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Background: Epilepsy is a treatable disease, but unfortunately a treatment gap exists in epileptic

patients, especially in developing countries, due to adverse effects of antiepileptic drugs and

polymorphisms in genes. Carbamazepine is the most commonly used medication in epilepsy, but

is related to some serious and rare adverse effects. The aim of the studywas to investigate the effect

of folate metabolizing genes (MTHFR and DHFR) polymorphisms on different parameters of

complete blood count in patients who were treated with carbamazepine and valproic acid.

Materials and methods: Blood samples from 267 epileptic patients were collected on

consent and surrogate consent forms. The blood was analyzed for changes in different

parameters in complete blood count through a blood analyzer. The MTHFR gene was

genotyped using the RFLP method. The data were analyzed using GraphPad Prism 6.

Results: The homozygous mutant genotype (677CT) of the methylenetetrahydrofolate

reductase enzyme (MTHFR C677T) gene significantly affects the level of hemoglobin

(P=0.12), hematocrit (P=0.008) and mean corpuscular hemoglobin (P=0.01) compared to

the homozygous wild genotype (677CC) and heterozygous mutant genotype (677CT) of the

MTHFR (C677T) gene. However, the heterozygous genotype (1298AC) of MTHFR

(A1298C) gene affect the total leukocyte count (P=0.037) level significantly.

Conclusion: Changes in different parameters of complete blood count were statistically

significant but clinically insubstantial decreases in different parameters of complete blood

count indexes.

Keywords: AEDs, epilepsy, complete blood count, carbamazepine,MTHFR gene, DHFR gene

Introduction
Epilepsy is a disorder of the central nervous system characterized by recurrent episodes

of seizures. Epilepsy affects individuals without any discrimination, and is still not

explored explicitly.1 According to the World Health Organization (WHO) estimation,

epilepsy affects eight individuals per 1000 population throughout the world. The

prevalence of epilepsy is greater in developing countries than that of developed

countries.1,2 Proper management of epilepsy with suitable antiepileptic drugs can

restore seizure-free normal life in approximately 75% of the affected individuals.3

Various factors such as blood sampling timing and procedure, transport and storage of

blood sample, difference in subjects and prior physical activities affect hematological

values in individuals. Furthermore, inherent variables such as sex, age, occupation,

body fluid, genetic profile of patients, diet and environment are more problematic in

determination of the hematological level. For these reasons the concept of “normal
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values” and “normal ranges” has been replaced by reference

values and the reference range, which is defined by reference

limits and obtained from measurements on the reference

population for a particular test. The reference range is also

termed the reference interval.4 In this scientific advanced era,

some advancedmeasuring electronic counters assess cell size

and content effectively, and provide valuable information

about different categories of WBCs such as neutrophils,

lymphocytes, monocytes, eosinophils and basophils.

Furthermore, two other important variables of the complete

blood cell count (CBC) are hemoglobin (Hb) and hematocrit

(Hct) which provide equivalent information like the RBC

count that are used interchangeably.5 Parameters of CBC

include Hb (indicator of anemia or polycythemia), MCV

(used in classification of anemias), RBC distribution width

(useful in the differential diagnosis of anemia), RBC count

(high RBC count used to determine thalassemia trait), plate-

let count (thrombocytopenia or thrombocythemia) andWBC

count with differential (used in diagnosis of acute leukemia

and chronic lymphoid or myeloid disorders as well as for the

presence of leukopenia and neutropenia).6

Most AEDs are associated with different adverse

effects. For example, hematologic toxicity, hepatotoxicity,

skin disorders and psychological disorders are associated

with carbamazepine, lamotrigine, levetiracetam and other

AEDs.7 These adverse effects become more aggressive if

combined with some genetic mutations or polymorph-

isms in the genome of the human being.

