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Abstract: Phenytoin monotherapy in patients with epilepsy affects calcium metabolism and bone turnover markers 

leading to hypovitaminosis D, hypocalcemia, reduced bone mineral density and its imminent consequences. This study 

was planned to assess how early these changes may arise and to find out their correlation with phenytoin levels. In this 

prospective study, bone mineral density (BMD), 25-hydroxy vitamin D, urinary hydroxyproline were estimated at 

baseline, 2 and 6 months after phenytoin monotherapy and serum phenytoin levels were measured at 2 and 6 months of 

therapy. At 6 months, BMD showed a decrease (T-score -1.22±1.049 to -1.412±1.055, p value <0.001) while vitamin D 

levels started decreasing as early as 2 months after therapy and decreased further after 6 months (32.93±6.38 ng/mL to 

31.46±5.99 ng/mL at 2 months and then to 29.96±5.94 ng/mL, p value <0.05 and <0.001 respectively). Urine 

hydroxyproline levels were 16.65±2.22 mg/day at diagnosis and increased to 16.97±2.25 mg/day after 2 months and to 

18.544±2.83 mg/day after 6 months (pvalue <0.001 at 6 months). Mean serum phenytoin levels at 2 months were 15.74 ± 

9.49 mg/L and while at 6 months these were observed to be 15.92  ± 5.54 mg/L. Urine hydroxyproline levels correlated 

positively with phenytoin levels (r-0.447, p value <0.05). Bone health derangement starts at around 2 months while at six 

months of phenytoin therapy, there is significant decline in bone health as indicated by status of markers like BMD and 

urine hydroxyproline. 

Keywords: Phenytoin monotherapy, Bone mineral density, 25 hydroxy vitamin D, urine hydroxyproline, Bone formation 

and resorption marker 

 

INTRODUCTION 

Epilepsy is a common neurological 

disorder, defined as two or more unprovoked seizures 

characterized by sudden, recurrent excessive electrical 

activity in brain. Incidence of epilepsy is 0.3-0.5% in 

different population throughout the world while 

prevalence has been estimated as 5-10 people per 1000 

population [1]. However in India, incidence has been 

estimated as 38-49.3 per 100,000 populations per year 

from two community based studies and prevalence 

stands at around 5 per thousand populations [2]. 

Epilepsy itself, in addition to antiepileptic drugs 

(AEDs) already has an increased propensity for 

increasing fracture risk by various mechanisms. Patients 

with epilepsy have 2-6 times greater risk of fracture 

than general population due to poor bone health [3].  

 

Chronic therapy with AEDs is quite well 

known to lead to reduction in bone mineral density and 

abnormalities in calcium metabolism causing 
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hypocalcemia, hypophosphatemia, elevated levels of 

serum alkaline phosphatase and parathyroid hormone, 

reduced levels of biologically active vitamin D 

metabolites and are generally associated with rickets 

and osteomalacia. These effects are more commonly 

seen in patients on therapy with hepatic enzyme 

inducers like phenytoin, carbamazepine, primidone and 

phenobarbitone which are thought to induce enzymes 

leading to inactivation or breakdown of vitamin D. 

However, the exact mechanism of poor bone health 

with antiepileptic drugs is still not clear [4]. Studies on 

treatment pattern revealed that 40% of pediatric 

neurologists and 28% of neurologists treating adult 

patients screen patients on AEDs for bone disease [5]. 

 

Phenytoin is the most commonly prescribed 

drug in our setup due to its cost-effectiveness, efficacy 

and easy availability [6, 7]. It has a moderately large 

volume of distribution and is approximately 90% bound 

to plasma proteins and is prone to competitive 

displacement. Due to its saturable pharmacokinetics, it 

has a narrow therapeutic index [8]. Treatment with 

phenytoin monotherapy in patients with epilepsy affects 

calcium metabolism and bone turnover leading to 

hypocalcemia, reduced bone mineral density and its 

imminent consequences [4].  

 

About 10% of body hydroxyproline is 

excreted in urine while 90% is catabolized in liver to 

urea and carbon dioxide. Hydroxyproline is found 

mainly in collagen and accounts for 13% of total 

aminoacids. However, hydroxyproline is not specific 

for collagen as it is present in other proteins as well and 

also, ingestion of meat or gelatin can also increase 

hydroxyproline excretion [9]. Urinary hydroxyproline 

level as a marker of resorption is known in patients 

suffering from osteoporosis and breast cancer [10]. It is 

not being done in routine now a day, but it has potential 

to be an easy, non-invasive marker which can reflect the 

bone activity [10, 11]. 

