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Abstract
Objective: Ketogenic diet therapies (KDTs) are increasingly used as a treatment 
for people with epilepsy of childbearing potential (PWECP) and glucose trans-
porter type 1 deficiency syndrome (Glut1DS). The aim of this study was to collect 
information on clinical experience with KDT during pregnancy and lactation in 
these populations.
Methods: Between December 2023 and June 2024, an online survey was widely 
circulated to healthcare professionals (HCPs) working with PWECP and peo-
ple with Glut1DS of childbearing potential on KDT. The survey explored KDT 
use during pregnancy and lactation. Only HCPs working with patients who ex-
pressed interest in KDT and who were planning to become pregnant or were 
already pregnant were invited to complete the survey.
Results: Thirty-five HCPs had counseled patients about whether to follow 
KDT during pregnancy. Sixty percent of HCPs did not recommend KDT dur-
ing pregnancy. Key concerns included a lack of expertise with KDT use during 
pregnancy, insufficient data on the safety of KDT use during pregnancy, and 
uncertainty about the impact on fetal development. Among the HCPs (40%) 
who recommended KDT during pregnancy, there was no consensus regard-
ing the version of KDT or optimal macronutrient composition. Even fewer 
HCPs (n = 5) had provided counseling on diet adaptation during lactation. 
Low Glycemic Index Treatment and the modified Atkins diet were most rec-
ommended. Blood ketone monitoring was unanimously recommended during 
lactation.
Significance: Based on the survey results, HCPs have variable opinions about 
the safety, management, ideal diet, and levels of ketosis for people with epilepsy 
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1  |   INTRODUCTION

Ketogenic diet therapies (KDTs) are high-fat and very 
low-carbohydrate diets that stimulate fat metabolism and 
ketone production and have been used to treat epilepsy 
for over 100 years.1 The classic ketogenic diet (CKD) is 
composed of a macronutrient ratio of 4:1 (4 grams [g] of 
fat to every 1 g of protein plus carbohydrates combined), 
but modified KDTs with lower ratios and varying levels 
of carbohydrate restriction are also used based on patient 
age, individual tolerability, goal level of ketosis, and 
protein requirements.2–5 The modified Atkins diet (MAD) 
is a less-strict KDT variant that restricts net carbohydrates 
to a 10–20 g/day limit, which is roughly equivalent to a 
ratio of 1–2:1 of fat to protein plus carbohydrates.3 The 
Low Glycemic Index Treatment (LGIT) limits total 
carbohydrates to 40–60 g/day from foods with glycemic 
indices <50; about 60% of dietary energy is derived 
from fat, and 20–30% from protein.4 Studies of KDTs in 
adults with epilepsy demonstrate responder rates of up 
to 52%.6,7 KDT is particularly emphasized early in the 
course of treatment and is standard of care for glucose 
transporter type 1 deficiency syndrome (Glut1DS) 
and pyruvate dehydrogenase deficiency, given higher 
rates of efficacy. Moreover, the multiple potential 
mechanisms of action most likely explain the observed 
benefits in other neurological disorders as well.8,9 The 
increased use of KDTs raises questions about safety 
and monitoring during pregnancy and lactation, with a 
paucity of information in clinical studies10–15 and mixed 

results in animal studies.16–23 Some preclinical studies in 
mice suggest that KDT consumption pre-conception and 
during gestation impacts female fertility by increasing 
the time to pregnancy and reducing litter size and 
alters fetal cardiac, pharynx, and neuro-anatomy; and 
influences adult behavior.16,17 In contrast, maternal 
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(PWE) and Glut1DS on KDT during pregnancy and lactation. There was consen-
sus about monitoring ketosis levels and ensuring micronutrient supplementa-
tion. Patient enrollment in pregnancy registries that capture KDT use is crucial to 
support future research and expand knowledge about the safety of KDT so HCPs 
and PWE or Glut1DS can make informed decisions about their treatment.
Plain Language Summary: Most healthcare providers (HCPs) did not advise 
ketogenic diet therapy (KDT) for epilepsy during pregnancy, though some noted 
exceptions for glucose transporter type 1 deficiency syndrome. Their main con-
cerns were not having enough information about safety for the parent and fetus 
and their own lack of experience using KDT during pregnancy. The 40% of HCPs 
who supported the use of KDT during pregnancy stressed the need for personal-
ized care and close monitoring to reduce risks. Few HCPs have used KDT during 
lactation. Experts advised using more flexible versions of KDT during lactation. 
More research is needed.

