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Abstract

Limited guidelines exist regarding osteoporosis prevention in the general popu-

lation. Despite being a subject of controversy, the majority of research suggests 

that decreased vitamin D levels correlate with increased bone turnover, that is, 

an important risk factor for osteoporosis development. In most guidelines, daily 

vitamin D supplementation is recommended. In persons with epilepsy (PWE), 

the situation is more complex, as other factors can increase the chance of being 

vitamin D deficient. Currently, there are no internationally accepted guidelines 

regarding monitoring bone health in PWE. Our aim was to review the existing 

evidence in PWE on: (1) risk factors for vitamin D deficiency, (2) the identifica-

tion of higher risk groups, and (3) the optimal ways to monitor bone health. Our 

narrative review shows that: (1) anti- seizure medication (ASM) use, especially 

enzyme- inducing ASM (EIASM) and valproic acid, is identified as an important 

risk factor for impaired bone health (e.g., increased risk for osteoporosis/fractures 

and/or vitamin D deficiency); (2) higher risk groups within the PWE population 

are present: intellectual or physical disability, institutionalized patients, puberty, 

early onset epilepsy and developmental epileptic encephalopathies, postmeno-

pausal women, and use of multiple ASM/concomitant drugs (e.g. corticoster-

oids); and (3) a monitoring scheme can be suggested including laboratory tests, 

bone density measurements, managing of risk factors, and/or vitamin D supple-

mentation. Overall, regular vitamin D measurement in PWE is a cost- effective 

and practical method for monitoring vitamin D deficiency, whereas in high- risk 

patients the combination of vitamin D measurement and bone densitometry is 

recommended. There is not enough evidence to advocate continuous vitamin D 

supplementation in all PWE. Children with epilepsy should receive the recom-

mended daily intake of vitamin D for age and additional monitoring and sup-

plementation if at higher risk of deficiency. There is a need for prospective trials 

exploring the potential benefit of vitamin D supplementation in PWE.
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1  |  INTRODUCTION

Only few guidelines exist with the goal of preventing os-
teoporosis in the general population.

Osteoporosis involves higher bone turnover rates, in-
dicating excessive bone resorption and inadequate bone 
formation. The characterization of osteoporosis is reliant 
on densitometric criteria (bone mineral density [BMD]).1 
Despite being a subject of controversy, the majority of re-
search suggests that deficient vitamin D levels correlate 
with increased bone turnover, that is, an important risk 
factor for the development of osteoporosis.2.

In most guidelines, daily supplementation of vitamin D 
(e.g., 400 IU) is recommended.3,4 Because vitamin D likely 
plays an important role in other physiological and disease 
processes, higher daily doses of vitamin D could be appro-
priate.5,6 More specifically, vitamin D plays a crucial role in 
brain development, neurotransmission, and neuroprotec-
tion.7–9 In addition, vitamin D is likely involved in headache, 
since there is a relationship between primary headache and 
vitamin D deficiency in both children and adults.10,11 These 
data underscore the possible benefit of vitamin D supple-
mentation in patients with neurological disorders.

Vitamin D supplementation has been proposed in spe-
cific populations with relatively higher osteoporosis risk 
factors, for example, older age, female gender, ethnicity or 
skin color, limited sunlight exposure (both seasonal and 
non- seasonal), dietary vitamin D inadequacy due to food 
preferences and customs, and individuals having limited 
weight- bearing exercise.12 However, recent large studies 
have shown that daily vitamin D supplementation does 
not decrease the risk of osteoporosis or fractures in the 
general or a specific population.5,6,13–18

In persons with epilepsy (PWE), the situation is even 
more complex as additional factors such as anti- seizure 
medications (ASMs) are known to increase the risk of vita-
min D deficiency. The prevalence of vitamin D deficiency 
is greater in PWE (45%–46%) compared to the general 
population (25%–29%).19–22 Recent research documented 
a 2 to 6 times increased risk of vitamin D deficiency, oste-
oporosis, and fractures in PWE compared to the general, 
age- matched population.23

Currently, there are no internationally accepted guide-
lines regarding how to monitor bone health in PWE. In 
this narrative review, we summarize the existing evidence 
on: (1) risk factors for vitamin D deficiency in PWE, (2) 
the identification of higher risk groups in PWE, and (c) 
the optimal ways to monitor bone health in PWE.

2  |  MATERIALS AND METHODS

2.1 | Literature search

A search of the current literature was conducted using 
MEDLINE (using PubMed) up to June 2023.