 

The physiology of each individual body is 

unique and serum levels of phenytoin are bound to 

affect its actions. Very few studies are there in literature 

to correlate the serum levels of phenytoin with vitamin 

D and other bone markers.  

 

Therefore, this study was planned to find 

out effect and correlation of serum phenytoin levels, if 

any, with vitamin D and bone turnover in patients with 

epilepsy. 

 

 

MATERIAL AND METHODS 

The present study included 25 newly 

diagnosed patients with epilepsy. The diagnosis was 

made according to the International League against 

Epilepsy classification 2010 and was based on thorough 

history taking and neurological examination along with 

electroencephalography and neuroimaging 

(computerised tomography or magnetic resonance 

imaging). Patients suffering from any other chronic 

disease (renal, hepatic, endocrinal, malignancy), on any 

drugs or supplements that may alter vitamin D and 

calcium levels were excluded from the study. Pregnant 

or lactating females and patients with other risk factors 

of hypovitaminosis like gastric or bowel resection, 

malabsorption were excluded. Phenytoin therapy was 

initiated in a standard dose of 300 mg/day. All the 

patients were ambulatory and had an age appropriate 

activity and adequate diet as assessed by history.  

 

Blood sample was collected from all 

patients at the time of diagnosis and after 2 and 6 

months of phenytoin therapy for measuring serum 25-

hydroxyvitamin D (25-(OH) D), serum phenytoin levels 

(at 2 and 6 months). All the patients underwent dual 

energy X-ray absorptiometry (DEXA) scan using 

Hologic Explorer QDR series (S/N 90797, Hologic Inc, 

Waltham, USA) at L1-L4 at baseline, 2 and 6 months of 

therapy. Bone mineral density was measured and T-

score (the difference in standard deviations between a 

given bone density and peak bone density in the normal 

reference population) and Z-score (age-adjusted T-

score) were calculated [12]. Estimation of phenytoin 

levels was done by high performance liquid 

chromatography on Chromsystems, Germany based on 

principle of reverse phase adsorption chromatography 

[13]. Twenty four hour collected urine samples were 

analyzed for hydroxyproline colorimetrically using 

modified Neuman and Logan method.14 Vitamin D was 

estimated by enzyme linked immunosorbent assay 

(ELISA) [15]. 

 

Patient’s samples were grouped into I, II 

and III where group I was analysis at baseline, II was 

analysis at 2 months after therapy and III was analysis 

after 6 months of therapy. 

 

The results were statistically analyzed 

using appropriate methods. 

 

RESULTS 

The mean age of the patients included in 

the study was 26.72±11.59 years (range 18-65years). 

The female/male ratio was 1:4, suggesting a male 
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preponderance in patients presenting with epilepsy to 

the outpatient department. Around 72% patients 

presented with partial seizures and one patient 

presented with neurocysticercosis. Majority of patients 

were students (44%) followed by farmers (28%), 

labourers (8%) and salesman and zamindar (4%) 

respectively. This suggests that outdoor activity and sun 

exposure was sufficient in these patients. Mean serum 

phenytoin levels in these patients at 2 months were 

15.74 ± 9.49 mg/L (range-3.8-40.2 mg/L) while at 6 

months were 15.92±5.54 mg/L (range-6.2-28.5 mg/L). 

This shows that majority of patients were in therapeutic 

range. At 2 months, 48% of the patients and at 6 months 

68% of patients were having phenytoin levels within the 

therapeutic range (10-20 mg/L). Around 24% were in 

toxic range at 2 and 6 months and the rest 28% at 2 

months and 8% at 6 months were in subtherapeutic 

range respectively. 

 

Table-1: Comparison of bone mineral density and levels of serum phenytoin, serum vitamin D and urine 

hydroxyproline in various groups 

Parameters   Group I Group II Group III P value 

Serum phenytoin 

(mg/L) 

Mean±SD 

(Range)  

 15.74  ± 9.49 

(3.8 - 40.2) 

15.92  ± 5.54 

(6.2 – 28.5) 

 

Vitamin D (ng/mL) Mean±SD 

(Range) 

32.93 ± 6.38 

(22.3 – 45.2) 

31.46 ± 5.99 

(22.1 – 41.5) 

29.96 ± 5.94 

(20.0 – 40.0) 

0.036* 

<0.001** 

BMD (T-score) Mean±SD 

(Range) 

-1.22 ± 1.049 

(-2.40 – 2.30) 

-1.256 ± 1.065 

(-3.00 – 2.20) 

-1.412±1.055 

(-3.00 – 1.90) 

<0.001** 

Urine hydroxyproline 

(mg/day) 

Mean±SD 

(Range) 

16.65 ± 2.22 

(12.0 – 20.0) 

16.97 ± 2.25 

(13.4 – 21.0) 

18.54± 2.83 

(13.6 – 23.6) 

<0.001** 

*significant p value between group I and II 

*significant p value between group I and III, Group II and III. 

