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ABSTRACT
Objective: To compare cardiovascular risk factors in patients 
with epilepsy with those of non-epileptic neurologic patients to 
determine their association with antiepileptic drug therapy.

Methods: This observational study with a cross-sectional design 
was performed in a tertiary care hospital in the Eastern Province 
of Saudi Arabia from January to December 2018. A total of 110 
patients with epilepsy were included in the study, along with 46 
age- and sex-matched non-epileptic controls (approximate ratio of 
2:1). Blood pressure reading (BP), anthropometric measurements, 
fasting blood sugar levels, and fasting lipid profiles were 
performed for all subjects.

Results: Raised non–high-density lipid cholesterol (nHDLC) was 
the most common cardiovascular risk in epileptic patients, with 
a frequency of 51% compared to 30.4% in controls (P = .019). 
Epileptic patients who were male (58.3%, 28/48, P = .012) and 
those aged < 35 years (47.3%, 26/55, P = .036) were more likely to 
have high nHDLC. Obesity was also common in epileptic patients 
with frequency of 49.1% (n = 54) versus 30.4% (n = 14) in controls 
(P = .032). Metabolic syndrome was present in 26.3% of epileptic 
patients versus 23.9% of controls (P = .749). Among the epileptic 
patients, of those with high nHDLC, 85.7% had satisfactory seizure 
control (P = .019).

Conclusions: Raised nHDLC and obesity but not metabolic 
syndrome appear to be highly prevalent in epileptic patients 
compared to those without epilepsy. Antiepileptic drugs alone 
may not play a role in developing high lipid levels. More studies 
are needed to determine the causes of higher risk factor profile in 
epileptic patients and their relationship with seizure control.
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Cardiovascular risk factors, particularly metabolic 
syndrome, obesity, and lipid abnormalities, have 

been reported to be common among epileptic patients.1,2 
These risk factors, however, are prevalent in the general 
population as well.3,4 Furthermore vascular risk factor 
profiles, especially that of metabolic syndrome, may vary in 
different geographic areas and among races within the same 
country.5 Therefore, evidence to prove a higher prevalence 
of vascular risk factors among epileptic patients is credible 
when there is a simultaneous control population from the 
same geographic area.

Metabolic syndrome is a term used when a few specific 
interrelated cardiovascular risk factors cluster in an individual 
that results in a 2-fold increased risk of cardiovascular 
disease.6 We tested the hypothesis that vascular risk 
factors may be more common in patients with epilepsy by 
comparing them with age- and sex-matched non-epileptic 
controls, all of whom (epileptics and controls) were residing 
in the Eastern Province of Saudi Arabia. The risk factors 
that we tested were metabolic syndrome, obesity (high body 
mass index [BMI]), and non–high-density lipid cholesterol 
(nHDLC), which is considered a more reliable evaluation 
for blood cholesterol to determine cardiovascular risk.7,8 It 
includes all the cholesterol types that are atherogenic, in a 
lipoprotein particle, which are low-density lipoprotein (LDL), 
intermediate-density lipoprotein, and very low-density 
lipoprotein. We also evaluated metabolic syndrome, obesity, 
and nHDLC in a secondary analysis that involved epileptic 
patients only to determine their clinical associations.

METHODS

This was an observational study with a cross-sectional 
design. The data were collected prospectively. After applying 
inclusion and exclusion criteria, 110 epileptic patients and 
46 non-epileptic controls were recruited for the study. The 
patient recruitment and data collection were carried out in 
the Department of Neurology outpatient clinics at the study 
center from January to December 2018. The study center is 
a tertiary care university hospital in the Eastern Province of 
Saudi Arabia. The research was started after ethical approval 
from the institutional review board. A predesigned informed 
consent form in both Arabic and English was used as per the 
guidelines of the study center. The research was explained 
to the subjects, and they were recruited if they agreed to 
participate by signing the consent form.
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Clinical Points
■■ High non–high-density lipid cholesterol (nHDLC; 

dyslipidemia) and obesity are prevalent in epileptic 
patients; younger and male epileptic patients are more 
likely to have high nHDLC levels.