The free and medical subject heading (MeSH) terms 
used are indicated in Table  S1. The most recent studies 
(last 10 years) were selected, and abstracts were screened. 
Studies were eligible based on the following criteria: (1) 
focus on bone health (e.g., studying the risk of osteopo-
rosis/fractures, vitamin D deficiency, BMD) in PWE; (2) 
mention of vitamin D supplementation; and (3) mention 
of bone health outcome measurements (serum vitamin D 
and/or BMD). All original research was included. We also 
accessed review articles, and reference lists were checked 
for other relevant studies. We excluded comments, letters, 
and conference proceedings.

2.2 | Data synthesis

All studies were screened and selected by J.S. and L.L. 
J.S. and L.L. reviewed the full text and extracted the data 
from the included studies. Because this was a narrative 
review, there was no attempt to obtain statistical ag-
gregates or summary pooled estimates. Instead, salient 

K E Y W O R D S

bone health, monitoring, osteoporosis, risk factors, supplementation

Key points

• Limited guidelines exist regarding osteoporosis 
prevention and in persons with epilepsy (PWE) 
additional risk factors exist.

• Decreased vitamin D levels correlate with in-
creased bone turnover, that is, an important 
risk factor for osteoporosis development.

• Within PWE several risk factors/groups exist: 
e.g. institutionalized patients, enzyme- inducing 
ASM and valproic acid use, and several others.

• Monitoring scheme can be appropriate includ-
ing laboratory tests, bone density measure-
ments, managing of risk factors, and vitamin D 
prophylaxis.

• No evidence exists for vitamin D prophylaxis in 
all PWE, underscoring the need for prospective 
trials exploring a potential benefit.
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aspects were summarized in narrative form. All authors 
provided input into the findings and statements in this 
review.

3  |  RESULTS AND DISCUSSION

Our search resulted in the identification of 204 studies. 
After screening of the abstracts, 17 studies in PWE were 
eligible (Figure  S1). Five other studies were included 
based on bibliography references resulting in a total of 23 
studies (Table S2).

3.1 | Risk factors for impaired bone 
health and vitamin D deficiency in PWE

The literature identifies the use of ASMs as an important 
risk factor for impaired bone health (e.g., increased risk 
for osteoporosis/fractures and/or vitamin D deficiency; 
Table 1).24–26 An association between ASM use in several 
neurological diseases (epilepsy, pain, and movement 
disorders) and impaired bone health has been reported 
since the 1970s.27,28 Enzyme- inducing ASMs (EIASMs), 
such as phenytoin, phenobarbital, carbamazepine, and 
topiramate, induce different cytochrome P450 (CYP) 
enzymes that increase the hydroxylation of vitamin D. 
Subsequently, there is a reduction of vitamin D, which 
leads to hypocalcemia and hyperparathyroidism that re-
sults in increased bone loss.29 However, not all studies 
involving EIASMs reported this secondary hyperparath-
yroidism and/or decrease in vitamin D levels, indicat-
ing that other mechanisms/factors could play a role, 
for example: (1) hyponatremia, (2) genetic factors,30,31 
and (3) endocrine disruption (by increasing catabolism 
of sex steroids and decreasing levels of bioavailable 
hormones). In addition, nonenzyme- inducing ASM 
(NEIASMs) (valproic acid and levetiracetam) have been 
associated with hyponatremia, probably via increasing 
water reuptake in the kidneys by way of a mechanism 
resembling SIADH (syndrome of inappropriate antidiu-
retic hormone secretion).29

In a systematic analysis of 13 observational studies that 
compared EIASM- treated to NEIASM- treated PWE, five 
studies reported a BMD reduction and five other stud-
ies found no impact on BMD.32 Of interest, Vestergaard 
et  al.33 and Jetté et  al.34 found that carbamazepine and 
oxcarbazepine were significantly associated with a higher 
fracture risk, whereas other studied ASMs (valproic 
acid, topiramate, levetiracetam, and lamotrigine) were 
not. Even though valproic acid inhibits (instead of in-
duces) CYP enzyme, a valproic acid–associated vitamin 

D decrease was reported in a recent study for which vita-
min D supplementation was shown to restore the levels to 
normal in 95% of the patients and showed amelioration of 
other bone markers (ionized calcium, serum phosphate, 
and alkaline phosphatase levels). The exact mechanism 
for lowered serum vitamin D levels associated due to val-
proic acid is unknown.35 More recent studies describe in-
creased risk of osteoporosis, fractures, and/or decreased 
serum vitamin D in patients treated with valproic acid or 
EIASMs, which underscores ASM use as an important 
risk factor.36–41

