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Abstract
Background and Objectives
Modified Atkins diet (MAD) has emerged as an adjuvant therapy in drug-resistant epilepsy
(DRE). Most studies are in children; there is limited evidence for DRE in adults. This study
aimed to investigate whether MAD along with standard drug therapy (SDT) was indeed more
effective than SDT alone in reducing seizure frequency and improving psychological outcomes
at 6 months in adolescents and adults with DRE (nonsurgical).

Methods
A prospective randomized controlled trial was conducted at tertiary care referral center in India.
Persons with DRE aged 10–55 years attending outpatient epilepsy clinics between August 2015
and April 2019, who had more than 2 seizures per month despite using at least 3 appropriate
antiseizure medications (ASMs) at their maximum tolerated doses and had not been on any
form of diet therapy for the past 1 year, were enrolled. Patients were assessed for the eligibility
and randomly assigned to receive SDT plus MAD (intervention arm) or SDT alone (control
arm). The primary outcome was >50% reduction in seizure frequency, and the secondary
outcomes were quality of life (QOL), behavior, adverse events, and rate of withdrawal at
6 months. Intention-to-treat analysis was performed.

Results
A total of 243 patients were screened for eligibility; 160 patients (80 adults and 80 adolescents)
were randomized to either the intervention or control arm. Demographic and clinical char-
acteristics in both groups were comparable at baseline. At 6 months, >50% seizure reduction
was seen in 26.2% in the intervention group vs 2.5% in the control group (95% CI 13.5–33.9;
p < 0.001). Improvement in QOLwas 52.1 ± 17.6 in the intervention group vs 42.5 ± 16.4 in the
control group (mean difference, 9.6; 95% CI 4.3 to 14.9, p < 0.001). However, behavior scores
could be performed in 49 patients, and improvement was seen in the intervention vs control
group (65.6 ± 7.9 vs 71.4 ± 8.1, p = 0.015) at the end of the study. One patient had weight loss;
2 patients had diarrhea.

Discussion
TheMAD group demonstrated improvement in all aspects (reduction in seizure frequency and
behavioral problems) compared with the control group at the end of the study. MAD is an
effective modality in controlling seizures; further research is required to assess its efficacy in
terms of biomarkers along with descriptive metabolomics studies.

Trial Registration Information
The clinical trial registry of India: CTRI/2015/07/006048.
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Classification of Evidence
This study provides Class III evidence that the MAD increases the probability of seizure reduction in adolescents and adults
with DRE.

Epilepsy affects more than 70 million people worldwide, and
one-third of persons with epilepsy are resistant to antiseizure
medications (ASMs).1

Drug-resistant epilepsy (DRE) is defined by the International
League Against Epilepsy as “failure of adequate trials of 2
tolerated, appropriately chosen, and used ASM schedules
(whether as monotherapy or in combination) to achieve
sustained seizure freedom.”2 Many patients who are not
suitable surgical candidates or decline surgery3 have benefited
from dietary interventions.4,5

Modified Atkins diet (MAD) aims to provide increase palat-
ability and flexibility with a 1:1 ratio of fat to carbohydrates
and protein, as it has around 65% fat, 25% protein, and 10%
carbohydrates.6 MAD and low glycemic index diet (LGIT)
are hence less restrictive alternatives to the ketogenic diet
(KD), as protein and calories are not restricted.7

In previous studies, nearly half the patients with DRE showed
>50% seizure reduction on the KD, and about 15%–20%
became seizure-free.8 A meta-analysis showed that the com-
bined efficacy rates for freedom from seizures, reduction of
seizures by 50% or more, and reduction of seizures below 50%
in adults with difficulty to treat epilepsy was 13%, 53%, and
27%, respectively.9 Several studies have shown an efficacy of
MAD of at least in 30% of the study patients having >50%
reduction in seizure.10-14 The efficacy of MAD has been
established and well tolerated in children with DRE.13,15,16

Evidence suggests that MAD may have comparable efficacy
but a higher rate of compliance as compared to KD in adults
with DRE.17-20 There is an uncertainty as to the best dietary
treatment because of a low number of trials in adults with
DRE.21,22 Therefore, we chose MAD because of its ease of
applicability and better compliance than the KD and the need
for randomized controlled trials (RCTs) for assessing long-
term outcomes with regard to the response toMAD in a larger
cohort, including adolescents and adults with DRE, which are
still lacking.