K E Y W O R D S

breastfeeding, childbearing potential, classic ketogenic diet, Glut1DS, ketogenic metabolic 
therapy, ketones, ketosis, low glycemic index treatment, modified Atkins diet

Key points

•	 Of the 99 healthcare professionals (HCPs) 
surveyed, only 14% had supported individu-
als on ketogenic diet therapy (KDT) during 
pregnancy.

•	 Key concerns about the use of KDT during 
pregnancy included insufficient data on safety 
for both the parent and fetus.

•	 Risks and benefits of continuing KDT during 
pregnancy must be weighed. Stopping an 
effective treatment can destabilize symptom 
control.

•	 Experts advised an individualized approach 
and close monitoring for people continuing 
KDT during pregnancy or lactation.

•	 During lactation, HCPs advise flexible KDT 
versions, with higher carbohydrate intake, and 
monitoring ketones to avoid k​eto​aci​dos​is.​​
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consumption of KDT during pregnancy and lactation 
had no effect on the number of live births, body growth, 
or brain weight in another murine model.23 While anti-
seizure medications (ASMs) remain the cornerstone 
of epilepsy management, reports of the effects of in 
utero ASM exposure on congenital abnormalities and 
neurocognitive development in offspring have led to 
earlier engagement with specialist neurology teams to 
help patients plan pregnancy, optimize seizure control, 
and minimize potential risks.24 Understandably, this 
has also led to greater interest in KDTs for people with 
epilepsy of childbearing potential (PWECP).

Nutrition and lifestyle choices during pregnancy sig-
nificantly affect fetal growth and development. There 
is general agreement among international recommen-
dations for nutrient requirements during pregnancy 
(Table  1; Table  S1), which aim to optimize health and 
reduce the risk of birth defects and suboptimal fetal 
development.25–33 Pregnant and lactating individuals 
on KDTs exceed the recommended 20%–35% of total 
energy from fat and may exceed recommended levels 
of essential fatty acids due to greater consumption of 
high-fat foods. Protein requirements are also met and 
can be individualized. However, KDTs involve signifi-
cantly lower carbohydrate intake, typically 5%–15% of 
total energy, equivalent to 10–60 g/day. Pregnancy itself 
results in increased ketogenesis, lipolysis, and avail-
ability and use of free fatty acids as the primary energy 
source since glucose is largely consumed by the fetus.34 
However, the effects of replacing glucose with ketones 
as the primary energy source for the fetus are not fully 
understood. Similarly, although ketones are preferred 
in the early postnatal period over glucose as substrates 
for the synthesis of phospholipids and sphingolipids in 
accord with requirements for brain growth and myelin-
ation,34 it is less clear how carbohydrate restriction im-
pacts infant energy needs and the nutrient composition 
of breast milk.

There is also a paucity of information on micronu-
trient needs with KDT use. Elevated serum levels of vi-
tamins A, D, and E were found in one individual who 
followed KDT during pregnancy,10 which may relate to 
the increased use of vitamin/mineral-enriched foods 
and ketogenic products. Specific multivitamin/mineral 
supplements for KDT contain relatively high levels of 
vitamin D and calcium, but these are not tailored to the 
specific needs of pregnancy. To begin to address gaps in 
knowledge and shared experience regarding KDT use 
during pregnancy and lactation in people with epilepsy 
(PWE) and people with glucose transporter type 1 de-
ficiency syndrome (Glut1DS), a survey was designed 
to gather information from the global community of 
healthcare providers (HCPs).