 

A significant decrease was observed in 

vitamin D levels amongst these groups (Table 1). It was 

observed that a significant difference appeared within 2 

months of phenytoin therapy (p value 0.036), which 

further increased after 6 months of therapy (p value 

<0.001). 

 

Urine hydroxyproline levels were increased 

as shown (Table 1). The change was found to be highly 

significant even after 2 months of therapy which further 

increased after 6 months. It was observed that the 

significant change in BMD levels appeared between a 

time intervals of 2 to 6 months after therapy. Mean 

difference between group I and II was 0.036 ± 0.045 but 

it was not statistically significant. Major difference 

appeared after 2 months of phenytoin therapy which 

was shown by a mean difference of 0.156 ± 0.031 

between group I and III.  

 

 
Fig-1: Correlation between serum phenytoin levels and urine hydroxyproline levels at 6 months of therapy 
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According to world health organization 

(WHO) criteria, at baseline, 80% of the patients were 

osteopenic and 20% were normal. After 2 months of 

phenytoin therapy one patient developed osteoporosis 

and 2 more patients became osteopenic while after 6 

months of therapy one more patient became osteopenic 

and 2 more patients developed osteoporosis as 

compared to pretherapy status. There was no significant 

correlation between vitamin D levels and T-score for 

BMD as shown by Pearson’s Correlation Coefficient 

test (r=0.004, p value-0.983). Also, no correlation was 

observed of phenytoin levels with vitamin D (r=0.119, p 

value- 0.573) and BMD (r=0.213, p value- 0.360). 

However, a positive correlation of phenytoin was 

observed with urine hydroxyproline levels at 6 months 

after therapy (r=0.447, p value <0.05) which was 

statistically significant (Table 1, Fig. 1). 

 

DISCUSSION 

The results of this study clearly indicate 

that patients on phenytoin monotherapy are at a definite 

risk of osteomalacia and osteoporosis in later life. The 

parameters used in the study can help in predicting the 

future risk and can be used as novel screening markers 

in epilepsy patients. Both these markers i.e. DEXA scan 

for BMD and urine hydroxyproline are non-invasive, 

inexpensive and can be repeated without hassles and 

reflect metabolic activity and mineralization of the 

skeletal system.  

 

In present study, out of 25 patients 20 were 

males and 5 females. This difference in incidence 

among sexes has also been documented in earlier 

studies [16]. The females have been reported to a 

marginally lower incidence of epilepsy and unprovoked 

seizures than males. This difference is usually attributed 

to male's greater exposure to risk factors.17The 

difference in presentation can also be due to social 

stigma involved especially in low socioeconomic 

groups resulting in comparatively less number of 

females attending the outpatient department for 

management. This difference may also be due to 

skewness of the sex ratio towards males in population 

of Haryana [18]. In the present study 48% patients were 

in therapeutic range and 24% were in toxic range after 2 

months, while at 6 months 68% were in therapeutic 

range. This indicates that phenytoin level monitoring at 

a regular interval is an important tool to check the 

patient’s compliance for dose titration. It can also helps 

us to study the dose related adverse effects at the 

earliest. Long term repeated exposure to high serum 

concentration of phenytoin may predispose patients to 

irreversible neurotoxicity and may also exarcerbate 

seizures [19]. 

 