■■ Dyslipidemia as well as obesity earlier in life, if not identified 
and corrected, may raise the likelihood of cardiovascular 
morbidity due to long-standing effects on metabolism, 
increasing atherosclerosis of blood vessels.

■■ Among the several possible causes for dyslipidemia and 
obesity in epilepsy, lack of exercise, behavioral problems, 
and medications are the main factors to be addressed.

Sampling Criteria 
Consecutive patients visiting epilepsy and general 

neurology clinics as scheduled appointments were evaluated 
for possible recruitment. The inclusion criteria for both 
epileptic and control patients were (1) age ≥ 20 years, (2) 
resident of the Eastern Province of Saudi Arabia for at least 
the last 3 years, (3) able to stand upright for anthropometric 
measurements, (4) signed the informed consent form, and 
(5) visited the hospital outpatient laboratory within 7 days 
of signing the consent form after 8 to 10 hours of fasting 
to submit their blood samples for relevant investigations. 
Additional inclusion criteria for epileptic patients were 
a diagnosis of epilepsy for at least 1 year and receiving 
antiepileptic drug (AED) therapy for at least the same 
duration (1 year). Controls were age- and sex-matched to 
the epileptic patients participating in the study. They were 
recruited according to a ratio of 1:2 (there was 1 control for 
every 2 epileptic patients) within 6 months of recruitment of 
epilepsy patients. Pregnant patients were excluded from the 
study. Additional exclusion criteria for epileptic patients were 
those who were noncompliant with the therapy, considered 
as such by the treating physician, and those with inadequate 
therapy (underdosed or subtherapeutic AED levels). Control 
subjects were excluded if they had a personal or family 
history of epilepsy or were using AEDs for non-epileptic 
conditions.

Procedure
Body height, weight, and abdominal circumference were 

measured in the outpatient clinic by trained nursing staff. 
Weight and height were measured while subjects stood on 
a stationary stadiometer with a built-in digital weighing 
scale (Marsden M-100 column scale) after taking off their 
shoes and not holding any heavy objects. Blood pressure 
was measured while in the sitting position at least 5 minutes 
after the subjects entered the clinic using a digital blood 
pressure monitor (Omron 907). Abdominal circumference 
was measured using an inelastic, flexible tape that was 
held snugly at a point halfway between the iliac crest and 
the lowest palpable rib on either side as the subjects stood 
comfortably with their arms to their side.

The study was carried out in the outpatient department of 
the study center with a paperless management system, and 

all the patient information is directly stored in the electronic 
health records. Other relevant details about the included 
subjects were thus extracted from electronic health records. 
The study investigators also interviewed the subjects in case 
any relevant information was missing from their records. 
All the necessary data were finally entered in a predesigned 
proforma, then used for data analysis.

Operational Definitions
Patients were identified as having metabolic syndrome 

according to Adult Treatment Panel III criteria,9 
which requires the presence of any 3 of the following 5 
cardiovascular risk factors: (1) elevated blood pressure 
(hypertension): ≥130/85 mm Hg (or drug treatment of 
hypertension); (2) elevated fasting triglycerides: ≥ 150 
mg/dL (or drug treatment for elevated triglycerides); (3) 
reduced high HDL: < 40 mg/dL for males and < 50 mg/dL 
for females; (4) elevated fasting blood sugar: ≥ 100 mg/dL 
(or on drug treatment for elevated blood glucose); and (5) 
increased waist circumference/obesity: for men ≥ 92 cm, 
for women ≥ 87 cm. Note that the cutoff values used for 
identifying increased waist circumference in the context of 
metabolic syndrome diagnosis were validated for the Saudi 
population.10 nHDLC was considered high when its level 
was more than 130 mg/dL. The nHDLC was calculated by 
subtracting HDL cholesterol from total cholesterol. BMI was 
calculated by dividing the weight in kilograms by the square 
of height in meters. Obesity when evaluated separately from 
metabolic syndrome was defined as BMI ≥ 30 kg/m2.

