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ABSTRACT - Objective: The aim of this study was to evaluate Italian dietitians’ expertise and clinical use of keto-
genic dietary therapies (KDTs), with a specific emphasis on their use in inherited metabolic disorders (IMDs).

Subjects and Methods: A 30-item multiple-choice questionnaire was distributed to Italian dietitians and physi-
cians (including neurologists, pediatricians and endocrinologists) affiliated with the Italian Scientific Association for
Food, Nutrition and Dietetics (ASAND) and/or the Italian Society for the Study of Inherited Metabolic Diseases and
Neonatal Screening (SIMMESN) and/or the Italian League Against Epilepsy (ILAE). Participants were recruited from
various clinical settings, including hospitals, private practices, and academic institutions. The survey explored profes-
sional experience, therapeutic clinical application of KDTs, follow-up strategies, and perceived barriers to implemen-
tation in IMDs. Descriptive statistics were used for data analysis.

Results: A total of 175 responses were collected. The findings demonstrated substantial variability in expertise
on KDTs and usage across different healthcare settings. Only 34.3% of respondents reported the presence of a
dedicated ketogenic therapy team (“ketoteam”), whereas 33.7% indicated no available service within their insti-
tution. Most dietitians (66%) had fewer than five years of experience with KDTs, and 74.3% devoted less than 25%
of their professional time to the management of KDTs. The most commonly employed protocol was the classic
KD (39.4%), with minimal adoption of the Medium-chain triglyceride ketogenic diet (MCT-KD). Reported barriers
included insufficient staffing (42.7%) and inadequate clinical infrastructure (31.7%).
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Conclusions: This survey reveals notable variability in expertise on KDTs and clinical practice among Italian dieti-
tians. KDTs are most frequently applied for obesity and weight management rather than for metabolic or neurological
disorders. These findings underscore the need for targeted educational programs, enhanced multidisciplinary colla-
boration, and clearer delineation of the expertise required for use of KDTs in IMDs, taking into account the diversity
of protocols and their underlying clinical rationales.
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ABBREVIATIONS: IMD — Inherited metabolic disorder, IRCCS — Istituto di Ricovero e Cura a Carattere Scientifico, KD
— Ketogenic diet, KDTs —Ketogenic dietary therapies, MAD — Modified Atkins diet, MCT — Medium-chain triglyceri-
de, MCT-KD — Medium-chain triglyceride ketogenic diet, VLE KD — Very low-energy ketogenic diet.

INTRODUCTION

The ketogenic diet (KD) is a high-fat, low-carbohydrate, moderate-protein dietary regimen designed to
induce a metabolic state known as ketosis, wherein the body shifts its primary energy source from glu-
cose to fats!. This metabolic transition results in the production of ketone bodies — B-hydroxybutyrate,
acetoacetate and acetone — which serve as alternative energy substrates for peripheral tissues and the
central nervous system?,

Specific ketogenic protocols are routinely applied in inherited metabolic disorders (IMDs). The classic
KD is defined by a fixed ratio of fats to combined proteins and carbohydrates (typically 4:1 or 3:1), there-
by maximizing the state of ketosis. Classic KD is particularly effective in managing glucose transporter
type 1 (GLUT1) deficiency syndrome and pyruvate dehydrogenase deficiency, conditions characterized
by impaired glucose transport or metabolism?3.

The medium-chain triglyceride (MCT)-KD utilizes MCTs, which are rapidly converted into ketone bodies.
This allows for a higher carbohydrate intake while maintaining ketosis and is often preferred in patients with
mitochondrial disorders due to its facilitation of efficient energy production and reduced oxidative stress®.

The modified Atkins diet (MAD) represents a less restrictive variant of KD, permitting more liberal
protein consumption and flexible carbohydrate distribution. It is occasionally adopted for patients re-
quiring greater metabolic flexibility or those unable to adhere to the rigidity of classic KD°.

Finally, the low glycemic index treatment emphasizes the intake of carbohydrates with a glycemic index
below 50, stabilizing blood glucose levels while inducing low-to-mild ketosis. Although less stringent, low
glycemic index treatment generally produces a less pronounced ketogenic effect than other protocols®.

Despite its growing popularity and diverse applications, the term ketogenic diet is often used ambig-
uously to describe a broad spectrum of dietary protocols with distinct therapeutic purposes, leading to
confusion in both clinical and non-clinical contexts?. Ketogenic regimens are employed for various indi-
cations, including weight loss’, neurological disorders® and metabolic diseases!. While ketogenic diets
for obesity typically emphasize caloric restriction and fat oxidation, ketogenic dietary therapies (KDTs)
for conditions, such as epilepsy and certain IMDs, are specifically formulated to sustain nutritional ke-
tosis through precise macronutrient manipulation?. IMDs comprise a group of rare genetic disorders
characterized by defects in metabolic pathways that impair the body’s ability to process carbohydrates,
fats, or proteins efficiently®. In these conditions, KDTs serve as an alternative energy source by elevating
circulating ketones, which bypass metabolic blockades and supply energy to tissues — particularly the
brain, which under normal conditions relies predominantly on glucose®.