ASM dose, duration, and polytherapy in PWE can also 
have other side effects (e.g., gait instability, dizziness, 
endocrine dysfunction), which increase the risk of frac-
tures beyond the risk associated with seizures themselves. 
Concomitant medications (e.g., corticosteroids) also in-
crease the risk of fractures.29,42,43

3.2 | Risk groups within the 
PWE population

Several subgroups within the population of PWE are iden-
tified in the literature as having a higher risk of osteoporo-
sis/fractures and/or vitamin D deficiency, which could be 
improved by vitamin D supplementation, for example (1) 
patients with intellectual disability (ID), (2) institutional-
ized patients, and (3) patients entering puberty (summa-
rized in Tables 2–5).

Three other important risk groups are patients 
with physical disability, early epilepsy onset, and post- 
menopausal persons. One could argue that in many pa-
tients with motor problems (e.g., wheelchair bound) the 
risk of osteoporosis, fractures, and vitamin D deficiency is 
relatively higher. Motor problems and physical disability, 
which is more common in patients with developmental 
epileptic encephalopathies (DEEs), can indeed increase 
the risk of osteoporosis and vitamin D deficiency.44,45 
It is also known that early onset epilepsy can be associ-
ated with impairments in motor function, which inde-
pendently increases the risk for osteoporosis.46,47

In the general population, menopause is associated 
with a higher risk of osteoporosis. Due to reduced estro-
gen production, postmenopausal women lose 3%–5% of 
their bone mass annually, which increases the risk for 
fractures.48–50 Although scarce data are available regard-
ing the osteoporosis and fracture risk in postmenopausal 
PWE,13,48,51,52 the additional risk factors previously de-
scribed would indicate that this risk is higher in PWE. All 
these data indicate that postmenopausal PWE who take 
an ASM should be considered as having a higher fracture 
risk.41,49,53 Only one recent study could be identified that 
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included postmenopausal women and found no gender 
difference in osteoporosis rates.52

In summary, the following groups at higher risk of 
osteoporosis, fractures, and vitamin D deficiency within 
the PWE population were identified: (1) patients with ID 
or physical disability, (2) institutionalized patients, (3) 
patients during puberty, (4) patients with early onset ep-
ilepsy and DEE, (5) postmenopausal women, (6) use of 
EIASMs, (7) use of multiple ASMs, and (8) concomitant 
drug use (e.g., corticosteroids) (Table 6).

3.3 | Documentation of bone health

The literature supports the use of vitamin D measurement 
as a valid, cost- effective, and relatively simple method 
to evaluate a component of osteoporosis risk in PWE.54 
This biomarker is available in most countries, includ-
ing low- resource settings, where BMD may not be avail-
able. Some studies show that vitamin D supplementation 
increases serum vitamin D levels and increases BMD in 
the general population.55,56 However, other studies have 

T A B L E  2  Studies using serum levels of vitamin D as a parameter.

Reference Study group Study type Key results

2023 Mishra35 CWE (n = 36) RCT Vitamin D supplementation can reduce VPA- associated 

decrease in vitamin D levels; no SFR by vitamin D

2022 Alhaidari90 PWE (n = 524) Retrospective Vitamin D supplementation led to SFR

2021 Saket38 CWE (n = 60) Retrospective Lower vitamin D if ASM (no decrease in Ca nor P)

2021 

Likasitthananon37
PWE (n = 138) Retrospective Lower vitamin D levels related to (1) puberty status and (2) 

NEIASM

2020 Menninga36 AWE (n = 172) Retrospective Lower vitamin D if EIASM

2009 Kilpinen- Iosa91 Institutionalized AWE with ID Prospective Vitamin D supplementation led to correction of vitamin D 

status

2004 Ali92 AWE (n = 1) Retrospective Hypocalcemic seizures are rare though possible after 

long- term therapy with ASM for which vitamin D/Ca 

supplementation is necessary

1991 Collins93 PWE with low vitamin D:

Institutionalized (n = 17); non-  

institutionalized (n = 18)

Prospective Vitamin D supplementation (to 2400 IU/day for 

12–15 months) led to normal vitamin D levels in 78% of PWE

1979 Offerman94 CWE (n = 83)

AWE (n = 95)

Prospective Vitamin D supplementation (37.5 and 125 μg vitamin D3/

week) can be useful to avoid biochemical signs of vitamin D 

deficiency in PWE treated with ASM

Abbreviations: ASM, anti- seizure medication; AWEs, adults with epilepsy; Ca, calcium; CWE, children with epilepsy; EI, enzyme- inducing; ID, intellectual 

disability; IU, international unit; NEI, non–enzyme- inducing; P, phosphate; PWE, persons with epilepsy; RCT, randomized controlled trial; SFR, seizure 

frequency reduction; y, years.