2  |   METHODS

2.1  |  Study design

Clinicians practicing in the KDT field, some of whom are 
members of the International League Against Epilepsy 
(ILAE) Dietary Therapies Task Force, developed an 
online survey to collect information on experience 
and practice with KDT to treat epilepsy and Glut1DS 
during pregnancy and lactation. The study protocol was 
approved by the ethics committees of the coordinating 
center (Comitato Etico della Lombardia 6, Approval 
Number: 0042479).

2.2  |  Survey instrument

The group met several times and identified key areas 
of interest and any publications about KDTs during 
pregnancy and lactation. Based on these group 
discussions, a survey was developed to collect data from 
KDT HCPs worldwide. The survey aimed to explore 
if there was sufficient expert experience and opinion 
to formulate consensus recommendations for clinical 
practice. The survey was created in Google Forms to 
ensure broad accessibility among professionals and 
was disseminated between December 2023 and June 
2024. Invitations were circulated as widely as possible 
to include as many centers providing KDT services for 
epilepsy and Glut1DS as possible. Circulation occurred 
via electronic mailing lists, scholarly society newsletters, 
and KDT congresses. A detailed list is included in the 
supporting information.

2.3  |  Survey structure

The survey was organized into two main sections: one 
addressing KDT use during pregnancy and the other KDT 
use during lactation. Each section explored three distinct 
domains, including experience with pregnancy and 
lactation, monitoring, and supplementation.

The survey utilized multiple-choice, open-ended, and 
dichotomous (yes/no) questions. Only HCPs with expe-
rience managing patients planning pregnancy or cur-
rently pregnant and interested in following KDTs were 
permitted to complete the full survey. Clinicians without 
this specific experience were directed to exit the survey 
after the first question (“Have you ever been approached 
by a person intending to become pregnant or pregnant 
who is interested in following KDT?”). Descriptive sta-
tistics were used to analyze and summarize the data for 
each variable.
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3  |   RESULTS

3.1  |  Survey responses

A total of 101 HCPs participated in the survey; two 
individuals did not complete any of the survey questions 
(Figure  1). The number of responses to each question 
varied as respondents were not required to provide an 
answer for every survey question, and some questions 
allowed multiple responses. Survey questions are 
presented in Table  2. Detailed professional information 
about the respondents who provided this information is 
presented in Figure 2.

3.2  |  Experience with KDT during 
pregnancy

Among the HCPs surveyed, 42% (42/99) reported 
experience with patients either planning to become 
pregnant or already pregnant and expressing interest in 
KDTs. Of these, 83% (35/42) had provided counseling 
regarding the appropriateness of KDT during pregnancy. 
However, 60% (21/35) did not recommend KDT during 
pregnancy, citing insufficient data regarding the use of 
KDTs during pregnancy. Key concerns included safety or 
potential risk of adverse effects (11/21) and the uncertain 
impact on fetal development (5/21). Lack of experience 
and the absence of expert dietitian support were also cited. 
Two responders recommended the use of LGIT to mitigate 
risks associated with ketosis.

3.2.1  |  KDT type recommended during 
pregnancy

Of the 40% (14/35) of HCPs that recommended patients 
stay on KDT during pregnancy, the following KDT 
types were recommended: LGIT (5/13, 38%), modified 

KDT (5/13, 38%), MAD (4/13, 31%), and modified LGIT 
(1/13, 8%). Modified LGIT was described as a low-
carbohydrate, low-glycemic index diet with increasing 
carbohydrate intake over the course of the pregnancy to 
avoid ketosis. Notably, none of the HCPs recommended 
CKD use during pregnancy. Some HCPs recommended 
more than one type of diet. One HCP did not respond.

3.3  |  Macronutrient intake on KDT 
during pregnancy

The survey explored whether HCPs recommended 
specific minimum or maximum levels for macronutrients 
(carbohydrates, proteins, fats) in individuals using KDT 
during pregnancy, and if so, to specify the recommended 
ranges. The responses varied significantly, with no 
emerging consensus.

•	 Carbohydrates: 64% (9/14) recommended establishing 
minimum and maximum carbohydrate levels, with 25% 
(2/8) emphasizing individualization based on the pa-
tient's needs. Carbohydrate thresholds varied, likely due 
to variation in the types of KDT prescribed.

