the global popula-
tion. In the majority of the patients, seizures can be successfully 
controlled with antiseizure drugs [1]. In about 30% of the patients, the 
seizures remain refractory. Despite benefits of antiseizure treatment 
(decrease in number and/or severity of seizures), chronic use of anti-
seizure drugs is known to affect bone health, which was first reported 
around 1970 [2–4]. Since then, meta-analyses including multiple 
studies, have shown an association between the use of antiseizure drugs 
and an increased fracture risk [5,6]. Most of the studies included 
ambulatory, independently-living adults with epilepsy. In institution-
alized patients, fracture rates might even be higher, as they are more 
likely to suffer from severe comorbidities, refractory seizures and 
fall-related incidents. In addition, a poor nutritional status, a lack of 
sunlight exposure and immobility have been shown to be related to a 
low bone mineral density (BMD) [7–10]. Studies regarding clinical 
fractures and fracture risks in institutionalized adult patients on chronic 
antiseizure drugs are of older age and mostly limited to the use of 
phenobarbital and phenytoin [11–14]. 

Therefore, the main objective of this study is to determine the inci-
dence of fractures over seven years of follow-up, in adults with epilepsy 
and intellectual disability, residing in a long-stay care facility. 

2. Material and methods 

2.1. Study population 

This retrospective cohort study was performed at the long-stay care 
department of Epilepsy Center Kempenhaeghe, a tertiary care facility for 
people with epilepsy in the Netherlands. All patients had a diagnosis of 
epilepsy, caused by structural, genetic, infectious, metabolic, immune or 
unknown factors and most of the patients (99.0%) had a degree of in-
tellectual disability (mild, moderate, severe or profound). 

In 2009, all 261 adult patients (aged 18 years or older) were asked to 
participate in a study regarding bone status (METC: NL26095.068.09) 
[15,16]. Forty-seven patients (or their legal representatives) declined 
the invitation and nine patients (or their legal representatives) did not 
respond. A total of 205 patients (or their legal representatives) gave 
informed consent (78.5%) and were included in the study. No further in- 
or exclusion criteria were applied. 

2.2. Study design and data collection 

In 2009, all participants had a bone mineral density measurement 
using dual-energy X-ray absorptiometry (DXA) with vertebral fracture 
assessment (VFA) (Hologic Discovery W/A). BMD was expressed in g/ 
cm2 and T-scores. A T-score is the number of standard deviations (SD) 
below peak bone mass, according to the manufacturer’s reference 
database. DXA is the gold standard for diagnosing a normal bone density 
(a T-score ≥ − 1.0 SD), osteopenia (a T-score of − 1.0 to − 2.5 SD) and 
osteoporosis (a T-score ≤ − 2.5 SD) as defined by the World Health 
Organization [17]. 

For each individual in this study, data collection started on the day of 
the DXA scan (between August 31st and September 29th, 2009) and 
ended after seven years of follow-up (between October 5th and 
November 30th, 2016). When a patient deceased, or left the care facility 
during the study period, data collection was stopped on the day of death 
or discharge. The patients’ medical files at the care facility and the 
radiology reports of the hospital patients were referred to, were screened 
to extract clinical fractures. In addition, fracture-related search terms (i. 

e. ‘#’, ‘breuk’, ‘gebroken’, ‘fractu*’) were used to screen notes and 
documents from nursing staff and general practitioners. All clinical 
(symptomatic) fractures were classified according to the ICD-10. Major 
osteoporotic fractures (MOF) were defined as: fractures of proximal 
humerus (S42.2-S42.4), forearm (S52), hip (S72.0-S72.2) and vertebrae 
(S12, S22.0-S22.1, S32.0-S32.2, S32.7-S32.8) [18]. In this study, we 
only included symptomatic vertebral fractures (VFs). Asymptomatic 
prevalent vertebral fractures (as diagnosed by VFA) in our study popu-
lation were previously reported [19]. Of the 184 patients with a VFA at 
baseline, 77 (41.8%) were diagnosed with a prevalent vertebral fracture. 