There are more than 20 FDA-approved antiepileptic drugs

in the market. Carbamazepine and valproic acid are the best-

selling drugs in the world with affordable price that have

a good cost–benefit ratio.8 Although, carbamazepine and val-

proic acid are less expensive drugs, but still these drugs are

associated with various blood cell abnormalities and other

adverse drug reactions.9,10 Hematological abnormalities with

carbamazepine are reported at a rate of 1:38,000 to 1:10,800,

which are mentioned in various studies.11 Adverse effects of

carbamazepine are aplastic anemia,12 agranulocytosis,13

pancytopenia14 and thrombocytopenia.13 However, these

adverse effects of carbamazepine are very rare.14

Changes in hematological parameters are more

aggressive if there is some genetic variation and vari-

able drug response. Several polymorphisms of genes

encoding for enzymes acting in the remethylation path-

way of hmocysteine metabolism such as methylenetetra-

hydrofolate reductase (MTHFR) C677T have been

shown to cause hyperhomocysteinemia (Hhcy) particu-

larly in patients with deficiency of folate, vitamin B6

and vitamin B12.15 This variation in genes may also

cause some drastic changes in hematological

parameters.16 As genetic variation is mostly based on

ethnicity, and as we have been awarded a research pro-

ject related to epilepsy and its association with single

nucleotide polymorphisms with plasma level of carba-

mazepine and valproic acid, and subsequently its clin-

ical outcomes, the current work is one aspect of the

project to determine the possible effect of MTHFR,

gene polymorphisms and carbamazepine on the shift in

hematological profile of recipients in the population of

Khyber Pakhtunkhwa. The major parts of the body in

which DHFR is mainly expressed are the heart, liver,

brain and blood.17 DHFR and MTHFR gene polymorph-

isms are commonly associated with folate metabolism

and ultimately lead to affect different parameters

of CBC.

Since one of the aspects of our project was to know the

hematological profile of patients with epilepsy treated with

carbamazepine and valproic acid from a genetic perspec-

tive, the current work describes the hematological profile

shift in patients with epilepsy so far as the DHFR and

MTHFR genes are concerned.

Materials and Methods
Sample Size Calculation
The patient sample size (N=267) was calculated using the

WHO online sample size calculator at a 95% level with

a confidence interval of 0.06.18

Study Design and Duration
It was a hospital-based prospective cohort study on patients

with epilepsy was conducted in the Out Patient Department

(OPD) of Lady Reading Hospital (LRH), Peshawar. The

study was started in August 2014 and completed in

April 2016. Patients with epilepsy were followed up at

3-and 6-month intervals during their treatment.

Target Population
Newly diagnosed patients with epilepsy from Khyber

Pakhtunkhwa were included in the study. Patients who

were prescribed carbamazepine therapy were incorporated

in the study according to the scheme shown in Figure 1.

Ethical Principles of Research
Ethical Board approval was obtained from Khyber Medical

University, Peshawaraccording to Helsinki Declarations. The
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Ethics Board approved the study protocols via no. DIR/

KMU-EB/AC/000047 dated 04/07/2014. Patients who were

using carbamazepine provided written informed consent,

with parental written informed consent being provided for

patients under the age of 18 years with the patient's written

informed assent.

Inclusion Criteria
Newly diagnosed epileptic patients fromKhyber Pakhtunkhwa

to whom carbamazepine was prescribed as an antiepileptic

drug. More, patients who agreed to sign a consent form, an

assent form from patients and a surrogate assent form from the

guardian of those whose age was below 18 years or who were

using carbamazepine as a monotherapy.

Exclusion Criteria
Those patients excluded from the study had comorbidities

or refused to participate in the study.

Collection of Blood and Its Analysis
The blood samples were collected from epileptic patients in

3 mLK3 tubes containing EDTA (BD vacutainer, NJ, USA) at

baseline, after 3 months and 6 months. The collected blood in

an EDTA tube (BD vacutainer) was put on a blood roller

(Model TYMR-III Blood Roller Mixer, Jiangsu, China) for

about 1–2 mins to dissolve the clot in the tubes. After proper

mixing, complete blood count analysiswas performed using an

automated Hematology Analyzer Model Sysmex KX-21N™

(Asia Pacific Re. Ltd, Japan). About 4 µL of blood was auto-

matically sucked by the blood analyzer.

Polymerase Chain Reaction and Genotyping
Exons C677T and A1298C of the MTHFR gene were ampli-

fied according to standard protocol. The amplified product size

was assessed by running on 2% agarose gel against a 50 Pb

ladder. The amplified products were then subjected to restric-

tion enzymes (HinfI,MboII, ApoI and BasMI) for 3 hrs. After

proper digestion we ran the digested products on 2.5% agarose

gel and assessed the fragment size of respective exons against

a 50 Pb ladder and determined the frequency of genotypes of

respective exons of respective genes, as shown in Figure 2.

