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Abstract  

Vitamin D measurements and dual energy x-ray absorptiometry (DXA) scans are 

recommended in people with intellectual disability and/or epilepsy in order to prevent 

bone-linked harm. The prevalence of vitamin D supplementation and bone mineral 

density screening were evaluated in 68 people with epilepsy and intellectual disability 

(EID) and 68 matched controls with epilepsy without intellectual disability. DXA 

scan was not performed in any of the people with EID while performed in 11.8% of 

the people in the control group. People with EID had a higher vitamin D 

supplementation rate, and were treated with more antiepileptic drugs (AEDs) and 

more AED combinations including first generation AEDs. Increased awareness of 

bone health screening in people with epilepsy and especially EID is warranted.                                                                                                                          
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1. Introduction 

People with intellectual disability (ID) or epilepsy are at increased risk of falls and 

fractures compared with the general population [Axmon et al. 2019; Miller et al. 

2020]. Falls can occur outdoors and during vital indoor activities in people with ID, 

and were reported at younger ages compared to the general population [Axmon et al. 

2019; Miller et al. 2020; Schrager et al. 2007]. In people with epilepsy, fractures can 

occur especially during generalized convulsive seizures, and the risk of falls and 

subsequent fractures can be increased by side-effects of antiepileptic drugs (AEDs), 

such as ataxia and sedation, especially in people with reduced bone mineral density 

(BMD) [Grzonka et al. 2019;Pack 2011; Winterhalder R, Shankar R. 2022].                                                                                                                          

Low BMD and vitamin D deficiency are independent risk factors for fractures. 

Vitamin D stimulates calcium absorption and influences bone mineralization and 

turnover, thus preventing osteomalacia and benefiting skeletal development in 

children and adolescents, as well as improving musculoskeletal and neuromuscular 

coordination in adults and decreasing risk of falls [Grant et al. 2015]. Generally, BMD 

is affected by hereditary factors, including gender and ethnicity. Decreased BMD was 

associated with age, hormonal status, alcohol, smoking, and lack of nutrition or 

exercise, and was also related to ID level, decreased ambulation, and AEDs 

[Winterhalder et al. 2022]. People with ID or epilepsy have high prevalence of 

vitamin D deficiency and high rates of decreased BMD [Bastiaanse et al. 2014; Frighi  

et al. 2014; McKinnon et al. 2018; Winterhalder et al. 2022], and these are even 

higher in people with both ID and epilepsy [Berkvens et al. 2021; Winterhalder et al. 

2022]. Although there is no agreement on normal 25(OH)D levels, there is consensus 

that levels lower than < 20 ng/mL in adults are associated with osteomalacia or 

osteoporosis, proximal limb muscle weakness and increased risk of fractures [Cesareo 
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et al. 2018]. Screening for vitamin D deficiency is recommended in individuals at 

risk, including- among others- those with osteomalacia, osteoporosis, history of falls 

or non-traumatic fractures, treatment with AEDs, and people with insufficient sun 

exposure [Cesareo et al. 2018].  

In the general population, BMD screening is recommended for women ≥65 years old 

or for younger ages in the presence of risk factors (i.e. prior history of fracture or 

rheumatoid arthritis, use of glucocorticoid steroids, tobacco or alcohol, family history 

of osteoporosis and fracture) [Pack 2011; Winterhalder et al. 2022]. In people with 

ID, it is recommended to begin BMD screening at younger ages [Dreyfus et al. 2014]. 

In people with AED- treated epilepsy, it is recommended to counsel about adequate 

vitamin D intake, consider routine 25-hydroxyvitamin D screen especially when 

treated with enzyme-inducing AEDs, and to obtain a dual energy x-ray 

absorptiometry scan (DXA scan) to measure BMD in people with increased fracture 

risk, including long-term AED exposure, especially in the presence of other risk 

factors [Berkvens et al. 2021;Pack 2011].                                                                              

In this study, we aimed to evaluate the prevalence of vitamin D supplementation and 

BMD screening in people with epilepsy and intellectual disability (EID) who 

presented to their first visit in our epilepsy clinic.                               

2. Patients and methods  

 The study was approved by the Ethics Committee at our Medical Center.                                                                                                                                    

The computerized medical information management system was searched for the 

summary of the first epilepsy clinic visit during a 10-year period (2012 - 2021). Sixty-

eight people with EID were identified and were compared to a control group that 

included 68 people with epilepsy without ID, matched for age, gender, and epilepsy 



5 
 

type and duration.                                                                                                          

The visit summaries were retrospectively reviewed for the following data: age, 

gender, reason for visit, epilepsy type and duration, number and type of current 

AEDs, number of previous AEDs, presence of vagus nerve stimulator (VNS), status 

of vitamin D consumption and performance of DXA scan. Seizure types and epilepsy 

syndromes were classified based on criteria of the International League Against 

Epilepsy [Scheffer et al. 2017]. AED type was classified according to AED generation 

as following: first generation (phenytoin, carbamazepine, valproic acid, phenobarbital, 

clonazepam, sultiame, primidone, ethosuximide), second generation (lamotrigine, 

topiramate, levetiracetam, gabapentin, oxcarbazepine, zonisamide, vigabatrin, 

felbamate), third generation (lacosamide, perampanel, brivaracetam, stiripentol, 

clobazam), polytherapy including a first generation AED, and polytherapy of second 

and third generation AEDs.                                                                                                                                                                            