We therefore performed a RCT. Our primary research ques-
tion was to investigate “whether the addition of MAD (dietary
intervention) with on-going standard drug therapy (SDT) is
more efficacious in terms of seizure control at 6 months in the

nonsurgical patients with DRE?” The secondary objectives
were to determine the quality of life, behavior, tolerability of
MAD, and their adverse effects at 6 months among adolescents
and adults with DRE.

Methods
Trial Design and Oversight
A prospective randomized open-label, blinded endpoint
controlled trial with 2 parallel arms design was conducted in
the pediatric and adult neurology clinic, All India Institute
of Medical Sciences (AIIMS), a tertiary care referral center
in New Delhi, India. Eligible participants were randomly
assigned to receive the SDT plus MAD or SDT alone in a 1:
1 ratio. All the patients underwent clinical evaluations at
baseline, 3 months, and 6 months, and outcome assessment
was performed at 6 months. Structured formats of seizure-
log, ketone-log, food-log, adverse event diary, and schedule
of enrollment and timeline of clinical evaluations
(eFigure 1A, 1B) are provided in eAppendix 1 (links.lww.
com/WNL/C564).

Standard Protocol Approvals, Registrations,
and Patient Consents
The institutional ethics committee approved this trial, and
written informed consent was obtained from adults, parents, or
the legally authorized representatives of the adolescent patients
withDRE, before recruitment. This trial was registered with the
Clinical Trial Registry of India [(CTRI); ref no. CTRI/2015/
07/006048]. The report of the study follows the CONSORT
guidelines.23

Participants
The detailed study flowchart is presented in Figure 1. Potential
candidates were recruited from the pediatric and neurology
epilepsy clinic of tertiary care referral center, New Delhi. We
enrolled patients who met the following inclusion criteria: (1)
age [10–55 years; adolescents (10 to ≤18 years) and adults
(>18–55 years)], (2) DRE who had more than 2 seizures per
month despite using at least 3 appropriate ASMs at their
maximum tolerated doses,21 and (3) agreed to regular follow-
up andmaintain their seizure-log. Patients were excluded in the
following conditions: (1) surgical candidates, (2) an inborn
error of metabolism, clinical suspicion of metabolic disorder4

Glossary
AIIMS = All India Institute of Medical Sciences; ASMs = antiseizure medications; DRE = drug-resistant epilepsy; ILAE =
International League Against Epilepsy; ITT = intention to treat; MAD = modified Atkins diet; PP = per protocol; QOL =
quality of life; RCTs = randomized controlled trials; SDT = standard drug therapy.
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known as chronic systemic disorder, (3) intake of any dietary
therapy in the past, and (4) refusal to give consent. The screening
procedure was performed with the assistance of the concerned
clinicians (M.T. and S.G.). All patients underwent a 4-week
observation period (week -4 to week 0 [the weeks are labeled -4
to 0] [run-in period]). Parents/caregivers were asked to

maintain a daily seizure-log by recording the seizure type, du-
ration, and frequency before enrollment. In the run-in period,
no special dietary restrictions were advised. All baseline de-
mographic details, biochemical investigations, and clinical details
were collected in the paper-based standard case report form and
then entered in an excel datasheet after the run-in period.