Statistical Analysis
The data were analyzed using statistical software Stata

version 12, GraphPad Prism version 5 and Microsoft

Excel 2010. The changes in different parameters in

Figure 1 Patients treated with carbamazepine as monotherapy or in combination with other antiepileptic drugs.
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complete blood count were determined by two-way

ANOVA followed by Bonferroni's post hoc test. Two-

way ANOVA was used to compare changes in different

parameters of complete blood count with respect to

gender and dose of carbamazepine and in different

variants of MTHFR genes. More, changes in different

hematological values were also evaluated with respect

to the different phases of the study.

Results
Characteristics of Epileptic Patients Using

Carbamazepine
The patients were evaluated in three phases (phase 1=79,

phase 2=68 and phase 3=58) on the basis of their follow up

during treatment. Hence, the characteristics of patients with

epilepsy are presented in Table 1. There were 38 (47.44%)

males and 41 (52.56%) females in phase 1, 32 (46.48%)

males and 35 (53.52%) females in phase 2, and 25

(43.55%) males and 33 (56.45%) females in phase 3 respec-

tively. The mean age of the patients was 18.24±0.39, 17.84

±0.97 and 18.08±1.10 in phase 1, phase 2 and phase 3. The

mean dose of carbamazepine was 451.28±15.45 mg/day in

phase 1, 453.52±16.39 mg/day in phase 2 and 454.83

±17.15 mg/day in phase 3 as shown in Table 1.

The Effect of Gender on Complete Blood

Count During Treatment of Epilepsy with

Carbamazepine
Changes in all parameters of complete blood count were

determined by gender and in three phases of study in

patients with epilepsy who were treated with carbamaze-

pine as monotherapy. Two-way ANOVA followed by

Bonferroni's post hoc test was used to compare the

changes in complete blood count in male and female

patients. More, changes were also compared from the

first phase to the second and third phases of the study.

Change in the level of Hb (P=0.04), HCT (P=0.03) and

MCH (P=0.02) was statistically significant but clinically

was non-significant. Their levels were affected by gender

as well as different phases of treatment. However, the

mean level of Hb was decreased during the last phases

of treatment as shown in Table 2. More, change in the

level of TLC (P=0.03) and platelets (P=0.02) was statisti-

cally significant during the second and third phases of the

study compared to the first phase of the study, but changes

were found within the reference ranges. More, changes in

the level of other parameters of complete blood count were

not significant in gender as well as during different phases

of study as shown in Table 2.

Table 1 Demographic Features of Epileptic Patients Using Carbamazepine

Group Gender Mean Age (Years) Mean Dose of Carbamazepine

Male Female

Phase 1 (n=79) 38 (47.44%) 41 (52.56%) 18.24±0.39 451.28±15.45 mg/day (200–800 mg/day)

Phase 2 (n=68) 32 (46.48%) 35 (53.52%) 17.84±0.97 453.52±16.39 mg/day (200–800 mg/day)

Phase 3 (n=58) 25 (43.55%) 33 (56.45%) 18.08±1.10 454.83±17.15 mg/day (200–800 mg/day)

A B

Figure 2 (A) C677Texon. 1c, 2c, 3c control undigested PCR products. 1, 50bp ladder, 2,3,5, 6 MTHFR (677CC), 4, MTHFR (677TT). (B) MTHFR A1298C exon. 50 pb, 1,3

MTHFR (1298AC), 2, 4 MTHFR (1298AA), 1c.2c.3c control undigested PCR products.
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The Effect of Different Doses of

Carbamazepine on Complete Blood

Count During Different Phases of Study
The effect of different doses of carbamazepine on the level

of all parameters of complete blood count was evaluated

by two-way ANOVA followed by Bonferroni's post hoc

test. The effect of different doses of carbamazepine on the

level of all parameters of complete blood count was

observed at different stages of study and compared, and

the changes are shown in Table 3. Change in the level of

Hb (P=0.002), HCT (P=0.035), MCV (P=0.025), MCH

(P=0.024) and TLC (P=0.002) was statistically significant

at a dose of 800 mg/day or more at a late stage of therapy

but clinically was non-significant as shown in Table 3.