Epilepsy was defined according to the International 
League Against Epilepsy11 practical definition with at least 
1 year of duration from the onset of seizures. Satisfactory 
seizure control was considered when the patients being 
treated for epilepsy had more than 50% reduction in seizure 
frequency pre- and post-intervention. Unsatisfactory seizure 
control was considered for patients who were treated for 
epilepsy and received well-tolerated, appropriately chosen 
AED schedules (as monotherapies or in combination) yet did 
not achieve more than 50% reduction of seizure frequency 
pre- and post-intervention. This included drug-refractory 
cases, which were those patients who could not achieve 
sustained seizure freedom despite receiving at least 2 AED 
schedules.12

Statistical Analysis
Values of categorical variables were taken as proportions 

and percentages and were compared by using Pearson χ2 and 
Fisher exact test. Mean values were taken for continuous 
variables and compared by using independent sample T 
test. The sample was also analyzed after stratification of data 
by sex and age, with age 35 years used as the cutoff value 
in the latter case. P values < .05 were considered significant. 
For multivariate analysis, a binary regression analysis model 
was used to estimate odds ratios and corresponding 95% 
confidence intervals of variables found statistically significant 
on univariate analysis. All the data were entered and analyzed 
by SPSS version 21.0 (SPSS Inc, IBM, Armonk, New York).
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Table 1. Baseline Characteristics of the Study Participants

Characteristic
Epileptic Patients 

(n = 110)

Non-Epileptic 
Controls 
(n = 46)

Age, y
Mean 37.5 37.0
Median 34.5 34.0
Minimum–maximum range 20–78 20–78
Sex, n (%)
Male 48 (43.6) 20 (43.5)
Female 62 (56.4) 26 (56.5)
Age distribution by sex, n
Male

Mean 38.7 39.0
Median 34.5 35.5
Minimum–maximum range 20–78 20–78

Female
Mean 36.6 35.5
Median 33.5 34.0
Minimum–maximum range 20–60 22–66

Risk factor profiles in males, na

Obesity 20 5
High nHDLC 28 5
Metabolic syndrome 14 7
Risk factor profiles in aged ≥ 35 y,  nb

Obesity 32 9
High nHDLC 30 9
Metabolic syndrome 23c 9c

aEpileptic patients: n = 48, non-epileptic controls: n = 20.
bEpileptic patients: n = 55, non-epileptic controls: n = 23.
cSignificant when compared with those aged < 35 years of respective group.
Abbreviation: nHDLC = non–high-density lipid cholesterol.

RESULTS

Patient Characteristics 
We recruited 110 epileptic patients and 46 age- and sex-

matched non-epileptic controls after applying the inclusion 
and exclusion criteria. Table 1 shows the demographic 
characteristics of both epileptic patients and non-epileptic 
controls. The median age of epileptic patients and controls 
were 34.5 and 34.0 years, respectively, with a range (the 
minimum–maximum ages) in both groups of 20–78 years. 
Males comprised 43.6% of the epileptic patient group and 
43.5% of the non-epileptic control group.

Univariate Analysis
High nHDLC and obesity (high BMI) were significantly 

higher in epileptic patients compared to controls. High 
nHDLC was present in 50.9% (n = 56) of epileptic patients 
and 30.4% (n = 14) of controls (P = .019). Obesity (based 
on BMI) was found in 49.1% (n = 54) of epileptic patients 
and 30.4% (n = 14) of control subjects (P = .032). Metabolic 
syndrome, on the other hand, was found in 26.3% (n = 29) 
of epileptic patients and 23.9% (n = 11) of non-epileptic 
controls. This difference was not significant (P = .749). 
Regarding mean values of continuous variables, BMI, 
abdominal circumference, total cholesterol, LDL cholesterol, 
and nHDLC were significantly higher in epileptic patients 
compared to controls (Table 2).

Patients with metabolic syndrome. In the total sample 
(ie, both epileptic and non-epileptic patients), metabolic 
syndrome had a significantly higher frequency in older 
patients (aged ≥ 35 years age groups). There was no significant 
difference in the proportions of components of metabolic 
syndrome when epileptic and non-epileptic patients with 
metabolic syndrome were compared.

Analysis of Subgroups Based on Age
In the age-stratified analysis, epileptic patients aged 

< 35 years were found to have a statistically significant 
frequency of high nHDLC, which was found in 26 of 55 
(47.3%) epileptic patients, compared to 5 of 23 (21.7%) 
age-matched controls (P = .036). There were no significant 
differences in the prevalence of other risk factors in the same 
age group. Furthermore, in patients aged ≥ 35 years, none 
of the evaluated risk factors, including metabolic syndrome, 
obesity, and high nHDLC, showed any significant differences.