Statistical analysis was done by SPSS version 27.0, Chicago, IL. Categorical variables 

were analyzed using Pearson χ2 test (reason for first visit, AED type) and Fisher's 

Exact test (gender, epilepsy type, treatment with vitamin D, performance of DXA 

scan, presence of VNS), and  t test was used to analyze continuous variables (age, 

epilepsy duration, number of previous and current AEDs). Statistical significance was 

determined at p<0.05.                                                                                                                 

3. Results 

 The study groups included 136 people with epilepsy aged 18 to 61 years (mean- 25.8 

years), 82 (60.3%) men, 40 (29.4%) with generalized and 96 (70.6%) with focal 

epilepsy. Epilepsy duration ranged between 0.1 to 50 years (mean- 18 years). 

Seventy-six (55.9%) people were referred to the clinic with questions regarding 

management (change of AED dosage or type, AED discontinuation, epilepsy surgery, 

https://onlinelibrary-wiley-com.assafh.idm.oclc.org/action/doSearch?ContribAuthorRaw=Scheffer%2C+Ingrid+E
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VNS), 22 (16.2%) - following admission, and 38 (27.9%) people were transferred 

from neuropediatric follow-up. Sixty-four (47.1%) people were treated with AED 

monothearpy, 43 (31.6%) received two AEDs, and 29 (21.2%) people were treated 

with a polytherapy of 3 to 7 AEDs. Thirteen (9.6%) people had a VNS. Eighty-six 

(63.2%) people received first generation AEDs or a polytherapy of first and second 

and/or third AEDs, and 50 (36.8%) were treated with second- and/or third generation 

AEDs. Fifty-one (37.5%) people were previously treated with 1 -2 AEDs, 45(32.9%) - 

with 3-15 AEDs, and 40 (29.4%) people had no previous AEDs.                            

People with ID were treated in general with more AEDs (2.2 vs 1.5) (p=0.001) and 

more polytherapies that included first generation AEDs (45.6% vs 20.6%) (p=0.009). 

Vitamin D supplementation rate was higher among people with EID (18(26.5%) vs 

8(11.8%)) (p=0.048). None of the people with EID had a DXA scan while performed 

in 8 (11.8%) people without ID (p=0.006).   

4. Discussion 

 In this study we evaluated the prevalence of vitamin D supplementation and BMD  

screening in people with epilepsy and with or without ID. We found that a DXA scan 

was performed in a small percentage of the people without ID who presented for their 

first visit in our epilepsy clinic and in none of the people with EID.                                                                                                                      

Challenges in accessing appropriate investigations are one of the areas of concern in 

the diagnosis and medical treatment of people with EID [Kerr et al. 2014]. Most 

people with ID can tolerate blood tests and cooperate with a DXA scan [Berkvens et 

al. 2021; Frighi et al. 2019; Winterhalder et al. 2022]. According to the 2007 practice 

guideline of the International Society for Clinical Densitometry, an alternative test 

(i.e. quantitative ultrasound) can be used to assess fracture probability in people who 

cannot cooperate to perform a DXA scan [Krieg et al. 2008;Winterhalder et al. 2022], 
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however, only modest associations with DXA BMD measurements were 

demonstrated in later analyses [Shalof et al.. 2021; Swinton et al. 2023].                              

In previous studies, BMD screening was performed in 23% of adults with ID (34% of 

women, 13% of men), significantly lower than screen rates in the general population 

[Dreyfus et al. 2014]. Factors associated with having a BMD screen included use of 

vitamin D or AED, living in a 24-hour supported residential setting, and recent receipt 

of a flu vaccine, and decreased likelihood of screening was associated with diagnosis 

of Down syndrome [Dreyfus et al. 2014]. It was suggested that the low rate of BMD 

screening in people with ID may be related to low awareness of health providers and 

possibly of people with epilepsy and ID and their carers of the increased osteoporosis 

risk in this population [Dreyfus et al. 2014; Sawhney et al. 2020],   

 In our group, vitamin D supplementation rate was higher in people with EID. It is 

possible that vitamin D deficiency rate was higher in people with both epilepsy and 

ID, as previously reported [Bastiaanse et al. 2014; Frighi  et al. 2014; McKinnon et al. 

2018; Winterhalder et al. 2022], and cannot be ascertained by our limited data 

regarding pre-supplementation 25-hydroxyvitamin D serum levels. It is also possible 

that people were supplemented with vitamin D when a DXA scan was deemed 

infeasible, and this was more likely in people with- compared to those without ID 

[Winterhalder et al. 2022]. Another possible explanation is that the increased access to 

preventive care in people with EID lead to higher rate of vitamin D supplementation 

in this group [Dreyfus et al. 2014].                                                                      

 Sixty-six percent of our people with EID received first generation AEDs and were 

treated with significantly more polytherapies that included first generation AEDs 

compared to people without ID. First generation AEDs are frequently used to treat 

epilepsy in people with ID despite their adverse effects on bone health and many are  
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exposed to AED polytherapy [O'Dwyer et al. 2018; Snoeijen-Schouwenaars et al. 