Figure 1 Study Flowchart

ABCL = Adult Behavior Checklist; CBCL = Child Behavior Checklist.
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Randomization and Blinding
Patients were randomly assigned to either of the 2
groups—SDT plus MAD (intervention arm) or SDT alone
(control arm). Computer-generated permuted blocks strati-
fied by age group were used to generate a randomization list.
Allocation concealment was performed using sealed and se-
rially numbered opaque envelopes. These envelopes were
prepared by a person not involved in the study (R.D.). A
dietician (M.M.) was directly involved with the diet pre-
scription, and patients and their caregivers were not blinded
to the treatment, seizure frequency, and adverse events related
to the treatment. The primary outcome assessor (K.K.) was
blinded to the treatment allocation. Secondary outcome as-
sessors (S.S. and A.N.), clinicians (M.T. and S.G.), other
personnel (R.D.), and statisticians (R.M.P. and A.U.) were
also blinded to the group allocation.

Intervention and Control
After the run-in period (−4 weeks), MAD therapy was started
on an outpatient basis. Carbohydrate intake was restricted to
20 g/d. The detailed MAD protocol, a standard food ex-
change list, sample menu, and recipe booklet of standardized
recipes including Indian recipe with either 2.5 g or 5 g car-
bohydrate are provided in eAppendix 2, links.lww.com/
WNL/C564. High-fat and low-carbohydrate foods were en-
couraged; however, proteins were unrestricted. The diet was
supplemented with multivitamins and minerals. Parents and
caregivers were taught to maintain a daily-log of seizure count,
meals consumed in a day, dietary intolerance, and urine ke-
tones (thrice a day) using color-coded keto dipsticks. Average
ketosis was calculated after 24 weeks of diet. Any adverse
effects (i.e., constipation, diarrhea, weight loss, anorexia,
lethargy, vomiting, sleep, disturbance, and hospitalization due
to MAD) were noted as per parental/caregivers’ interview at
each visit at 15 days after the diet initiation, 3 months, and 6
months. Diet compliance was assessed based on carbohydrate
consumption recorded in the daily food-log. Consumption of
carbohydrates was calculated by using DietCal software.24

Regular telephonic consultation was given weekly to ensure
adherence to the diet.

The control group received a normal diet with no specific
dietetic inputs. A trained dietician (M.M.) provided coun-
seling to the caregivers along with age and weight-specific
dietary charts based on the Recommended Dietary Allowance
without any carbohydrate restriction. Prescribed ASMs were
not changed during the study period in both the groups. The
complete blood count and fasting lipid profile at baseline and
follow-up at 6 months were measured. After 6 months, MAD
was offered to those who wanted to follow the therapy.

Outcome Measurements
The primary outcome measure was the proportion of patients
with greater than 50% seizure reduction (seizure frequency)
from baseline to 6 months of follow-up in both groups. Sei-
zure frequency was measured as the average seizures/week in
the preceding 4-week period. Secondary outcome measures

included tolerability and adverse effects of the diet as per
parental/caregivers’ reports. We also compared changes in
biochemical parameters, QOL, and behavior from baseline to
6 months using QOL in Epilepsy Inventory for Adolescents-
48 and QOL in Epilepsy Inventory-31 for adults. Both scales
contain questions about health-related quality of life. Child
Behavior Checklist and Adult Behavior Checklist scales were
used for the behavioral assessments, which were completed by
parents/caregivers in each visit. Patients were followed up and
assessed using daily seizure-log, food-log, and ketone-log at 1
month, 3 months, and 6 months.

Safety
An independent, external data safety monitoring board
(DSMB) (Acknowledgement section) reviewed all the pa-
tients’ case record files periodically for their safety, efficacy,
and adverse events. We followed DSMB guidelines.25

Statistical Analysis
The sample size was calculated based on an anticipated de-
crease of >50%13,17 for the SDT plus MAD group as com-
pared to the SDT group. Expecting a 30% response rate in the
intervention arm and 10% in the control arm, power of 80%,
and level of significance 5%, a sample size of 144 (72 each
group) was calculated. Considering that 10% of patients
might be lost to follow-up at 6 months, 160 patients were
enrolled in total.