Analysis of Subgroups Based on Sex
The sex-based stratified univariate analysis showed 

that high nHDLC was significantly more frequent in male 
epileptic patients compared to their sex-matched controls. 
Among male epileptic patients, the prevalence of high 
nHDLC was 58.3% (28/48) compared to 25% (5/20) in non-
epileptic males (P = .012). Obesity, on the other hand, was not 
significantly different in frequency among males, with 20 of 
48 (41.7%) epileptic patients versus 5 of 20 (21.5%) controls 
(P = .194) being obese. There were 14 of 48 male patients 
with metabolic syndrome compared to 7 of 20 non-epileptic 

controls (P = .635). There were no statistically significant 
differences in frequencies of high nHDLC, obesity, and 
metabolic syndrome between female epileptic patients and 
controls.

Interrelationships of risk factors in epileptic patients. 
Among the epileptic patients, obesity was strongly associated 
with high nHDLC (63%, 34/54, P =.003) and metabolic 
syndrome (35.2%, 19/54, P < .001). However, there was no 
significant association between high nHDLC and metabolic 
syndrome (Table 3).

Multivariate analysis. A multivariate analysis of 
categorical variables, by using a binary logistic regression 
model, found that high nHDLC was more significantly 
associated with epileptic patients (significant: P = .038, odds 
ratio [OR] = 2.190, 95% CI, 1.04–4.6) compared to obesity 
(significant: P = .064, OR = 2.017, 95% CI, 0.96–4.24).

Relationships between risk factors and other characteristics 
in epileptic patients. There was no association of obesity 
with any type of therapy or etiology of epilepsy. Most of the 
epileptic patients with high nHDLC had satisfactory seizure 
control (85.7%, 48/56, P = .019). However, there was no 
association of high nHDLC with any AED therapy. None of 
the etiologies of epilepsy were associated with high nHDLC 
among epileptic patients (Table 3).

There were 29 epileptic patients with metabolic syndrome, 
with significant associations with older age (aged ≥ 35 years, 
23/29, P < .001), obesity (19/29, P = .039), and post-stroke 
epilepsy (6/29, P = .010). However, no significant association 
was found between epilepsy therapy and metabolic syndrome.
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DISCUSSION

The key finding of our study is that the epileptic patients, 
irrespective of the epilepsy etiology and AED therapy, had 
a higher prevalence of raised nHDLC compared to non-
epileptic controls. Epileptic patients with younger age and 
male sex were more likely to have high nHDLC. Obesity 
was also common in patients with epilepsy, especially in 
those who had high nHDLC or metabolic syndrome. The 
association of abnormal lipid profile and obesity in epileptic 
patients has not been convincingly established in the 
published literature. In a population-based study, Mintzer 
et al13 found a higher prevalence of hyperlipidemia in male 
adults with epilepsy compared to the general population. 
This was a database and prescription-based study,13 in which 
serum lipids were not measured for all the patients. Arya 
et al14 found a higher prevalence of obesity in adolescent 
patients newly diagnosed with childhood (onset) absence 

epilepsy. Janousek et al,15 however, did not find adult 
epileptic patients to be more obese compared to the general 
population. In both studies,14,15 there was a lack of direct 
comparison with the control population, and historical 
controls were used instead. Another study16 suggested an 
association of obesity with idiopathic generalized epilepsy 
and family history of epilepsy; however, it also lacked a 
comparison with non-epileptic controls.