T A B L E  3  Studies with bone mineral density as a parameter.

References Study group Study type Key results

2013 Lazzari95 PWE (n = 53)

(male veterans with ASM)

Prospective Vitamin D/Ca supplementation with or without risedronate 

improved BMD in more than 69% of male veterans with 

epilepsy who were taking ASMs. Group with risedronate: 

significant improvement of BMD at the lumbar spine and 

reduction of incidence of new (non)vertebral fractures

2006 Tekgul96 CWE (n = 56) Retrospective Vitamin D supplementation of 400 IU/day led to only 5% of 

patients with >2 years on ASM had BMD <1.5

2000 Jekovec97 Institutionalized CWE (n = 23) Prospective Vitamin D/Ca supplementation led to significant increase of 

lumbar spine BMD (mean 0.476 g/cm2), compared to a mean 

decrease (0.315 g/cm2) in untreated

1988 Fischer98 CWE (n = 11) Prospective Vitamin D supplementation (4000 IU for 6 m) led to a small 

significant increase (1.1%) in BMD, compared to baseline

Abbreviations: ASM, antiseizure medication; BMD, bone mineral density; CWE, children with epilepsy; d, days; IU, international units; m, months; PWE, 

persons with epilepsy.
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found that some patients who are vitamin D deficient 
do not necessarily show bone mineral loss,57,58 illustrat-
ing that the risk for osteoporosis is multifactorial. BMD, 
however, remains the gold standard to assess osteoporo-
sis. A recent overview paper by Andersen and Jørgensen43 
recommends that BMD should be considered for: (1) pa-
tients who have been treated with EIASMs for more than 
2 years; (2) patients with any type of ASM and one of the 
following: (a) high- dose of ASM (above the recommended 
daily dose; dose not specified); (b) ASM polytherapy (two 
or more ASMs); (c) comorbidities known to increase os-
teoporosis risk, such as ID, low levels of physical activity, 
concomitant medications known to induce bone loss (e.g., 
corticosteroids); or (3) one or more clinical risk factors 
for fractures (Table 6). In addition to these recommenda-
tions, we would like to emphasize that NEIASMs such as 
valproic acid have an equal association with low BMD 
(Table  1), for which we recommend BMD assessment. 
Moreover, the literature is scarce regarding standard BMD 
assessment in patients taking high- dose ASMs in general. 

However, for one specific ASM, topiramate, it has been 
published that higher doses (>200 mg) lead to CYP3A4 
induction59,60 and thereby potentially affect BMD via a vi-
tamin D–dependent mechanism.

If BMD or serum vitamin D are abnormal, an optimal, 
individualized treatment plan should be discussed with 
the patient which suggests not only vitamin D and cal-
cium supplementation but also the management of other 
risk factors (e.g., assessment of drug regimen, environ-
mental, and lifestyle changes) and adapting osteoprotec-
tive behavior (e.g., sunlight exposure and adequate dietary 
amounts of vitamin D/calcium).

3.4 | Prophylactic vitamin D and calcium 
supplementation in PWE

Several studies have focused on assessing the efficacy 
after vitamin D and calcium supplementation in in-
creasing bone health: for example, decreasing the risk 

T A B L E  4  Studies with serum vitamin D and bone mineral density as parameters.