All statistical analyses were conducted using STATA (Version
14, Stata Corp; College Station, TX). Variables were checked
for normal distribution, and frequency (percentage), mean, or
median values were used as appropriate. Categorical and
continuous variables were computed using the χ2 test/Fisher
exact and unpaired t test or theWilcoxon-Mann-Whitney test.
Owing to skewness, the variables (i.e., SGPT and triglycer-
ides) were log-transformed and appropriate test applied. Log-
binomial regression was used to see the effect of intervention
after adjusting the variables, which were not comparable at
baseline. For the primary outcome, percentage reduction on
seizure frequency at 6 months was analyzed using effect size
(mean or median difference) with 95% CI, and relative risk
(RR with 95% CI) was also analyzed to see the risk between
the 2 treatment groups. Intention-to-treat (ITT) analysis was
performed by including all patients who were enrolled and
assigned to an intervention. Patients who could not be con-
tacted at 6 months and their outcome data were missing; the
last observation carried forward method was used for primary
and secondary outcome analyses. Per-protocol (PP) analysis
was performed for patients who assigned the allocation and
who adhered to the protocol at 6 months. The effect of diet on
seizure reduction was analyzed using worst-case scenario
analysis. Adverse effects of the intervention were summarized
as number (percentage), and p < 0.05 was considered statis-
tically significant.

The study protocol and statistical analysis plan are available in
eSAP 1, links.lww.com/WNL/C563.
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Results
Baseline Characteristics
A total of 243 patients with DRE were screened for eligibility
between August 2015 and April 2019; 160 patients were en-
rolled and randomly assigned to the intervention (n = 80) or
control (n = 80) group. Fifty-two patients withdrew from the
study, and the remaining 108 patients (46: intervention and
62: control) who completed 6 months of follow-up were in-
cluded for the per-protocol analysis. The reasons for the pa-
tient’s withdrawal and exclusion from the study are given in
the CONSORT chart (Figure 2).

The demographic and clinical characteristics of the patients
were comparable at baseline except for gender (p = 0.006)

(Table 1). The median of the baseline seizure frequency was
similar in both groups (intervention: 16.5 and control: 24.0; p =
0.88). Most of the patients had epilepsy of structural (MAD:
52.5%, SDT: 57.5%) or unknown etiology (MAD: 45.0%,
SDT: 40.0%). Most patients were on at least 4 or more ASMs,
the frequent of these being levetiracetam (MAD: 60.0%, SDT:
70.0%), valproate (MAD: 75.0%, SDT: 75.0%), and clobazam
(MAD: 62.5%, SDT: 55.0%) (eFigure 2, links.lww.com/WNL/
C564). Nonvegetarians were higher in both groups (MAD:
65.0%, SDT: 58.7%) as compared to vegetarians (MAD:
35.0%, SDT: 41.2%) (eFigure 3, links.lww.com/WNL/C564).

Urine ketone levels were moderate to high (40–80 mg/dL)
throughout the study period. The mean morning and evening
levels of urine ketosis among the patients in the diet group were

Figure 2 CONSORT Flowchart of the Study

MAD = modified Atkins diet; SDT= standard drug therapy.
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58.3 ± 8.0 mg/dL and 62.2 ± 22.6 mg/dL, respectively, in-
dicating satisfactory adherence to the diet. Baseline demographic
and clinical details were obtained for adolescents and adults
(eTables 1 and 2, links.lww.com/WNL/C564).