We evaluated nHDLC, as it has shown to be a better 
marker of cardiovascular risk. Very few studies have 
measured nHDLC in epileptic patients. In a large number 
of epileptic patients, Yamamoto et al17 found a high level 
of nHDLC, especially in those taking carbamazepine and 
valproic acid. This study17 also lacked nHDLC levels in 
non-epileptic subjects for comparison. Our study also 
showed a significantly higher proportion of abnormally 
elevated nHDLC in younger epileptic patients compared 
to non-epileptic controls in the same age group. Elevated 

Table 2. Comparison of Vascular Risk Factors Between Epileptic and (age- 
and sex-matched) Non-Epileptic Controlsa

Epileptic 
Patients 
(n = 110)

Non-Epileptic 
Controls
(n = 46) P Value

Vascular risk factors
Obesity 54 (49.1) 14 (30.4) .032
High nHDLC 56 (51.0) 14 (30.4) .019
Metabolic syndrome 29 (26.3) 11 (23.9) .749

�Low HDL 16 (55.0) 5 (45.5) .583
�Hypertriglyceridemia 18 (62.0) 4 (36.3) .135
Hypertension 20 (69.0) 7 (63.6) .514
Diabetes 14 (48.3) 6 (54.5) .500
High waist circumference 28 (96.5) 9 (81.8) .178

Mean values
Weight 78.0 (19.8) 72.9 (17.0) .133 [95% CI, −1.6–11.6]
BMI 30.7 (7.5) 27.0 (5.6) .003 [95% CI, 1.3–6.1]
Abdominal circumference 97.3 (17.2) 88.9 (13.4) .004 [95% CI, 2.8–14.0]
HDL 62.3 (26.2) 56.8 (15.0) .098 [95% CI, −1.0–12.1]
Triglycerides 107.5 (83.1) 95.0 (66.7) .368 [95% CI, −14.8–39.8]
Total cholesterol 195.0 (40.1) 172.3 (44.7) .002 [95% CI, 8.3–37.0]
LDL cholesterol 116.0 (33.5) 97.8 (33.3) .002 [95% CI, 6.6–29.8]
nHDLC 135.4 (38.9) 115.5 (39.0) .005 [95% CI, 6.3–33.5]
Risk factor comparison in malesb

Obesity 20 (41.7) 5 (25.0) .194
High nHDLC 28 (58.3) 5 (25.0) .012
Metabolic syndrome 14 (29.2) 7 (35.0) .635
Risk factor comparison in femalesc

Obesity 34 (54.8) 9 (34.6) .083
High nHDLC 28 (45.2) 9 (34.6) .361
Metabolic syndrome 15 (22.5) 4 (15.4) .360
Risk factor comparison in age < 35 yd

Obesity 22 (40.0) 5 (21.7) .122
High nHDLC 26 (47.3) 5 (21.7) .036
Metabolic syndrome 6 (11.0) 2 (8.7) .564
Risk factor comparison in age ≥ 35 yd

Obesity 32 (58.2) 9 (39.1) .124
High nHDLC 30 (54.5) 9 (39.1) .214
Metabolic syndrome 23 (41.8) 9 (39.1) .826
aValues are presented as n (%).
bEpileptic patients: n = 48, non-epileptic controls: n = 20.
cEpileptic patients: n = 62, non-epileptic controls: n = 26.
dEpileptic patients: n = 55, non-epileptic controls: n = 23.
Abbreviations: BMI = body mass index, HDL = high-density lipoprotein, LDL = low-density 

lipoprotein, nHDLC = non–high-density lipid cholesterol.
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Table 3. Secondary Analysis: Associations of Obesity, High 
nHDLC, and Metabolic Syndrome Among Epileptic Patients 
Only

Obesity 
(n = 54)

High 
nHDLC 
(n = 56)

Metabolic 
Syndrome 

(n = 29)

Patient characteristic, n

Male 20 28 14
Aged ≥ 35 y 32 30 23a

Vascular risk factors, n
Obesity … 34b 19a

High nHDLC 34c … 18
Metabolic syndrome 19c 18 …
AED therapy, n
Carbamazepine therapy 28 28 14
Valproate therapy 15 17 7
Levetiracetam therapy 22 25 12
Enzyme inducers 34 32 17
Non-enzyme inducers 37 40 18
Satisfactory schizophrenia control 42 48b 23
Epilepsy etiology, n
Unknown etiologyd 25 23 10
Traumatic brain injury 5 9 2
Idiopathic generalized epilepsy 6 5 4
Stroke 5 3 6a