The implementation of KDTs in IMDs involves several key phases: indication and assessment, wherein
candidates are identified based on clinical evaluation and diagnostic markers; initiation and induction,
referring to the gradual introduction of dietary modifications to establish ketosis while monitoring tol-
erance; and follow-up and monitoring, involving parameters such as blood ketone levels (B-hydroxybu-
tyrate), glycemia, and metabolic biomarkers like acetylcarnitine C231011,

Clinical evidence!? supports the efficacy of KDTs in improving neurological function and metabolic
stability in patients with GLUT1 deficiency syndrome, pyruvate dehydrogenase deficiency and various
mitochondrial disorders. However, side effects — including nausea, vomiting, and gastrointestinal dis-
comfort — may occur, particularly in vulnerable populations?3.

KDTs have also shown promise in improving exercise tolerance, reducing muscle pain and damage,
and potentially restoring physiological function in patients with glycogen storage disease types lll, V, and
VII, underscoring nutrition as a key therapeutic strategy*1.
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To minimize risks and optimize therapeutic outcomes, the implementation of KDTs for IMDs requires
a multidisciplinary approach involving dietitians, metabolic specialists, and physicians. Specific expertise
in both KDTs and dietary management of IMDs is highly desirable?.

This survey aims to provide an overview of Italian dietitians’ expertise with KDTs and their current
clinical application, emphasizing the potential role of KDTs in the nutritional management of IMDs.

SUBJECTS AND METHODS

An online survey was developed by the strategic Working Group on Ketogenic Dietary Therapies of the
Italian Scientific Association for Food, Nutrition and Dietetics (ASAND) (Supplementary Material) to col-
lect relevant data. The survey was disseminated to a range of Italian healthcare professionals, including
dietitians and physicians — specifically neurologists, pediatricians, and endocrinologists — via the mailing
lists and social media channels of ASAND, the Italian League Against Epilepsy (ILAE) and the Italian Soci-
ety for the Study of Inherited Metabolic Diseases and Neonatal Screening (SIMMESN). This distribution
strategy aimed to provide a broad overview of the number of dietitians engaged in the clinical applica-
tion of KDTs in IMDs. To maximize outreach, recipients were encouraged to share the survey with their
professional networks.

The analysis focused specifically on responses from dietitians, as the clinical management of IMDs
often involves complex, multidisciplinary care requiring coordination across multiple hospital depart-
ments and specialized knowledge of KDTs.

Data collection took place between September 2024 and March 2025. The questionnaire included
30 items. The first six questions gathered general information, such as how participants received the
survey, their professional role, the type of employing institution and the availability and composition of
ketogenic therapy services (e.g., dedicated “ketoteams”) within their workplace.

The remaining 24 questions of the survey were organized into four thematic domains related to var-
ious aspects of KDTs:

e Training (Questions 7-9): This section examined whether respondents had received specific training
in KDTs, the type of training undertaken (e.g., residential courses, distance learning, internships), and
whether the courses were national or international. Participants who reported no formal training on
KDTs were directed to Question 28.

Clinical Management and Application (Questions 10-27): This extensive section addressed topics
including years of experience with KDTs; indications for use of KDTs (e.g., obesity, drug-resistant epi-
lepsy, GLUT1 deficiency syndrome, other IMDs); patient demographics (adult or pediatric); routes of
administration of KDTs (oral vs. enteral) and rationale for exclusive enteral use; number of patients
managed with KDTs annually; use of dietary supplements; proportion of professional time dedicated
to patients under KDTs; types of protocols for KDTs implemented [e.g., classic KD, MAD, very low-en-
ergy KD (VLC ED)]; types of foods used (e.g., common foods, foods for special medical purposes);
ketone monitoring practices; tools used for diet planning (e.g., specialized software, Excel); and nu-
tritional follow-up procedures, including personnel involved and assessment methods (e.g., anthro-
pometric measurements, dietary intake analysis, biochemical testing). Several items in this section
permitted open-ended responses, including average duration of KDTs (Q16), specific supplements
used (Q18), and ketone monitoring frequency (Q23).

Barriers to Prescription of KDTs (Question 28): This item investigated obstacles to implementation
of KDTs, such as the absence of dedicated facilities or insufficiently trained staff.