Primary and Secondary Outcomes
At the end of the study period, the proportion of patients
with >50% seizure reduction from baseline was significantly
higher in the intervention group (Table 2) as per both ITT

Table 1 Baseline Demographic and Clinical Details of All Patients With DRE

Baseline characteristics
Intervention group
(n = 80)

Control group
(n = 80) p Value

Age at enrollment (in years)a 19.5 ± 7.4 19.4 ± 7.1 0.92

Gender, n (%) 0.006

Male 64 (80) 48 (60)

Female 16 (20) 32 (40)

Weight (in kg) 58.9 ± 19.8 59.6 ± 19.9 0.81

BMI (kg/m2) 22.5 ± 5.8 23.5 ± 6.2 0.28

Age at first seizure (in years) [median (IQR)] 5.5 (2.0–8.5) 6.5 (3–10) 0.28

Duration of epilepsy (in years)a 12.9 ± 6.3 11.7 ± 5.7 0.24

No. of seizures per month [median (IQR)] 37.5 (11.0–75.0) 26.5 (6.5–72.5) 0.10

No. of ASMs tried in the past months [median (mean ± SD)]a 4 (4.0 ± 0.9) 4 (4.1 ± 0.9) 0.86

Seizure type (%) 0.31

Tonic 2 (2.5) 5 (6.3)

Atonic 3 (3.7) 1 (1.2)

Focal seizures 33 (41.3) 43 (53.8)

Generalized tonic-clonic seizures 27 (33.7) 23 (28.7)

Myoclonic jerks 10 (12.5) 5 (6.3)

Multiple seizure types 5 (6.3) 3 (3.7)

Etiology, n (%) 0.86

Structural 42 (52.5) 46 (57.5)

Infectious 2 (2.5) 2 (2.5)

Unknown 36 (45.0) 32 (40.0)

Levels of biochemical parametersa

Uric acid, μmol/L 4.3 ± 1.4 4.3 ± 1.3 0.99

SGOT, mmol/L 26.7 ± 9.9 26.1 ± 8.3 0.93

SGPT, mmol/L 30.6 ± 18.6 26.1 ± 10.5 0.13

Total cholesterol, mmol/L 170.0 ± 41.5 171.7 ± 40.5 0.79

LDL, mmol/L 103.3 ± 36.4 105.3 ± 35.6 0.73

HDL, mmol/L 49.7 ± 10.4 47.8 ± 16.5 0.39

Triglycerides, mmol/L 106.9 ± 54.3 115.4 ± 52.2 0.18

Quality of lifea 44.1 ± 15.6 46.7 ± 15.2 0.29

Behavior problems (T scores)a

(n = 49)
71.2 ± 6.3 (n = 23) 69.8 ± 9.1 (n = 26) 0.56

Abbreviations: IQR = interquartile range; intervention group = standard drug therapy (SDT) plusmodifiedAtkins diet (MAD); control group = SDT alone; ASMs =
antiseizure medications; BMI = body mass index; LDL = low-density lipoprotein; HDL = high-density lipoprotein; SGOT = serum glutamic oxaloacetic trans-
aminase; SGPT = serum glutamic pyruvic transaminase.
a Data are represented as mean ± SD.
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[intervention: 26.2%; control: 2.5%, p value: 0.001] and per-
protocol analysis (intervention: 45.7%; control: 3.2%, p value:
0.001). It was also observed that >50% seizure reduction in
the intervention group was 10 times more as compared to the
control group (RR = 10; 95% CI 2.54, 43.3, p = 0.001). In the
intervention group, 5.0% (ITT analysis) and 8.7% (PP analysis)
of patients were seizure-free at the end of follow-up, whereas none
of the patients were seizure-free in the control group. These
differences in the seizure freedom rate were statistically significant
as per the PP analysis (p = 0.03) and the ITT analysis (Table 2).
The median (IQR) percentage reduction in seizure frequency
from baseline was found to be significant (p = 0.001) in the
intervention group [12.4 (−0.94–50.70)] as compared to the
control group [0 (−56.08, 9.45)]. On adjusting variables
(i.e., gender), there was 13.8 (95% CI 3.1, 62.6; p = 0.001; ITT
analysis) and 24.4 (95% CI 5.24, 113.8, p = 0.001; PP analysis)
times more seizure reduction (>50%) observed in the in-
tervention group as compared to the control group. Furthermore,
as per ITT analysis, the proportion of adult and adolescent pa-
tients having >50% seizure reduction and percentage change in
seizure frequency was significantly higher (p = 0.001) in the
intervention group as compared to the control group
(eFigure4–7, links.lww.com/WNL/C564). As per PP analysis,
significant improvement (57.1%; p = 0.001) in seizure reduction
was most notable in the adult population of the intervention
group vs control group (eTable 3, links.lww.com/WNL/
C564).The worst-case scenario analysis revealed no significant
improvement (>50% seizure reduction) between the intervention
and control groups (eTable 4, links.lww.com/WNL/C564).