Hypoxic-ischemic encephalopathy 5 5 0
Cortical malformations 1 0 0
Mesial temporal sclerosis7 2 4 3
Other12 5 7 4
aSignificant when compared with epileptic patients without metabolic 

syndrome. 
bSignificant when compared with epileptic patients who did not have high 

nHDLC.  
cSignificant when compared with non-obese epileptic patients.
dN = 49. 
Abbreviations: AED = antiepileptic drug, nHDLC = non–high-density lipid 

cholesterol.

nHDLC along with obesity earlier in life, if not identified 
and corrected, may increase the likelihood of cardiovascular 
morbidity due to long-standing effects on body metabolism, 
thereby increasing atherosclerosis of blood vessels. This 
might explain the higher cardiac comorbidity in epileptic 
patients as shown by Zack and Luncheon18 in a large 
population-based study. Metabolic syndrome per se had a 
similar prevalence in epileptic patients and non-epileptic 
controls. However, given the higher prevalence of obesity 
and abnormally high nHDLC levels, higher cardiovascular 
risk in epileptic patients is still a concern.

Our secondary analysis, which involved only epileptic 
patients, showed that obesity was significantly associated 
with high nHDLC levels and metabolic syndrome. In our 
study, metabolic syndrome among epileptic patients was 
mostly found in older and obese people, but not in those with 
high nHDLC. Metabolic syndrome was also significantly 
associated with post-stroke epilepsy. This association, to 
the best of our knowledge, has not been shown in previous 
studies; hence, we recommend more observational studies 
in this context to confirm or refute this finding.

Interestingly high nHDLC was significantly associated 
with satisfactory seizure control in our patients. Satisfactory 
seizure control with obesity was shown previously by Arya 
et al14; however, serum lipids (that correlate with obesity) 

were not measured in that study. Hyperlipidemic effects of 
the ketogenic diet, which has a well-documented seizure-
suppressing effect, have also been documented by Cervenka 
et al.19 However, the effects of hyperlipidemia on seizure 
control needs to be explored further by more studies with 
more precise case definitions of seizure control.

Metabolic syndrome, dyslipidemia, and obesity can 
also result from AED use (especially with carbamazepine 
and valproate). However, this association has not been 
consistently shown in the literature. Moses et al20 could not 
find a relationship between raised BMI or altered blood 
lipids in epileptic patients with intellectual disabilities 
treated with valproate. Our study also could not show an 
association of nHDLC levels, obesity, or metabolic syndrome 
with the tested AEDs (carbamazepine, levetiracetam, and 
valproic acid). When AEDs were grouped according to their 
mechanism of action (ie, enzyme-inducing vs non-inducing 
AEDs), we found no significant results when comparing the 
risk factors in these groups. This lack of association could 
be due to a smaller sample size that may have resulted in 
insufficient power.

Cardiovascular risk factors including obesity and 
dyslipidemia are also related to the individual’s lifestyle and 
physical activity.21 The Saudi population, in general, has a 
low level of physical activity as well, which may be a factor 
contributing to high levels of obesity.22 Hence, it seems 
more likely that many factors may play a role in determining 
the metabolic status and body weight of epileptic patients. 
Therefore, management of obesity and dyslipidemia should 
be individualized according to the patients’ characteristics. 
A deeper understanding is required to ascertain the reasons 
for abnormal blood lipids and obesity. Perhaps a lack of 
physical activity or inappropriate dietary habits may play 
an essential role in some obese and hyperlipidemic epileptic 
patients. In that case, psychoeducation (with emphasis on 
physical exercises) or professional advice on weight loss 
strategies may be employed before trying an unfruitful 
or potentially dangerous switch of AEDs that otherwise 
control the seizures.

One of the limitations of our study is that it was carried 
out at a tertiary care center with a comparison group from a 
general neurology outpatient clinic; thus, our study subjects 
were a selected population, which may have resulted in a 
selection bias. Furthermore, since we do not have the 
baseline vascular risk factor profile of epileptic patients 
before the onset of epilepsy, we cannot make any causal 
associations from our findings.

CONCLUSION

High nHDLC and obesity are more frequent among 
epileptic patients, while those of younger age and male sex 
seem to have a high predisposition to have raised nHDLC. 
AEDs alone may not play a role in the development of high 
lipid levels, obesity, or metabolic syndrome among epileptic 
patients, and other contributing factors should also be 
identified in epileptic individuals.
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