Patient characteristics (age, sex, length, weight, intellectual 
disability and ambulatory status) and (history of) medication use 
(antiseizure drugs, calcium, and vitamin D supplements and 
bisphosphonates) were extracted from the patients’ medical files. Pa-
tients were treated with calcium and vitamin D and additionally with 
bisphosphonate (BP) therapy (oral or intravenous) in case of osteopo-
rosis or a vertebral fracture grade two or three, according to the Dutch 
guideline at that time [20,21]. None of the patients received denosu-
mab, strontium ranelate, raloxifene, teriparatide, or recombinant para-
thyroid hormone (PTH). All medication (including supplementation of 
calcium and vitamin D) was administered by nurses and/or taken under 
direct supervision. 

2.3. Statistical analysis 

The primary outcome of this study is the incidence of clinical frac-
tures over seven years follow-up. Data are presented as means (±SD), 
medians (interquartile range, IQR), or frequencies (percentages). Dif-
ferences between patients with and without complete follow-up were 
analyzed using Student’s t-test (parametric) or Mann-Whitney U-test 
(nonparametric) for continuous variables, and Pearson’s Chi-Square test 
for categorical variables. The incidence rate (IR) was calculated as the 
total number of clinical fractures during follow-up, divided by the sum 
of each patients’ time at risk. Fracture incidence rates for subgroups 
were compared by calculating incidence rate ratios (IRR) using R version 
4.0.3 (The R Foundation for Statistical Computing, Austria). Hazard 
ratios (HR) were calculated to identify factors associated with fracture 
risk, using Cox Proportional Hazards analyses. All outcomes were 
analyzed using SPSS version 27 (IBM Corporation, UK) and statistical 
tests were two-tailed with a level of significance of 0.05. 

3. Results 

3.1. Study population 

A total of 205 patients (124 male, 60.5%) aged between 18–88 years 
(median 48, IQR 34–60) were enrolled in the study. Duration of follow- 
up ranged from 1 to 87 months (median 85.3, IQR 84.7–85.9). Baseline 
characteristics are shown in Table 1. 

3.2. Antiseizure drugs 

At baseline, 150 patients (73.2%) used both enzyme-inducing and 
non-enzyme-inducing drugs. During follow-up, 103 patients (50.2%) 
had a switch in prescribed antiseizure drugs; 78 patients (38.0%) started 
at least one other antiseizure drug and 75 patients (36.6%) stopped at 
least one antiseizure drug they were using at baseline. Twenty-eight 
patients (13.7%) stopped at least one enzyme-inducing drug (12 car-
bamazepine, 9 phenytoin, 2 phenobarbital, 2 oxcarbazepine, 1 top-
iramate and 2 phenytoin+topiramate) and four patients (2.0%) 
switched from one enzyme-inducing drug to another enzyme-inducing 
drug. In addition, six patients (2.9%) started an enzyme-inducing drug 
(3 phenytoin, 1 carbamazepine, 1 oxcarbazepine, 1 topiramate). 
Further, a total of 169,028 epileptic seizures (median 275 seizures per 
patient during follow-up, IQR 55–1060) were reported. Half of the pa-
tients (47.3%) had one or more seizures a week. 
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3.3. Bone mineral density and treatment 

In 2009, all patients underwent a DXA scan. In ten patients (4.9%) 
the scan failed due to physical impairments (n = 4), lack of cooperation 
(n = 4) or the inability to lie still (n = 2). Ninety-two patients (44.9%) 
were diagnosed with osteopenia and 65 (31.7%) with osteoporosis. The 
remaining 38 patients (18.5%) had a normal BMD. 

At baseline, 22 patients (10.7%) used calcium supplementation, 11 
patients (5.4%) vitamin D and 14 patients (6.8%) had a combination of 
calcium and vitamin D. 