There were no significant differences (p > 0.05) in the mean
scores of body weight, weight loss (eTable 5, links.lww.com/
WNL/C564), and biochemical profiles between the 2 groups at
6 months (Table 3). There was no change in most biochemical
parameters at 6 months on the diet when compared with the
baseline in both groups (eFigure 8, A–G). The difference in the
QOL and behavior scores was statistically significant (p = 0.0005

and p = 0.015, respectively) in the intervention group as com-
pared to the control group at 6 months (Table 3).

A significant improvement (eTable 6, links.lww.com/WNL/
C564) from baseline was noted in the mean score of QOL
(baseline: 52.7 ± 11.6 and last follow-up: 58.7 ± 14.2; p = 0.001
[adult]; 35.5 ± 14.3 (baseline) and 45.4 ± 18.3 (follow-up); p =
0.001 [adolescent]) in the intervention group. No significant
difference in QOL from baseline was found in adult patients
of the control group, whereas significant deterioration was
observed in adolescents (baseline: 41.3 ± 15.0 and 6-month
follow-up: 33.8 ± 15.3; p = 0.0001). Most of the patients in the
intervention group had clinicallymeaningful increase (6.0 points:
adults and ;10 points: adolescents) in their overall QOL.

Total T scores on the Child Behavior Checklist/Adult Be-
havior Checklist scales indicated the possible behavior prob-
lems at the end of treatment. However, we obsedverd that the
behavior problems normalized in the intervention compared
to controls. The difference of the mean total behavior T score
from baseline to follow-up [8.3, p = 0.0069 (adults); 3.7, p =
0.03 (adolescents)] in the intervention group while in the
control group [−3.5, p = 0.0179 (adults); −0.06, p = 0.95
(adolescents)] (eTable 7, links.lww.com/WNL/C564).

Dietary adherence/compliance [median percentage (range)] was
91.07 (87.5–92.85) in the MAD group at 6 months (eFigure 9
and eTable 8, links.lww.com/WNL/C564). No significant ad-
verse effects were observed in patients receivingMAD. However,
1 patient had weight loss; 2 patients had diarrhea (4.3%). The
most common adverse effects were constipation, vomiting, di-
arrhea, lethargy, and anorexia, which resolved by dietary modifi-
cations (eTable 9, links.lww.com/WNL/C564).

This study provides Class III evidence that theMAD increases
the probability of seizure reduction in adolescents and adults
with DRE.

Table 2 Efficacy of Diet in Seizure Frequency at the End of Treatment (6 Months) in All Patients

Seizure reduction Intervention group Control group Proportion difference (95% CI) RR (95% CI) p Value

A) ITT analysis [SDT plus MAD group (n = 80) and SDT group (n = 80)]

cMore than 50% 21 (26.2%) 2 (2.5%) 23.7 (13.5, 33.9) 10 (2.54, 43.3) <0.001a

More than 90% 6 (7.5%) 0 7.5 (1.7, 13.3) Undefined 0.028b

Complete seizure-free 4 (5%) 0 5.0 (0.2, 9.7) Undefined 0.116

B) PP analysis [SDT plus MAD group (n = 46) and SDT group (n = 62)]