Patients with epilepsy can, however, have 

an increased propensity for insufficient state of vitamin 

D as they tend to live a sedentary lifestyle and their 

outdoor activity is minimum due to the social stigma 

attached to epilepsy [20]. The differences can also be 

explained on the basis of variations in seasons, diet and 

sun exposure. Our study showed a significant decrease 

in vitamin D levels at 2 and further at 6 months. Similar 

findings were observed by Krishnamoorthy et al. who 

conducted a research to find out the effect of 

supplementation of vitamin D and calcium in patients 

with epilepsy (on phenytoin or valproic acid 

monotherapy) on biochemical parameters of bone 

health for a period of 3 months [21]. Other researches 

also have documented the similar changes in vitamin D 

levels in patients on phenytoin or any other enzyme 

inducing AEDs [22-25]. However some studies 

reported no significant reduction in vitamin D levels 

with use of AEDs [26, 27]. It has been stated that the 

decrease in vitamin D levels with use of certain drugs 

such as phenytoin, carbamazepine and phenobarbitone 

could be due to vitamin D inactivation by induction of 

hepatic microsomal enzymes which increases the 

catabolism of 25-OHD by 25-hydroxylase production 

[22]. Another proposed mechanism is activation of 

mixed oxidase system leading to conversion of active 

vitamin D to a less active and non-polar form, thereby, 

enhancing the loss of vitamin D and gastrointestinal 

system [28]. Phenytoin has a direct effect on calcium 

metabolism as well, thus leading to hypocalcemia 

which leads to secondary hyperparathyroism that 

further can lead to inactive form of vitamin D (24,25-

(OH)2D) [4]. Various drugs can also act through 

pregnane X receptor which is expressed in 

gastrointestinal tract, kidneys and liver cells and 

resemble vitamin D. Thus, instead of vitamin D 

pregnane X receptor binds to vitamin D responsive 

element (VDRE) at deoxyribonucleic acid (DNA) and 

acting as transcription factor regulates the gene 

expression. This leads to upregulation of 24-

hydroxylases (CYP24) or an isoenzyme (CYP3A4 in 

liver and small intestine) and that further may lead to 

increased breakdown of 1,25(OH)2D and 25-(OH)D 

[20, 29]. However no significant correlation of 

phenytoin levels could be found with vitamin D and 

BMD in the present study. It might be because of small 

sample size. 

 

Studies on lifestyle of patients with 

epilepsy suggested that physical activity is limited in 
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them which may be due to the fear that it may provoke 

seizures or some mishappenings might occur. This 

decrease in mobility, outdoor activities, and weight 

bearing exercises increases the risk of osteoporosis.The 

decrease in mobility has been implicated as one of the 

risk factors for osteopenia and bone loss.30 The low 

BMD levels indicate that there is a greater risk of 

osteoporotic fractures in later life. Many other studies 

have demonstrated decrease in BMD levels in adults 

taking AEDs [25,31,32]. 

 

In a study by Farhat et al., duration of 

administration of AEDs has been reported to correlate 

inversely with BMD and the decrease was found to be 

prominent during the early phase of treatment 

suggesting that the disease, itself, or some associated 

factors may also be responsible for the above finding. 

But no significant correlation of BMD was found with 

vitamin D levels in this study though decrease in 

vitamin D levels and BMD was observed with increased 

duration of treatment [23]. 

 

An increase in levels of urine 

hydroxyproline in the present study was observed at 6 

months. Similar finding in urine hydroxyproline has 

been reported by in other studies [33, 34]. This effect 

may be explained on the basis of an imbalance between 

the bone formation and resorption phase which is 

inclined towards the osteoclastic phase. Another study 

by Pack et al. included cross linked N-telopeptide as a 

bone resorption marker in urine and found increased 

levels in patients treated with phenytoin but the change 

was not significant [35]. 

 

Thus, direct urinary assay of 

hydroxyproline to measure bone resorption may have 

clinical applications as part of screening programs to 

assess the risk of osteoporotic fractures. Urine 

hydroxyproline levels may prove to be a promising 

marker in these patients being non-invasive and simple 

procedure. Its levels were observed to correlate with the 

phenytoin levels in plasma at 6 months of therapy. No 

other conventional marker showed a correlation with 

phenytoin levels. So, urine hydroxyproline levels may 

prove to be a better marker for bone health in patients 

with epilepsy on phenytoin. 

 

Thus, assessment of vitamin D, BMD and 

urine hydroxyproline in epilepsy patients indicates an 

altered bone health status even before the initiation of 

phenytoin monotherapy. The levels of these bone health 

markers further deteriorated at 2 and 6 months of 

therapy with phenytoin but a significant correlation of 

serum phenytoin levels could only be established with 

urine hydroxyproline levels. 

 

CONCLUSION 

Therefore, it is concluded that bone health 

is already compromised in epilepsy patients and it may 

be worsened by phenytoin therapy. These findings may 

call for selection of newer drugs for treatment which are 

less deleterious to bone health. Further the study also 

indicates towards use of BMD and urine 

hydroxyproline as economical, non-invasive and simple 

screening bone markers in epilepsy patients though 

further studies with larger sample groups are needed to 

support these findings. 
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