More, changes in the remaining parameters of complete

blood count were not significant at different doses of

carbamazepine as well as at different stages of treatment

as shown in Table 3.

The Effect of the MTHFR Gene on All

Parameters of Complete Blood Count

During Treatment with Carbamazepine
The effect of two single nucleotide polymorphisms

rs1801133 (C677T) and rs180131 (A1298C) of the

MTHFR gene on all parameters of complete blood count

was assessed using two-way ANOVA followed by a post

hoc test as shown in Tables 4 and 5. The change in the level

of all parameters of complete blood count was compared

genotypically as well as phase wise during the study.

Change in level of Hb (P=0.12), HCT (P=0.008), and

MCH (P=0.01) was statistically significant in the homozy-

gous mutant genotype (TT) as compared to the homozygous

wild genotype (CC) and heterozygous mutant genotype

(CT) of the MTHFR (C677T) gene but the change was

within the reference ranges. More, the changes were also

becoming statistically significant with the passage of time.

Furthermore, changes in other parameters of complete

blood count were not significant in different genotypes of

the MTHFR (C677T) gene as well during the three phases

of study as shown in Table 4. However, changes in different

parameters of CBC in different genotypes of the MTHFR

(A1298C) gene were not significant during the study at

a late stage of therapy as shown in Table 5. Although, the

change in TLC (P=0.037) was statistically significant in the

heterozygous genotype (AC) of the MTHFR (A1298C)

exon at the third phase of treatment but the changes were

within the reference ranges as shown in Table 5.

Discussion
The mean age of patients was 18.24±0.39 years and the mean

dose of carbamazepine was 451.28±15.45 mg/day.

Carbamazepine was used in different doses (200–800 mg/

day) as monotherapy. Changes in levels of Hb, HCT and

MCH were significant in gender during the study and were

also affected by the duration of treatment but were not

clinically significant. Similarly, high doses of carbamazepine

affect the level of Hb, HCT, MCV, MCH and TLC, but

Table 2 Changes in the Level of All Parameters of Complete Blood Count in Gender During Different Phases of Study

Parameters Gender (n=79)

Male Female P value

(C)
1st Phase

(n=38)

2nd Phase

(n=32)

3rd Phase

(n=25)

1st Phase

(n=41)

2nd Phase

(n=35)

3rd Phase

(n=33)

Hb (g/dL) 13.58 12.43 12.15 13.19 11.95 11.03 0.04*

HCT (%) 45.27 43.66 42.92 44.71 43.89 42.82 0.03*

MCV (fl) 89.57 87.28 88.04 88.32 88.37 88.24 0.51

MCH (pg) 29.03 28.94 29.20 28.68 28.40 28.85 0.02*

MCHC (%) 34.22 34.28 34.18 34.16 33.87 33.90 0.55

TLC (cells/µL) 5139 5345 5238 4993 5046 4982 0.03*

Plts (cells/µL) 395,324 415,581 388,440 382,707 405,686 384,576 0.02*

Neutrophils (%) 61.35 59.65 59.96 59.46 60.31 59.67 0.81

Lymphocytes (%) 34.76 36.35 36.04 36.73 35.66 36.33 0.90

Monocytes (%) 2.24 1.710 1.920 1.95 1.972 2.061 0.56

Eosinophil (%) 1.83 2.031 2.172 2.23 2.031 1.893 0.99

Note: *Two-way ANOVA was used and it was found that the changes were significant at the last stage of therapy and change was higher in female compared to male patients

in the last stages of treatment.
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changes were associated with duration of treatment. Change

in the level of TLC and platelet was also associated with

duration of treatment but clinically unsubstantial. More,

change in the level of Hb, HCT and MCH were also statis-

tically significant in the homozygous variant of MTHFR

C677T exon and change in the level of TLC was associated

with the heterozygous variant (AC) and homozygous variant

(CC) of MTHFR A1298C exon at a late stage of therapy.