cMore than 50% 21 (45.7%) 2 (3.2%) 42.0 (27.3, 57.4) 14.2 (3.94, 57.35) <0.001a

More than 90% 6 (13%) 0 13 (3.3, 22.7) — 0.005b

Complete seizure-free 4 (8.7%) 0 8.7 (0.5, 16.8) — 0.03b

a p Value < 0.005.
b p < 0.05.
c Primary outcome >50% seizure reduction.
Abbreviations: intervention group = standard drug therapy (SDT) plus modified Atkins diet (MAD); control group = SDT alone; ITT = intention to treat; PP = per
protocol; RR = relative risk.
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Discussion
In this RCT, we investigated the effect of an add-on MAD
therapy on seizure reduction in adolescents and adults with
DRE. MAD was found to be more efficacious for reducing
seizure frequency than SDT alone. 26.2% of patients had
>50% seizure reduction in the intervention group com-
pared with the control group. The result of the present
RCT agrees with previous findings,13,15,21,16 and the ob-
served seizure reduction was comparable with previously
published reports on MAD with DRE,18,17,26,27 which
suggest that MAD for DRE in adults and adolescents is well
tolerated; however, data on MAD treatment in adults are
limited.21,22 The present cohort demonstrated a lesser re-
duction in seizure frequency on MAD as compared to an-
other study.17 in adults and in children.13,15,16 This
difference could be partially accounted for by the fact that
the MAD was started late in our clinical setting. In our
study, patients had a duration of epilepsy of more than 10
years on an average and had a median of 37.5 seizures per
month in the intervention group and 26.5 in the control
group; after having tried an average of 4 different ASMs,
most presented with structural (bilateral hypoxic ischemic
changes) etiology.

An RCT performed in adults in Iran reported a 35.5% re-
sponder (>50% seizure reduction) vs no responder in the
control group.21 Another study could not detect a decrease in
seizure frequency.22 Both these studies had a relatively low
number of participants and a shorter follow-up period.

Our study was conducted in a larger cohort, including ado-
lescents and adults, with a 6-month follow-up. On subgroup
analysis, >50% seizure reduction was found in 32.5% of the
adult population. Use of exchange list and recipe booklet
helped in the initiation of MAD with the flexibility of meal
choices and ease of administration, hence an ideal treatment
option for low-resource settings.

On PP analysis, we have found similar efficacy of MAD on
seizure reduction (45.7%), which is comparable with the ob-
servational study10 in contrast to other studies reported.11,21

Worst-case scenario analysis for the missing data was per-
formed, and we observed that there was no significant differ-
ence between intervention and control groups for favorable
outcome (>50% seizure reduction) and unfavorable outcome
(≤50% seizure reduction). The analysis was performed because
of the higher dropouts in our study.28,29

Reduction in seizure frequency and QOL improved significantly
for the entire population in adults and adolescents in the in-
tervention group. Improvement in nonseizure domains (QOL)
was observed in the intervention group as compared to the control
group (r = 0.17, p = 0.027), which was significant. The reasons
may be probably fewer and lower frequency of seizures that visibly
enhanced quality of life. Many other investigators have reported a
better QOL without any standard scales, including recent studies
on a diet.30-32

Of interest, we have not found a significant difference in weight
loss (>10%) in the diet group, which is supported by previous

Table 3 Treatment Effect on the Secondary Outcome Variables at the End of the 6 Months in All Patients

Outcome Intervention group (n = 80) Control group (n = 80) Difference (95% CI) p Value