Forty-two patients (20.5%) already received bisphosphonate therapy 
at the start of the study and in 41 patients (20.0%) treatment with anti- 

osteoporosis medication was initiated during the follow-up period. 

3.4. Clinical fractures 

Between 2009 and 2016, 82 patients (40.0%) sustained 156 clinical 
fractures, of whom 38 (18.5%) had at least one MOF (16 hip, 16 
vertebrae, 9 forearm and 5 proximal humerus). Details on individual 
fracture sites are shown in Table 2. Seventy-one fractures (45.5%) were 
reported after a fall and at least 39 fractures (25.0%) were caused by a 
seizure; between 0.02–0.1% of the reported seizures led to a fracture. 

Eight fractures (5.1%) were caused by an accident or trauma and 
three fractures (1.9%) had been reported to occur spontaneously. For the 
remaining 35 fractures (22.4%), the circumstances were not reported in 
the medical records. The median time to the first fracture was 33.5 
months (IQR 18.4–54.1). 

Total person-time in this study was 1342.8 years, leading to an IR of 
11.6 fractures per 100 person-years, or one fracture every 8.6 person- 
years. In Table 3 the IRRs for subgroups are shown. The IR was signif-
icantly lower in patients who were wheelchair dependent than in pa-
tients who were able to walk (p < .001). The IR was significantly higher 
in patients diagnosed with osteoporosis vs patients with normal BMD (p 
= .004) and during bisphosphonate therapy vs not during therapy (p =
.003). 

After adjustment for age, sex, femoral neck BMD, prevalent VF and 
seizure frequency (Table 4), mobility was the only factor that remained 
significantly associated with fracture risk with a lower risk (HR 0.32, 
[95% CI 0.16–0.64], p < .001) in wheelchair dependent patients. 

3.5. Lost to follow-up 

Between 2009 and 2016, 30 patients (14.6%) deceased and 3 pa-
tients (1.5%) left the facility. Patients who deceased were significantly 
older (p < .001) than patients who completed follow-up and had a sig-
nificant lower BMD of femoral neck and total hip (p < .01). No signifi-
cant differences were found between the two groups, regarding BMD of 
lumbar spine (p = .339), sex (p = .651), BMI (p = .876), ambulatory 
status (p = .055), prescribed number of antiseizure drugs (p = .206) or 
prevalent vertebral fractures (p = .605) at baseline. 

Table 1 
Baseline characteristics (in 2009) of 205 patients with refractory epilepsy and 
intellectual disability.   

n (%) Median (IQR) 

Sex   
Male 124 (60.5)  
Female 81 (39.5)  
Age (in years) 205 48 (34–60) 
Intellectual disability   
None (IQ ≥ 70) 2 (1.0)  
Mild (IQ 55–70) 56 (27.3)  
Moderate (IQ 40–55) 72 (35.1)  
Severe (IQ 25–40) 61 (29.8)  
Profound (IQ <25) 14 (6.8)  
Ambulatory status   
Wheelchair dependent 58 (28.3)  
Walk with aid 25 (12.2)  
Walk without aid 122 (59.5)  
Body Mass Index   
Underweight (<18.5) 7 (3.4)  
Normal weight (18.5–25) 96 (46.8)  
Overweight (25–30) 73 (35.6)  
Obese (≥30) 29 (14.1)  
Number of antiseizure drugs  3 (2–4) 
None 8 (3.9)  
One 16 (7.8)  
Two 42 (20.5)  
Three 78 (38.0)  
Four 54 (26.3)  
Five 3 (1.5)  
Six 4 (2.0)  
Enzyme-inducing* 171 (83.4)  
Strong; Carbamazepine 123 (60.0)  
Phenobarbital 21 (10.2)  
Phenytoin 45 (22.0)  
Weak; Oxcarbazepine 27 (13.2)  
Topiramate 28 (13.7)  
Non-enzyme-inducing* 176 (85.9)  
Acetazolamide 1 (0.5)  
Clobazam 81 (39.5)  
Clonazepam 34 (16.6)  
Ethosuximide 4 (2.0)  
Felbamate 1 (0.5)  
Gabapentin 9 (4.4)  
Lacosamide 1 (0.5)  
Lamotrigine 76 (37.1)  
Levetiracetam 40 (19.5)  
Pregabalin 6 (2.9)  
Valproic acid 88 (42.9)  
Vigabatrin 1 (0.5)  
Zonisamide 3 (1.5)  
Seizure frequency   
None 21 (10.2)  
Less than 1 a year 10 (4.9)  
1 a month to 1 a year 28 (13.7)  
1 a week to 1 a month 49 (23.9)  
1 a day to 1 a week 80 (39.0)  
More than 1 a day 17 (8.3)  