MTHFR has no direct effect on complete blood count, but

changes occurred with the passage of time as is mentioned in

the already existing literature. According to the previous

literature a slight decline in hemoglobin level is associated

with the use of carbamazepine.14 It has been found that

monotherapy of AEDs has no significant association with

the changes in Hb level and some other blood parameters.19

Studies are available showing that MTHFR gene polymorph-

isms can affect the vitamin B6 and folate, and ultimately

decrease the Hb level of the patient and lead to anemia.20,21

However, carbamazepine, valproic acid and other AEDs are

responsible for bone marrow suppression leading to blood

problem(s) like thrombocytopenia, leucopenia and aplastic

anemia via anti-folic activity.22 Bailey and Ayling's study

shows that patients using CBZ, VPA and other AEDs sig-

nificantly reduce their Plts count.23 The anti-folate properties

of carbamazepine result in a decrease of Hb level and an

increase in homocysteine level which affect some metabolic

pathways.24 Our finding shows some agreement with some

studies in relation to biochemical and hematological toxici-

ties with the use of CBZ and VPA,25–29 but also has

coincidence with some studies that AEDs have no significant

association or a less toxic effect on hematological

parameters.30,31 It has been found that our study results are

coinciding with the existing literature and no major

distractions were seen. The next part of the project is to

explore the role of the DHFR gene on hematological para-

meters and folate metabolism.

Conclusion
It has been found that changes in different hematological

parameters were statistically significant with the passage of

time in female patients. Furthermore, changes in different

parameters of complete blood count were also significant at

a high dose (≥800 mg/day) of carbamazepine in a late stage of

therapy. More, Hb, HCT, MCH and TLC levels significantly

change with respect to the MTHFR gene in the third phase of

the study. So, changes in some parameters of complete blood

count were statistically significant but clinically insubstantial,

and decreases in different parameters of complete blood count

indexes were observed during the study.

Abbreviations
AEDs, Antiepileptic drugs; CBZ, Carbamazepine; Hb,

Hemoglobin; TLC, Total leucocyte count; Plts, Platelets;

HCT, Hematocrit; MCV, Mean corpuscular volume; MCH,

Mean corpuscular hemoglobin; MCHC, Mean corpuscular

hemoglobin concentration; pg, Picograms; fl, Femtoliters;

MTHFR, Methylenetetrahydrofolate reductase enzyme;

DHFR, Dihydrofolate reductase.

Table 5 Effect of Genotypes of MTHFR (A1298C) Gene on Complete Blood Count

Parameters MTHFR A1298C (n=79)

AA AC CC P value

1st

Phase

(n=63)

2nd

Phase

(n=52)

3rd

Phase

(n=46)

1st

Phase

(n=10)

2nd

Phase

(n=9)

3rd

Phase

(n=8)

1st

Phase

(n=6)

2nd

Phase

(n=5)

3rd

Phase

(n=4)

Hb (g/dL) 13.3 13.06 13.11 13.29 12.94 12.49 13.15 12.72 11.88 0.07

HCT (%) 44.8 45.92 45.41 45.80 45.22 47.25 44.33 43.00 39.75 0.12

MCV (fl) 89.3 88.04 88.33 88.00 87.11 86.75 86.33 86.33 89.00 0.64

MCH (pg) 28.9 28.30 29.20 30.87 30.67 28.13 29.50 28.80 27.25 0.25

MCHC (%) 34.2 34.01 33.99 33.80 34.44 33.88 34.27 33.98 34.68 0.94

TLC (cells/µL) 5040 5152 5029 4990 5122 5313 5417 5660 5375 0.037*

Plts (cells/µL) 389,532 402,135 389,239 403,300 432,222 378,875 355,667 456,200 366,500 0.12

Neutrophils (%) 60.56 60.02 59.67 57.90 59.33 60.50 62.33 61.00 59.75 0.96

Lymphocytes (%) 35.58 35.96 36.33 38.30 36.67 35.50 33.83 35.00 36.25 0.98

Monocytes (%) 2.032 1.811 1.913 2.300 2.222 2.500 2.333 1.600 2.000 0.17

Eosinophil (%) 1.973 2.141 2.001 1.983 1.783 1.951 2.000 2.371 1.892 0.60

Note: *Two-way ANOVA was used followed by a post hoc test. Changes become significant with the passage of time.
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Recommendations
It is recommended that epileptic patients of different

cohorts should be followed for at least 5 years and

their complete blood count should be monitored at differ-

ent intervals of time. Patients should be focused on who

are on a high dose of carbamazepine and it is advisable to

genotype the MTHFR gene for possible variants.
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