•	 Protein: 61% (8/13) recommended setting minimum 
and maximum protein levels, with 38% (3/8) advocating 
for a personalized approach to meet recommended ref-
erence values.

•	 Fats: 67% (8/12) did not consider it necessary to 
strictly monitor fat intake. One respondent who rec-
ommended minimum and maximum levels of fat in-
take emphasized that fat intake should be adequate 
to meet caloric needs and support the goal level of 
ketosis.

3.4  |  Monitoring KDT during pregnancy

The survey investigated the need for monitoring blood 
glucose levels and blood and urine ketone concentrations 
and, if recommended, the suggested minimum and maxi-
mum values. The values reported were highly heteroge-
neous, with no emerging consensus, reflecting significant 
variation in clinical practice.

•	 Blood glucose: 61% (8/13) recommended regular mon-
itoring during pregnancy. Additionally, 62.5% (5/8) 
advocated for setting both minimum and maximum 
thresholds.

•	 Blood ketones: 77% (10/13) supported regular measure-
ment throughout pregnancy. Furthermore, 80% (8/10) 
recommended establishing both minimum and maxi-
mum thresholds.

F I G U R E  1   Inquiries about ketogenic diet therapy 
implementation in pregnancy and lactation. KDT, ketogenic diet 
therapy; NA, not applicable.
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      |  1125FALTERSACK et al.

T A B L E  2   Results of the pregnancy and lactation survey.

Pregnancy questions Survey results

Have you counseled patients about whether or not to follow KDT during pregnancy? Y = 35, N = 7

Did you recommend being on a ketogenic diet therapy during pregnancy? Y = 14, N = 21

What reasons did you give for not recommending KDT during pregnancy? Concerns about safety/potential risk of 
adverse effects n = 11
Uncertain impact on fetal development 
n = 5
Lack of expertise n = 2
LGIT is recommended with n = 2

What type(s) of KDTs do you recommend during pregnancy? CKD n = 0
MAD n = 4
MKD n = 5
LGIT n = 5
Modified LGIT n = 1

Do you recommend any minimum and maximum level of carbohydrate? Y = 9 N = 5

If yes, what minimum and maximum carbohydrate would you recommend (in grams)? No consensus reached

Do you recommend any minimum and maximum level of protein? Y = 8 N = 5

If yes, what minimum and maximum protein would you recommend (in grams)? No consensus reached

Do you recommend any minimum or maximum level of fat? Y = 4 N = 8

If yes, what minimum and maximum fat would you recommend (in grams)? No consensus reached

Do you recommend blood glucose measurement regularly during pregnancy? Y = 8 N = 5

If yes, do you recommend a minimum and maximum level of blood glucose during pregnancy? Y = 5 N = 3

If yes, what minimum and maximum blood glucose levels do you recommend? No consensus reached

Do you recommend that blood ketones be measured regularly throughout pregnancy? Y = 10 N = 3

If yes, do you recommend a minimum and maximum level of blood ketones during pregnancy? Y = 8 N = 2

If yes, what minimum and maximum blood ketones do you recommend (in mmol/L)? No consensus reached

Do you recommend that urine ketones be measured regularly throughout pregnancy? Y = 7 N = 6

Do you recommend a minimum and maximum level of urine ketones during pregnancy? Y = 5 N = 8

What minimum and maximum urine ketones do you recommend (in mmol/L)? No consensus reached

Do you recommend supplements on KDT during pregnancy? Y = 12 N = 1

Which kind of supplements on KDT during pregnancy do you recommend? Folic acid n = 12
Prenatal vitamin n = 12
Calcium n = 9
Vitamin D n = 11
Carnitine n = 2
DHA n = 2

Lactation questions Survey results

Have you ever been approached by a person intending to breastfeed while following KDT? Y = 7 N = 6

Have you counseled a patient about whether or not to adapt their KDT during lactation? Y = 5 N = 2

Did you recommend following KDT during lactation? Y = 5 N = 0

What reasons did you give for not recommending KDT during lactation? NA

What type(s) of KDTs do you recommend during lactation? CKD n = 1
MKD n = 1
MAD n = 3
LGIT n = 2
Modified LGIT n = 1

Do you recommend any minimum or maximum level of carbohydrate? Y = 3 N = 2

If yes, what minimum and maximum carbohydrates would you recommend? No consensus reached

Do you recommend any minimum or maximum level of protein? Y = 4 N = 1

If yes, what minimum and maximum protein would you recommend? No consensus reached

(Continues)
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1126  |      FALTERSACK et al.