IQ = Intelligence quotient, IQR = Interquartile Range *Due to polytherapy and/ 
or the use of both enzyme- and non-enzyme-inducing antiseizure drugs, total 
numbers add up to more than 100%. 

Table 2 
Clinical fractures and fracture locations in patients with refractory epilepsy and 
intellectual disability (n = 205).  

Fractures Patients (%)  

None 123 (60.0)  
1 50 (24.4)  
2 10 (4.9)  
3 11 (5.4)  
4 7 (3.4)  
5 3 (1.5)  
10 1 (0.5)  
MOF Patients (%)  
None 167 (81.5)  
1 31 (15.1)  
2 6 (2.9)  
3 1 (0.5)  
ICD-10 Fracture location Fractures (%) 
S02.0-S02.9 Skull / facial bones 9 (5.8) 
S12.0-S12.9 Neck 3 (1.9) 
S22.0-S22.9 Rib(s) / sternum / thoracic vertebrae 13 (8.3) 
S32.0-S32.8 Lumbar vertebrae / pelvis 7 (4.5) 
S42.0-S42.9 Shoulder / upper arm 31 (19.9) 
S52.0-S52.9 Forearm 9 (5.8) 
S62.0-S62.8 Wrist / hand 15 (9.6) 
S72.0-S72.9 Femur 17 (10.9) 
S82.0-S82.9 Lower leg (incl. ankle) 33 (21.2) 
S92.0-S92.9 Foot 19 (12.2) 
Total 156 (100.0)  

MOF = Major osteoporotic fracture. 
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4. Discussion 

Over seven years follow-up, 40.0% of institutionalized adult patients 
with epilepsy and intellectual disability had suffered from at least one 
clinical fracture, of whom 38 (46.3%) had at least one MOF. A total of 
156 fractures, including 46 (29.5%) major osteoporotic fractures, had 
been reported during the follow-up period. Fracture risk was signifi-
cantly lower in patients who were wheelchair dependent as compared to 
those who were able to walk. In multivariate analyses, no significant 
differences were found regarding age, sex, seizure frequency, BMD of 
femoral neck and the presence of a prevalent VF at baseline. 

In a large Dutch population-based study in people of 45 years and 
older, a fracture incidence rate of 2.1 per 100 person-years was found 
[22]. In our younger study population (mean age 46.8 ± 16.6 vs 64.7 ±
9.4 in men and 66.5 ± 10.9 in women) the fracture incidence rate was at 

least five times higher. Schoufour et al. (2015) studied fractures over a 
three-year follow-up period in patients with intellectual disability aged 
50 years and over [23]. Of the 651 patients with complete follow-up 
data, 97 (15%) sustained one or more fractures, resulting in an IR of 
at least 5.0 fractures per 100 person-years. Previously published studies 
in comparable study populations, reported fracture incidences similar to 
ours, between 7.1 and 14.2 per 100 person-years [11–14]. These studies 
included institutionalized adult patients with epilepsy, however the 
degree of mobility and the severity of physical disabilities were under-
reported and none of these studies reported treatment with bone agents 
such as bisphosphonates. In addition, these studies were of older age 
(1977–1999) and did, for that reason, include patients using older 
(enzyme-inducing) antiseizure drugs, mostly phenobarbital and 
phenytoin. In our study also newer (non-enzyme-inducing) antiseizure 
drugs were included, often in polytherapy. 