BMI (kg/m2) 22.5 ± 5.3 23.6 ± 5.8 −1.13 (−2.86, 0.60) 0.19

Body weight (kg) 58.8 ± 18.5 59.9 ± 18.8 −1.10 (-6.94, 5.46) 0.70

Weight lossd 1.9 ± 0.1 1.9 ± 0.1 −0.01 (−0.05, 0.03) 0.56

Uric acid, μmol/L 4.6 ± 1.5 4.3 ± 1.4 0.35 (−0.11, 0.80) 0.13

SGOT, mmol/L 27.5 ± 11.6 27.0 ± 10.5 0.62 (−2.22, 3.47) 0.66a

SGPT, mmol/L 33.8 ± 25.3 28.5 ± 16.5 5.34 (−1.34, 12.02) 0.13a

Total cholesterol, mmol/L 177.3 ± 35.3 173.6 ± 37.1 3.73 (−7.56, 15.04) 0.51

LDL, mmol/L 110.4 ± 34.0 108.0 ± 29.8 2.37 (−7.62, 12.36) 0.63

HDL, mmol/L 50.5 ± 14.2 49.4 ± 15.0 1.06 (−3.49, 5.63) 0.64

Triglycerides, mmol/L 108.3 ± 58.1 112.1 ± 45.4 −3.81 (−20.10, 12.46) 0.19

Quality of life 52.1 ± 17.6 42.5 ± 16.4 9.59 (4.26, 14.92) 0.0005c

Behavior problems (T scores) 65.6 ± 7.9 71.4 ± 8.1 −5.77 (−10.39, −1.16) 0.015b

a p Value given using the nonparametric test.
b p Value < 0.05.
c p Value < 0.0005.
d Categorical variables.
Data are represented as mean ± SD.
Abbreviations: intervention group = standard drug therapy (SDT) plus modified Atkins diet (MAD); control group = SDT alone; BMI = bodymass index; SGOT =
serum glutamic oxaloacetic transaminase; SGPT = serum glutamic pyruvic transaminase; LDL = low-density lipoprotein; HDL = high-density lipoprotein.

Neurology.org/N Neurology | Volume 100, Number 13 | March 28, 2023 e1383

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


studies.21,18 However, weight loss is more common in adults as
reported elsewhere.17 In our study, there was no change in most
biochemical parameters at 6 months on the diet when compared
with the baseline. None of the patients had hyperuricemia.
However, one study reported an increase in the lipid profile over
the first 3 months of the diet; these values normalized within a
year of treatment, including in patients treated with MAD for
more than 3 years.33 Longer follow-up data are required to assess
the change in the lipid profile in adults on MAD. Other studies
have reported some side effects (i.e., gastrointestinal complaints,
dyslipidemias, constipation, and weight loss).21,34,27 Kidney
stones31 are a common diet-induced problem in children in the
case of diets. None in our study reported renal stones possibly
because of adequate liquid consumption during the dietary in-
tervention. Increased seizure frequency was reported in 1 patient.
The seizure aggravation in this patient is hard to explain. Others
have reported an aggravated seizure frequency when on diet.22,27

We found 32.5% dropouts because of lack of efficacy, non-
acceptability of diet, and inability to follow-up (around COVID
time). Other reports also show a variation in the dropout rate
between 7% and 50%.13,15,21,35,36 We also assessed QOL and
behavior using structural scales in thewhole cohort alongwith diet
compliance by an expert dietician (M.M.), which added strength
to our study. Our study has few limitations; blinding could not be
performed with the individuals and dieticians because it required
close interactionwith patients. Because of resource constraints, the
behavior could be assessed only in a subset of patients and not the
entire cohort. Compliance to diet is more challenging in long
term, especially in adults. However, the tolerance ofMAD ismuch
better than high-fat diet (classical KD).15 Daily-logsmaintained by
caregivers could have missed some seizures, including nocturnal
seizures, and runs the risk of introducing subjective errors. A
multicentric trial including all primary dietary options such as KD,
MAD, and LGIT in older adults with DRE having outcomes of
seizure reduction, adverse events, and cognitive effects is required
to further validate the results. In addition, a selection bias cannot
be ruled out because this was a single-center study.

MAD therapy was efficacious, feasible, and well tolerated, with
better compliance along with seizure reduction in adolescents
and adults with DRE. Reduction of seizure frequency reflected
in the improvement of the quality of life in all patients in the
intervention group as compared to the control group. Future
studies would be needed to identify neurophysiologic and ge-
netic biomarkers associated with MAD response, which may
have implications for clinical care by encouraging targeted and
earlier use of the MAD and also individualized risk-benefit
analysis of the therapeutic diet, which can provide alternative
therapy to standard care treatment.
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