•	 Urine ketones: 54% (7/13) advocated for regular mea-
surement, though specific minimum and maximum 
thresholds were not deemed necessary (8/13). For HCPs 
who deemed thresholds essential, there was no consen-
sus on optimal levels. Two focused on preventing ke-
tosis (2/5) and increased carbohydrate intake over the 
course of pregnancy when ketones were present.

3.5  |  Supplementation during pregnancy

The importance of supplementation during KDT in 
pregnancy is recognized in 92% (12/13) of responders. 
The following supplements are recommended: folic 
acid (12/12), prenatal vitamins (specially formulated to 
provide the vitamins and minerals needed for a healthy 
pregnancy) (12/12), calcium (9/12), vitamin D (11/12), 
carnitine (2/12), and docosahexaenoic acid (DHA) (2/12).

3.6  |  Experience with KDT during 
lactation

Regarding lactation, 54% (7/13) of respondents had been 
approached by individuals intending to breastfeed while 
following a KDT, and 71% (5/7) had provided counseling 
on diet adaptation during lactation.

3.6.1  |  Types of KDT recommended during 
lactation

Continuation of KDT was advised during lactation (5/5). 
The recommended diets were MAD 60% (3/5), LGIT 40% 
(2/5), CKD 20% (1/5), modified KDT 20% (1/5), and modi-
fied LGIT 20% (1/5). Some HCPs recommended more 
than one type of diet.

Lactation questions Survey results

Do you recommend any minimum or maximum level of fat? Y = 1 N = 4

If yes, what minimum and maximum fat would you recommend? No consensus reached

Do you recommend blood glucose measurement regularly during lactation? Y = 1 N = 4

If yes, do you recommend a minimum and maximum level of blood glucose during lactation? Y = 0 N = 1

If yes, what minimum and maximum blood glucose levels do you recommend? Not recommended

Do you recommend that blood ketones be measured regularly throughout lactation? Y = 5 N = 0

If yes, do you recommend a minimum and maximum level of blood ketones during lactation? Y = 4 N = 1

If yes, what minimum and maximum blood ketones do you recommend? No consensus reached

Do you recommend that urine ketones be measured regularly throughout lactation? Y = 4 N = 1

If yes, do you recommend a minimum and maximum level of urine ketones during lactation? Y = 2 N = 2

If yes, what minimum and maximum urine ketones do you recommend? No consensus reached

Do you recommend supplements on KDT during lactation? Y = 5 N = 0

Which kind of supplements do you recommend on KDT during lactation? Folic acid n = 5
Prenatal vitamin n = 4
Calcium n = 5
Vitamin D n = 5
Electrolytes n = 1
DHA n = 2

Abbreviations: Y, yes; N, no; n, number; KDT, ketogenic diet therapy; CKD, classic ketogenic diet; MAD, modified Atkins diet; MKD, modified ketogenic diet; 
LGIT, low glycemic index treatment; NA, not applicable; M, mean; gr, grams; mmol/L, millimoles per liter; DHA, docosahexaenoic acid.

T A B L E  2   (Continued)

F I G U R E  2   Distribution of healthcare professionals who 
participated in the survey. NA, not applicable.
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3.7  |  Macronutrient intake on KDT 
during lactation

The survey explored whether HCPs recommended spe-
cific minimum or maximum levels for macronutrients 
(carbohydrates, proteins, fats) and, if so, to specify the rec-
ommended ranges.