Over the years, several laboratory, preclinical and clinical studies 
have focused on fracture risk associated with the use of enzyme- vs non- 
enzyme-inducing antiseizure drugs. Despite numerous attempts to un-
ravel the pathophysiological mechanisms behind the increased fracture 
risk, these are still not fully understood. It is certain however, that 
multiple mechanisms exist and that bone mineral disorders are not 
limited to the use of enzyme-inducing drugs [24,25]. In our study, about 
three-quarter of the patients used both types of antiseizure drugs and 
half of all patients had at least one switch in prescribed antiseizure drugs 
during follow-up. Therefore, we are not able to draw conclusions 
regarding fracture risk associated with the use of either enzyme- or 
non-enzyme inducing antiseizure drugs. 

Of all seizures that were reported during our study (n = 169,028), at 
least 39 resulted in a fracture (0.02–0.1%). This is comparable to what 
Nakken et al. (1993) found (0.1%) in institutionalized adult patients 
with intellectual disability and therapy-resistant epilepsy [26]. Note that 
these studies are probably not very comparable, due to improved tech-
niques in detecting nocturnal seizures which may have increased the 
number of reported seizures in our study. 

As for fracture locations, Grzonka et al. (2019) focused on fractures 
as a direct consequence of generalized convulsive seizures and/or status 
epilepticus [27]. Fractures of the shoulders (bilateral; 33%), thor-
acic/lumbar vertebrae (29%), skull/jaw (8%) and (bilateral) femoral 
neck (6%) were most frequently reported. In our study, these percent-
ages were 7.7%, 0%, 15.4% and 7.7%, respectively. None of the 

Table 3 
Fracture incidence rates (IR) per subgroup and incidence rate ratios (IRR) for comparisons between subgroups.   

Subgroup N Patients N Fractures P-Ys IR per 100 P-Ys IRR (95% CI) P 

Sex Male 124 97 812.6 11.9 –   
Female 81 59 530.2 11.1 0.93 (0.67–1.29) .671 

Age 18–49 years 112 85 764.7 11.1 –   
≥ 50 years 93 71 578.1 12.3 1.10 (0.81–1.51) .535 

Mobility Able to walk 147 142 966.4 14.7 –   
Wheelchair dependent 58 14 376.3 3.7 0.25 (0.15–0.44) <.001** 

BMI category Underweight 7 2 41.0 4.9 0.39 (0.10–1.58) .172  
Normal weight 96 79 631.4 12.5 – .892  
Overweight 73 61 476.4 12.8 1.02 (0.73–1.43) .055  
Obese 29 14 193.9 7.2 0.58 (0.33–1.02)  

Diagnosis (at baseline) Normal BMD 38 20 250.0 8.0 –   
Osteopenia 92 65  10.9 1.36 (0.83–2.25) .223  
Osteoporosis 65 71 595.5 16.4 2.05 (1.25–3.37) .004**     

432.1    
BP treatment Not during treatment  81 850.2 9.5 –   

During treatment  75 492.5 15.2 1.60 (1.17–2.19) .003** 
Seizure frequency Seizure-free 21 7 115.5 6.1 –   

Less than 1 a year 10 5 71.3 7.0 1.16 (0.37–3.65) .803  
1 a month to 1 a year 28 26 192.8 13.5 2.23 (0.97–5.13) .054  
1 a week to 1 a month 49 42 303.1 13.9 2.29 (1.03–5.09) .037*  
1 a day to 1 a week 80 62 549.4 11.3 1.86 (0.85–4.07) .113  
More than 1 a day 17 14 110.8 12.6 2.09 (0.84–5.17) .104 

BMD = Bone mineral density, BMI = Body Mass Index, BP = Bisphosphonates, CI = Confidence interval, IR = Incidence rate, IRR = Incidence rate ratio, P-Ys = Person- 
years *p < .05 **p < .01. 