2021]. Negative effects on bone health were consistently reported for phenytoin, 

phenobarbital and primidone, and there are mixed reports regarding carbamazepine 

and valproate [Pack 2011]. AED polytherapy was associated with increased fracture 

risk, related both to decreased BMD and to dose dependent effect on the central 

nervous system [Baddoo et al. 2021; Souverein et al. 2006; Tsiropoulos et al. 2008; 

Vestergaard et al. 2004]. Data regarding second and third generation AEDs are 

limited. Oxcarbazepine can reduce vitamin D metabolites [Cansu et al. 2008; Mintzer 

et al. 2006]. Lamotrigine effects on bone are limited but there are conflicting reports 

[Gou et al. 2001; Kim et al. 2007; Pack et al. 2008]. Topiramate and zonisamide can 

cause renal acidosis, both associated with secondary bone abnormalities [Pierce et al. 

1991]. Levetiracetam was found to affect bone quality in animal studies [Nissen-

Meyer et al. 2007]. Although decreased BMD and increased fracture risk were mostly 

associated with enzyme-inducing AEDs, other mechanisms may be implicated, 

including inhibition of intestinal calcium absorption, osteoclast cell growth, cellular 

response to parathyroid hormone and calcitonin secretion, hyponatremia-induced 

osteoporosis, direct effects on bone cells and bone turnover markers, and AED 

adverse effects (i.e. dizziness, unsteadiness, confusion) [Diemar et al. 2019; Fan et al. 

2016; Winterhalder & Shankar, 2022].                                                                                                                        

This retrospective study has several limitations. We had no data on the type of 

previous AEDs, and it is possible that these influenced current vitamin D 

supplementation status. This study focused on the performance of DXA scan 

according to treatment guidelines in this population. We had no access to data 

regarding vitamin D nutritional status (i.e. intake, supplementation dose and duration) 

and BMD moderating factors, and had only partial results of 25-hydroxyvitamin D 
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serum levels and DXA scans, and therefore, could not evaluate whether vitamin D 

dose was effective in achieving a sufficient vitamin D status. Finally, this was a 

single-center study and our results need to be externally validated.                                                                                                

 In conclusion, this study shows that contrary to current recommendations, people 

with EID were not undergoing the same investigations as people with epilepsy 

without ID. A detailed evaluation of vitamin D nutritional status and BMD 

moderating factors, and measurement of 25-hydroxyvitamin D serum levels and BMD 

may improve our care of patients with epilepsy and EID. Further studies are needed to 

identify measures that can increase awareness of bone health screening in people with 

epilepsy and especially EID among physicians and caretakers.  
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Table. Clinical, bone health and AED-related parameters 

 

 Intellectual disability              p 

Individuals with 

(n=68) 

Individuals without 

(n=68) 

Age 25.6±10.3 26±10.6 0.835 

Gender (M/F)    41(60.3)/ 

27(39.7) 

41(60.3)/ 27(39.7) 1.000 

Epilepsy type Generalized 21(30.9) 19(27.9) 0.851 

Focal  47(69.1) 49(72.1) 

Epilepsy duration (years) 18.7±11 17.3±11 0.443 

Reason for 

visit 

Following admission 10(14.7) 12(17.6) 0.889 

Management* 39(57.4) 37(54.4) 

Transfer from 

neuropediatric  

follow-up 

19(27.9) 19(27.9) 

Current AEDs 2.2±1.2 1.5±0.8 0.001 

Previous AEDs 2±2.5 2.5±2.7 0.225 

AED type 1st generation 14(20.6) 22(32.4) 0.009 

2nd generation 21(30.9) 23(33.8) 

3rd generation 0 4(5.9) 

 

Polytherapy  

including 1st 

generation 

31(45.6) 14(20.6) 

2nd & 3rd 

generation 

2(2.9) 5(7.4) 
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VNS 8(11.8) 5(7.4) 0.561 

Vitamin D supplementation 18(26.5) 8(11.8) 0.048 

DXA scan 0 8(11.8) § 0.006 

25(OH)D serum level (ng/ml) §§ 

 

20.7±8.5   

(n= 44) 

20.9±7.1  

(n= 38) 

0.931 

BMI          

 

24±6.4  

(n= 27) 

25.9±5.6  

(n= 29) 

0.237 

 

n (%) 

AED- antiepileptic drugs, VNS- Vagus Nerve Stimulator                                                                                                               

* Management- questions regarding change of AED dosage or type, AED 

discontinuation, epilepsy surgery, VNS 

§ Four individuals had osteopenia: spine (1), spine and forearm (1), unspecified body 

area (2). One individual had borderline spine & normal hip (1). Three scans were 

normal. 

§§ Reference values: Deficiency < 10 ng/ml, insufficiency 10-30 ng/ml, sufficiency 

30-100 ng/ml.  