•	 Carbohydrates: 60% (3/5) specified minimum or maxi-
mum carbohydrate levels during lactation, with recom-
mendations for the diet being individualized to support 
ketosis (2/3), promote milk production (2/3), avoid lac-
tation ketoacidosis (1/3), or avoid ketosis (1/3).

•	 Protein: 80% (4/5) specify minimum or maximum pro-
tein levels during lactation. An individualized approach 
is emphasized (2/4) to meet the recommended refer-
ence values (2/4).

•	 Fats: 80% (4/5) do not specify minimum or maximum fat 
levels. One HCP suggested providing fat specifications 
based on calorie and macronutrient distributions (1/5).

3.8  |  Monitoring KDT during lactation

The survey investigated the need for monitoring blood 
glucose levels and blood and urine ketone concentrations 
and, if recommended, the minimum and maximum values.

•	 Blood glucose: 80% (4/5) Do not recommend regular 
measurement during lactation.

•	 Blood ketones: 100% (5/5) recommend measuring reg-
ularly throughout lactation, and 80% (4/5) believe that 
establishing minimum and maximum levels of blood 
ketones is crucial. Beta-hydroxybutyrate (BHB) rec-
ommendations ranged 0–4 mmol/L (0–41.6 mg/dL). 
One HCP suggested low-level ketosis (BHB <1 mmol/L 
or 10.4 mg/dL) during the first 6 months postpartum; 
after 6 months, the HCP considered higher levels (BHB 
≥1 mmol/L) acceptable.

•	 Urine ketones: 80% (4/5) advised monitoring through-
out lactation, with 50% (2/4) recommending minimum 
and maximum levels. One HCP recommended low-
level ketosis (trace/small) or staying out of ketosis in the 
first 6 months postpartum, emphasizing the avoidance 
of high levels of ketosis. After 6 months, the HCP con-
sidered moderate ketone levels acceptable.

3.9  |  Supplementation during lactation

The importance of supplementation during KDT 
in lactation is unanimously recognized (5/5). 
Recommended supplements included folic acid (5/5), 

prenatal vitamins (4/5), calcium (5/5), vitamin D (5/5), 
electrolytes (1/5), and DHA (2/5).

4  |   DISCUSSION

KDTs have been shown to be safe and effective as ad-
junctive therapy for PWECP1 and are often used as mon-
otherapy in people with Glut1DS.34 However, the risks 
and benefits of nutritional ketosis and low-carbohydrate 
intake during pregnancy and lactation are not well 
established.

4.1  |  Pregnancy planning

Pregnancy planning for PWECP involves weighing the 
benefits of anti-seizure treatments to optimize or main-
tain seizure control against the risks of side effects, tera-
togenicity, and loss of seizure control. Efforts are made to 
avoid ASMs with known teratogenic potential, move to-
ward the lowest effective ASM dose, and use the fewest 
possible ASMs (ideally monotherapy).35

Like the newer ASMs, the risks of nutritional keto-
sis during pregnancy are unknown. However, if KDT 
has been effective, discontinuing KDT may increase the 
risk of seizures. Ensuring adequate micronutrient sup-
plementation is in place prior to conception, including 
folic acid, is important,36 and discussions about breast-
feeding in the planning stage are also important. Based 
on our survey responses, the majority (60%) of HCPs did 
not recommend using KDT during pregnancy. The most 
cited reason was insufficient data regarding safety and 
adverse effects.

4.2  |  KDT during pregnancy

Data on KDT during pregnancy is minimal, so the preg-
nancy and fetal risks are unknown.10,11 However, it is 
known that ketogenesis is typically accelerated during 
pregnancy, especially in the third trimester.37,38 In non-
pregnant individuals, a total carbohydrate intake of <50 g 
per day typically promotes nutritional ketosis.39 The level 
of carbohydrate restriction that induces ketosis during 
pregnancy is unknown40–42 and may vary from person 
to person as well as by trimester. Therefore, during preg-
nancy, PWE and people with Glut1DS on KDT will need 
to regularly monitor blood ketone levels (ideally using a 
home meter), particularly if they exceed the typical range 
for adults on KDT (BHB 0.5–5 mmol/L or 5.2–52.1 mg/
dL), to guide adjustments to carbohydrate intake based on 
individual BHB goals.
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1128  |      FALTERSACK et al.