Table 4 
Multivariate analysis for the risk of fracture during seven years of follow-up in 
patients with refractory epilepsy and intellectual disability (n = 205).   

Adjusted HR (95% CI)a p 

Sex 
Male 1.00  
Female 1.00 (0.62–1.61) .987 
Age 1.00 (0.98–1.02) .967 
Mobility 
Able to walk 1.00  
Wheelchair dependent 0.32 (0.16–0.64) <.001** 
BMD (FN) at baseline 0.19 (0.03–1.33) .095 
Prevalent VF at baseline 
No 1.00  
Yes 1.41 (0.85–2.32) .181 
Seizure frequency 
Seizure-free 1.00  
Less than 1 a year 0.84 (0.21–3.40) .803 
1 a month to 1 a year 1.14 (0.36–3.61) .827 
1 a week to 1 a month 1.19 (0.38–3.69) .770 
1 a day to 1 a week 0.97 (0.30–3.15) .953 
More than 1 a day 0.85 (0.19–3.91) .835 

BMD = Bone mineral density, CI = Confidence interval, FN = Femoral neck, HR 
= Hazard ratio, VF = Vertebral fracture aAdjusted for age, sex, mobility, BMD of 
femoral neck at baseline, prevalent VF at baseline and seizure frequency *p <
.05, **p < .01. 
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seizure-related fractures in our patients had been bilateral. In our study, 
fractures of the lower leg/foot (13/39) and clavicle (9/39) were the 
most frequently reported seizure-related fracture sites. Some fractures in 
our study participants may have been the result of a fall, rather than the 
seizure itself, explaining possible differences in fracture locations as 
compared to the meta-analysis of Grzonka et al. [27]. 

Additionally, we would like to consider other causes of falling than 
seizures. The most common side effects of antiseizure drugs are dizziness 
and ataxia, resulting in an unsteady gait and impaired balance function 
[28,29]. Additional risk factors for falling in patients with disabilities, 
are visual impairments, a decreasing physical ability, paretic conditions, 
impulsiveness, previous falls, incontinence and the non-use of assistive 
equipment [30]. In our study, almost half of the fractures (45.5%) had 
been reported after a fall. In line with the aforementioned factors, we 
found a lower risk of fractures in patients who were wheelchair 
dependent than in patients who were able to walk. Based on our find-
ings, we recommend educating caregivers about fracture risks and to 
raise more awareness about safety measures and fall prevention. 

We followed a large group of adult patients with epilepsy over seven 
years and started (individual) anti-osteoporosis treatment according to 
the Dutch guidelines. In total, 75 fractures (48.1%) had occurred during 
treatment with bisphosphonates. This may raise questions about the 
effectiveness of the bisphosphonate therapy, but a plausible explanation 
is that it may reflect the severity of the bone mineral problems in those 
who receive treatment. 