References Study group Study type Key results

2022 Winterhalder99 PWE and ID (n = 104) Prospective Vitamin D deficiency is highly prevalent in PWE and ID treated 

with ASM; screening vitamin D, alkaline P, and BMD should be 

routinely considered

2021 Berkvens100 Institutionalized CWE 

with ID (n = 24)

Retrospective Vitamin D/Ca supplementation following Dutch guidelines did 

not prevent BMD- loss as 67% had low BMD and 42% had a history 

of at least one fracture

2018 Khalifah101 Protocol Protocol Protocol for RCT

2006 Mikati55 CWE (n = 78)

AWE (n = 72)

RCT Vitamin D supplementation had no effect in CWE, however, high- 

dose vitamin D substantially increased BMD at several skeletal 

sites in AWE

1979 Hahn102 Mildly severe ASM- 

induced osteomalacia 

(n = 6)

Prospective Vitamin D supplementation led to a moderate increase of BMD 

(5.6%), although not statistically significant

1975 Liakakos103 CWE (n = 32) Prospective Vitamin D supplementation led to a significant increase in bone 

biochemistry serum markers

1974 Silver104 CWE (n = 33) Prospective Vitamin D supplementation led to a significant decrease in 

alkaline P in treated group and to healing rickets in high- dose 

treatment group

Abbreviations: AWE, adults with epilepsy; alkaline P, alkaline phosphatase; ASM, antiseizure medication; ID, intellectual disability; PWE, persons with 

epilepsy.

T A B L E  5  Studies with fracture risk as a parameter.

Reference Study group Study type Key results

2021 Chandrasekaran39 PWE Retrospective Due to ASMs: 2.8- fold higher fracture risk in men and 1.8- fold higher 

fracture risk in women (independent of demographic, lifestyle, medical, 

and medication factors).

2013 Nicholas32 PWE Retrospective EIASMs may increase the risk of fracture in PWE

2011 Espinosa105 PWE (n = 8816) Retrospective Vitamin D/Ca supplementation had no effect on fracture risk

Abbreviations: ASM, antiseizure medication; EI, enzyme- inducing; PWE, persons with epilepsy.
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of osteoporosis and fractures, correcting vitamin D de-
ficiency, or increasing BMD (Tables  2–5). However, no 
definite conclusions can be drawn from these studies 
for several reasons, including inclusion of heterogenous, 
small groups with several confounding factors and ab-
sence of a control group. Furthermore, the doses of vita-
min D/calcium and the duration of treatment vary across 
studies. There are also other methodological limitations, 
for example, different assays to measure vitamin D and 
different seasons that can affect the outcome (circannual 
variation of serum vitamin D).61–63

A recent randomized controlled trial (RCT) in men ≥50 
and women ≥55 years of age, without epilepsy, failed to 
demonstrate any BMD improvement with 2- year supple-
mentation of vitamin D and calcium.64 Published system-
atic reviews and meta- analyses do not support the chronic 
use of vitamin D to decrease the risk of osteoporosis and 
fractures or to increase BMD.5,6,14–16 In summary, there is 
currently no robust evidence to support routine vitamin 
D and calcium supplementation in all PWE to prevent os-
teoporosis/fractures. Nonetheless, the presence of multi-
ple risk factors in certain subgroups of PWE (as outlined 

T A B L E  6  Subgroups within persons with epilepsy with increased risk for vitamin D deficiency/osteoporosis/fractures and strategies to 

monitor, detect, and prevent vitamin D deficiency/osteoporosis/fractures.

Subgroups within 

persons with epilepsy

Increased vitamin D deficiency/osteoporosis/fractures 

risk due to Strategies

(a) patients with ID and/

or physical disability and/

or DEE

Decreased mental capacity and low physical activity 1. Lifestyle: bone- healthya

2. Regular vit D measurements in 

blood

3. Supplementation: no international 

guidelines; vit D 400 IU/day or more 

is recommended for children up to 

1 year of age

4. Evaluation of BMD (DXA scan)b

(b) institutionalized 

patients

Decreased mental capacity and low physical activity

Direct and indirect side effects of ASM and/or sedative agents

More prone to falls

(c) patients during puberty Increased turnover of vit D by activation of the hypothalamic–

pituitary–gonadal axis that influences puberty progression and 

modulation

The natural growth of fat tissue in puberty reduces the 

availability of vit D

Elevated need for vit D due to increased bone accretion

1. Lifestyle: bone- healthya

2. Regular vit D measurements in 

blood

3. Supplementation: no international 

guidelines

(d) patients with early onset 

epilepsy

More likely to be treated by one or more (EI)ASM. More 

treatment years

1. Lifestyle: bone- healthya

2. Regular vit D measurements in 

blood

3. Supplementation: no international 

guidelines; vit D 400 IU/day or more 

is recommended

4. Evaluation of BMD (DXA scan)b

(e) postmenopausal women Comorbidity known to increase osteoporosis risk 1. Lifestyle: bone- healthya