Based on our survey responses, starting KDT during 
pregnancy would not be advised as the risks are unknown. 
As the survey did not differentiate responses based on pa-
tient population (PWE or Glut1DS) or symptom control 
(well-controlled or refractory), it is unknown whether re-
sponses may have varied if provided very specific patient 
scenarios. Similarly, if a PWE or Glut1DS on KDT be-
comes pregnant, an individualized risk/benefit discussion 
about continuing KDT is needed. Weaning an effective 
anti-seizure treatment risks destabilizing seizure control, 
potentially increasing the risk of adverse outcomes for the 
parent and fetus.43 Currently, newer ASMs with inade-
quate pregnancy outcome data (and therefore unknown 
risks) are typically continued, as is valproate in particular 
cases where other treatments have been ineffective.44,45

In the survey, among the minority of HCPs (40%) 
who had treated individuals during pregnancy with 
KDT, there was no consensus regarding the choice of 
KDT type or optimal macronutrient composition. The 
majority agreed that ketone and glucose monitoring 
were appropriate, although there was no consensus on 
minimum or maximum ketone values. Of note, home 
glucose monitoring is advised for PWE or Glut1DS on 
KDT in lieu of a glucose challenge test, which requires 
drinking glucose to screen for gestational diabetes. All 
surveyed HCPs agreed that dietary supplementation was 
critical during pregnancy, most notably (in descending 
order) folic acid, followed by a prenatal vitamin, vitamin 
D, calcium, carnitine, and DHA.

4.3  |  Pregnancy outcomes on KDT

The North American Antiepileptic Drug Pregnancy 
Registry recently added a question asking if the pregnant 
individual is on KDT, and outcome data will be available 
in the future. In a published 2-case series10 one person 
with epilepsy received KDT monotherapy, and the other 
person with epilepsy used MAD combined with lamotrig-
ine. In the first case, the infant was born at 38.5 weeks' ges-
tation with normal Apgar scores and typical growth and 
development at 12 months of age. In the second, the infant 
was delivered by cesarean section at 40 weeks of gestation 
due to cephalopelvic disproportion. Apgar scores were 
normal, with typical neurodevelopment at 8 months; 
however, bilateral ear helical rim deformities of unknown 
clinical significance were noted at birth.

Glucose transporter type 1 deficiency syndrome is a 
rare genetic condition that impairs the transport of glu-
cose across the blood–brain barrier. KDT is the standard 
of care treatment, as ketones provide an alternative brain 
energy source.11 While most Glut1 pathogenic variants 
are monoallelic de novo pathogenic variants, offspring 

of carriers have a 50% chance of inheriting the patho-
genic variant.34 Early diagnosis and KDT lead to better 
outcomes,11,46–48 and it has been suggested that when a 
mother and fetus are both affected, ketosis during preg-
nancy could benefit brain development in the fetus. 
Kramer et  al. reported the case of a 19-year-old with 
Glut1DS who became pregnant on KDT.11 After birth, 
Glut1DS diagnosis was confirmed in the newborn, who 
was started and maintained on KDT. At age five, the child 
had a typical developmental progression, no seizures, no 
abnormal movements, and growth appropriate for age.

4.4  |  Safety of KDT during lactation

There are several case reports of lactation ketoacidosis 
associated with low-carbohydrate or ketogenic diets for 
weight loss and/or in the setting of inadequate caloric 
intake while lactating.12,49–64 BHB levels ranged 5.3–
10.5 mmol/L (55.2–109.3 mg/dL), significantly higher than 
the typical range for adults on KDT (BHB 0.5–5 mmol/L 
or 5.2–52.1 mg/dL).12,52–56,58,59,62–64 Energy and hydration 
needs are increased during lactation, and ketosis can be 
achieved with higher carbohydrate intake.65 Close BHB 
monitoring (with a home meter) is advised, especially dur-
ing exclusive breastfeeding for the first 6 months of the 
infant's life. Individual BHB goals may vary by patient, 
prescribed diet, and condition (Glut1DS versus epilepsy). 
Vigilance in monitoring for signs of acidosis is crucial, es-
pecially for individuals with BHB levels on the higher end 
of the typical range.