To our knowledge, there are only few studies describing the efficacy 
of anti-osteoporosis treatment in patients on antiseizure drugs [31–33]. 
Lazzari et al. (2013) performed a randomized controlled trial in male 
veterans with epilepsy [31]. Due to ethical reasons, patients with oste-
oporosis had been excluded. The study group (n = 27) received risedr-
onate and the control group (n = 26) a matching placebo. During two 
years of follow-up there had been six MOFs in the placebo group and 
none in the study group (p = .023). Despite the importance of this 
research, the results may not be generalizable to other patients with 
epilepsy, due to the specific in- and exclusion criteria. A less restricted 
sample was described in the clinical setting of Miller et al. (2020) [32]. 
They retrospectively reviewed an urban population of patients with 
epilepsy. All participants (n = 81) had two DXA scans at least five years 
apart (median 9.4 years, range 5–14.7). Eleven patients (13.6%) had 
sustained at least one MOF during follow-up, of whom two patients 
(18.2%) were prescribed bisphosphonates at their initial DXA scan. 
Lacking a control group, it is unclear whether anti-osteoporosis treat-
ment influenced the incidence of MOFs. Whitney (2020) adjusted for 
anti-osteoporosis treatment, by comparing five matched groups (n  =
828 per group) by epilepsy status (with or without) and use of osteo-
porosis medication (no user, consistent user, or new user) [33]. 
His-study showed a twelve-month (non-traumatic) fracture risk atten-
uation in adults with epilepsy who were treated with anti-osteoporosis 
medication, especially in those who just started treatment. 

In our study, we cannot draw conclusions about the efficacy of 
bisphosphonates on fractures, as it was ethically not justified to form a 
control group within our cohort. With regards to safety; two reported 
adverse effects of long-term bisphosphonate therapy are osteonecrosis of 
the jaw and atypical subtrochanteric femoral fractures [34]. To our 
knowledge, none of our study participants had suffered from these side 
effects. 

4.1. Limitations 

Although all our patients live in a sheltered and relatively safe 
environment, we observed a total of 156 fractures in 82 patients. 
Overall, this number might be underestimated for several reasons. Pa-
tients who were lost to follow-up were significantly older than patients 
who completed follow-up, which may probably have resulted in un-
derestimation. In addition, it can be difficult to diagnose fractures in 
patients with severe physical deformities or in patients who are unable 

to lie still for diagnostics. Patients are not always referred to the hospital 
when suspecting a fracture. For example, when there are no treatment 
options (e.g. a well-positioned nose fracture without obstruction of the 
airway) or when the fracture is considered as minor and does not affect 
physical outcome (e.g. a fractured toe or metatarsal bone in a patient 
who is not able to stand or walk). In those cases, a visit to the hospital 
results in a high burden and a lot of stress and does not lead to any 
benefit for the patient itself. Since we have only included radiographi-
cally verified fractures, these fractures are not accounted for in this 
study. Also, patients may not be able to indicate pain or discomfort 
caused by a fracture due to poor intellectual and/or verbal capacities. In 
these (more disabled) patients, minor fractures may not have been 
recognized. All the above-mentioned reasons could have led to an un-
derestimation of the real fracture incidence. Due to the severity and the 
impact, we do believe that no major osteoporotic fractures had been 
missed during follow-up of the patients in our study. 

Information regarding the circumstances and/or cause of the frac-
ture was missing in some patients. In those cases, we were not able to 
differentiate between fractures caused by trauma or seizures. Fractures 
of unknown causes in our study, may have been the result of an 
unwitnessed trauma or seizure. 

5. Conclusion 

This study demonstrated that 40% of institutionalized adults with 
epilepsy and intellectual disability had at least one clinical fracture 
during seven years of follow-up, despite anti-osteoporosis treatment 
according to the Dutch guidelines. The use of (multiple) antiseizure 
drugs is known to decrease bone mineral density and increase fracture 
risk. In our study, at least 70% of the fractures had been caused by a fall 
and/or seizure. In addition to seizure reduction, it is essential to have a 
focus on fall prevention. Physical disabilities, comorbidity, behavioral 
issues and drug side effects might increase the risk of falling, especially 
in patients who are able to walk. This study emphasizes the complex and 
multifactorial nature of fractures in patients with epilepsy and intel-
lectual disability. These patients already suffer from multiple physical 
disabilities and are mainly dependent on others for their daily living. 
Fractures have a high impact on their quality of life. Even unrecognized, 
fractures may cause pain, discomfort and further limit daily activities. In 
order to prevent fractures in this specific group, more research is needed 
to establish optimal treatment options. 
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