2. Regular vit D measurements in 

blood

3. Supplementation: no international 

guidelines; vit D 400 IU/day or more 

is recommended

4. Evaluation of BMD (DXA scan)b

(f) use of EIASM

If treatment with EIASM 

is >2 years

1) Direct effect on bone cells (e.g., corticosteroids such as 

prednisolone >5 mg)

2) Increased vit D metabolism, e.g., by CYP induction (e.g., 

phenytoin, carbamazepine, oxcarbazepine, eslicarbazepine 

acetate, topiramate); via unidentified mechanism (valproic 

acid) (Table 1)

3) Endocrine disruptive effects

4) Hyponatremia

5) Neurological side effects of ASM can induce falls

(g) use of ASM

• Topiramate at high- dose 

(>200 mg/day)

• Multiple: 2 or more

(g) use of other drugs (e.g., 

corticosteroids)

Note: If the T- score is above −1.0 a DXA scan should be done every 5 years.

Abbreviations: ASM, anti- seizure medication; BMD, bone mineral density; CYP, cytochrome P450; d, days; DEE, developmental epileptic encephalopathy; 

DXA, dual- energy X- ray absorptiometry; EI, enzyme- inducing; ID, intellectual disability; IU, international unit; m, months; PWE, persons with epilepsy; Vit D, 

vitamin D.
aIntake of vitamin D and calcium rich products, sunlight exposure, exercise.
bIf osteoporosis (site- specific T- score below or equal to −2.5 SD) is diagnosed by DXA scan; evaluation and treatment initiation should be done by a 

rheumatologist or endocrinologist following guidelines on osteoporosis treatment. A DXA scan should then be performed every 2 years. If the T- score is 

between −1.0 and −2.5, a DXA scan should be done every 5 years.
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above) suggest that supplementation of vitamin D and 
calcium in these groups may be a reasonable preventative 
approach.

In the pediatric epilepsy population, children should 
receive the recommended daily intake (RDI) of vitamin 
D as part of their primary health care. The European 
Academy of Pediatrics (EAP) and American Academy of 
Pediatrics (AAP) guidelines recommend using 400 IU/day 
or more in children up to 1 year of age.3,4 For older chil-
dren, additional vitamin D supplementation is based on 
their risk of vitamin D deficiency.3,4

3.5 | Limitations

Inherent limitations of narrative reviews include 
timeframe, publication, and language bias. Other bi-
ases involve the completeness, selection criteria of the 
review, detection, quality of the literature, and inter-
pretation of findings.65,66 There are other lifestyle fac-
tors and comorbidities that were not covered by our 
review.67–70 For example: (1) diet (excessive intake of 
caffeine, sodium, and alcohol can negatively affect 
bone health); (2) tobacco use (association with in-
creased fracture risk and decreased bone density); (3) 
chronic inflammatory disorders (such as rheumatoid 
arthritis, diabetes, systemic lupus erythematosus); (4) 
system thyroid dysfunction, (5) chronic kidney dis-
ease; (6) malabsorption disorders (celiac disease and 
inflammatory bowel disease); and (7) cancer and some 
cancer treatments.

Furthermore, this review is limited to vitamin D and 
bone health. For example, animal studies have shown 
that vitamin D can raise seizure threshold.71–74 In addi-
tion, a few small preliminary studies in PWE have sug-
gested that vitamin D supplementation, especially in 
vitamin D–deficient PWE, may reduce seizures,75–77 but 
these small studies are inadequate to determine clinical 
utility.

4  |  CONCLUSIONS

1. PWE have a higher risk of vitamin D deficiency and, 
therefore, most likely are at a higher risk for osteo-
porosis and fractures.

2. There are higher risk groups within PWE who need 
closer follow- up.

3. Regular (e.g., yearly) vitamin D measurement in PWE 
is a cost- effective and practical method to monitor vi-
tamin D deficiency, whereas in high- risk patients, the 
combination of vitamin D measurement with BMD is 
recommended.

4. There is not enough evidence to advocate continuous 
vitamin D supplementation in all PWE. Children with 
epilepsy should receive the RDI of vitamin D for age 
and additional monitoring and supplementation if at 
higher risk of vitamin D deficiency.

5. There is a need for prospective trials to study the poten-
tial benefit of vitamin D and calcium supplementation 
in PWE.

We believe the findings from this narrative review high-
light the need for well- designed clinical trials, a prerequi-
site for future formal guideline development regarding the 
monitoring, prevention, and treatment of osteoporosis/
fractures in PWE. We have suggested a potential, prospec-
tive study design in the Table S3.
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