Our survey showed that fewer HCPs had experience 
managing KDT during lactation than during pregnancy. 
The majority thought it important to specify minimum 
and maximum carbohydrate and protein intake. There 
was no consensus regarding minimum and maximum ke-
tone concentrations. Blood ketone monitoring was unani-
mously recommended, but blood glucose monitoring was 
deemed unnecessary. Supplementation was advised in de-
scending order of frequency: folic acid, prenatal vitamins, 
calcium, vitamin D, DHA, and electrolytes.

4.5  |  Impact of KDT on breast milk 
supply and composition

Breast milk composition can be influenced by maternal 
diet, but the impact of KDT on milk supply and composi-
tion is unknown.36 Tan-Smith et al. analyzed breast milk 
composition from a mother who initiated KDT at 28 weeks 
postpartum with the purpose of inducing therapeutic nu-
tritional ketosis in her baby with intractable epilepsy.65 
After three months on KDT, the fat content increased 
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from 2.7 to 6.8 g per 100 mL. Ketones in the milk could 
not be analyzed, but the infant achieved ketosis (BHB 
1.1–2.1 mmol/L) and experienced a 75%–90% reduction in 
seizures. It remains unknown whether lactating individu-
als on KDT have ketones in their breast milk.

4.6  |  Impact of KDT use during lactation 
on the infant

In newborns, metabolism is primarily ketotic66 with a 
gradual rise in BHB levels, peaking at 48–59 hours of life, 
followed by a gradual decline, reaching their lowest at 
120–143 h.67 At birth, the neonatal brain uses 60–70% of 
total energy, nearly half from BHB.66 Colostrum is rich 
in triglycerides and protein but low in lactose,66 which 
gradually rises over 2 to 3 days with a fall in ketosis.66,68 
The infant brain consumes 80% of the body's glucose 
using glycolysis.69,70 While the infant brain extracts and 
utilizes ketone bodies four times better than adults,71 the 
long-term impact of breastfeeding from a parent on KDT 
is unknown. Van der Louw et  al. documented the case 
of an individual with epilepsy who followed KDT during 
pregnancy and a carbohydrate-restricted diet (47 g/day) 
while breastfeeding. The infant showed typical growth 
and neurodevelopment at 12 months.10 The safety and 
efficacy of KDT as a treatment for infants with epilepsy and 
Glut1DS have been established.72–74 When ketosis is not 
desired in an infant, carbohydrates can be supplemented.

5  |   LIMITATIONS

The study has several limitations. Surveys rely on self-
reported data, which may be inaccurate and biased due 
to self-selected reporting. Attempts to contact HCPs 
worldwide (Supporting Information) were not exhaustive. 
Survey questions may have been confusing or leading. 
Survey questions asked about experiences with both 
Glut1DS patients and PWE as a collective group, so it 
remains unclear if perspectives and recommendations 
may have differed between these patient groups.

6  |   CONCLUSIONS

Currently, there is insufficient evidence and clinical ex-
perience to propose consensus recommendations re-
garding KDT use during pregnancy and lactation among 
people with Glut1DS or PWECP. Variations in clinical 
practice among HCPs who used KDTs during pregnancy 
and lactation highlight the need for a highly individual-
ized approach, especially for PWE or Glut1DS. KDTs are 

increasingly used in other conditions, including obesity, 
malignancy, and diabetes.75 While risks of teratogenicity 
may differ with varying conditions and concomitant treat-
ments, information on outcomes of KDT use for these 
conditions during pregnancy and lactation will provide 
important evidence regarding efficacy and safety more 
broadly. Patient enrollment in pregnancy registries, spe-
cifically those that capture KDT use, is crucial to support 
future research and expand knowledge about the safety of 
KDT, so HCPs and PWE or Glut1DS can make informed 
decisions about their treatment plans.
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