Further Interest and Feedback (Questions 29-31): The final section assessed respondents’ interest
in further education on KDTs, gathered open-ended suggestions, and requested consent to be recon-
tacted for future initiatives.

Multiple answers were allowed for several questions (e.g., Q6, Q8, Q11, Q14, Q21, Q22, Q27, Q28).
Therefore, the total percentages for each question may exceed 100%.

Statistical Analysis

Responses were analyzed using descriptive statistics. Results are reported as absolute numbers (n) and
percentages (%). As this was a multiple-choice survey, participants were permitted to select more than
one response per item; therefore, the total percentages for each question may exceed 100%.
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RESULTS

A total of 175 professionals responded to the survey. Of these, 113 participants received the survey via
ASAND, 6 through SIMMESN contacts, and 56 through social media or other channels.

Respondent Characteristics and Professional Settings

Among the respondents, 49.7% were hospital-based dietitians, 28% were freelance dietitians, and 8.6%
were university-affiliated dietitians. A minority of respondents (8.6%) included dietologists, metabolic
pediatricians, endocrinologists, neurologists, and other professionals with expertise in nutrition.

With regard to professional settings, 46.9% reported working in public hospitals or IRCCS (Istituti di
Ricovero e Cura a Carattere Scientifico — Scientific Institute for Research, Hospitalization and Health-
care), 20% in private outpatient settings, and 18.9% in university hospitals. A smaller proportion worked
in universities, private clinics, rehabilitation centers, or other healthcare structures.

Availability of Ketogenic Therapy Services and Ketoteam Composition

Regarding the presence of a dedicated service for KDTs, 34.3% of respondents reported the availability
of a structured service with a dedicated team (“ketoteam”). In 25.7% of cases, a service for KDTs was
provided without a designated team, while 33.7% reported that no such service was available in their
workplace (Figure 1A).

Among respondents who reported the presence of a “ketoteam” (n = 60), the majority (95.0%, 57/60)
indicated that a dietitian was part of the team. A dietologist was present in 63.3% of teams (38/60), and
a medical specialist — typically a neurologist or endocrinologist — was included in 53.3% (32/60). Nine
respondents (15%) reported the involvement of other nutrition-trained professionals, while 5 (8.3%)
indicated the presence of a pediatrician. Single cases also reported the involvement of other profession-
als, such as an internist or nurse (Figure 1B).

Experience and Clinical Practice with KDTs

A subgroup of 109 respondents provided detailed information regarding their experience and clinical
practice with KDTs unless otherwise specified. Among these professionals, 22.9% reported having <1
year of experience with KDTs, 43.1% had 1-5 years, 14.7% indicated 5-10 years, and 19.3% reported >10
years of clinical experience in this field.

When asked about the number of patients treated with KDTs during the previous year, 37.6% (41/109)
had managed <5 patients. In comparison, 26.6% (29 respondents) had treated 5-10 patients, 16.5% (18
respondents) reported managing 10-20 patients, and 19.3% (21 respondents) had followed >20 patients
over the same time frame.

Regarding patient demographics, the majority of respondents (56.9%, 62/109) reported working pri-
marily with adult patients, while 28.4% (31 respondents) managed both adults and children receiving
KDTs. As for the proportion of work time dedicated to KDTs, 74.3% (81 respondents) indicated that they
devoted <25% of their professional time to this field. In contrast, 20.2% (22 respondents) allocated 25-
50% of their time to KDTs, and only a small minority reported dedicating >50% of their working time to
patients undergoing ketogenic therapy.

Clinical Application of KDTs

In terms of clinical indications for KDTs, 50.5% of the 109 respondents reported its use in the man-
agement of IMDs. Among these, GLUT1 deficiency syndrome was the most frequently cited condition,
reported by 28.4% (31 respondents). Glycogen storage diseases type Ill or V were noted by 8.3% (9
respondents), pyruvate dehydrogenase deficiency by 3.7% (4 respondents), mitochondrial diseases by
3.7% (4 respondents), and other unspecified metabolic disorders by 4.6% (5 respondents).
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Figure 1. A, Service for KDTs and B, Professional figures within a ketoteam.

KDTs were also used for non-metabolic conditions. Obesity was the most frequently mentioned, with
65.1% (71 respondents) indicating its use in this context. Weight loss was reported in 44.0% of cases (48
respondents), headache in 31.2% (34 respondents), drug-resistant epilepsy in 33.0% (36 respondents),
insulin resistance and diabetes in 5.5% (6 respondents), and polycystic ovary syndrome (PCOS) in 3.7%
(4 respondents), as illustrated in Figure 2.

With regard to administration routes, 59.6% (65 respondents) used KDTs via oral solid food, while
37.6% (41 respondents) administered it through enteral nutrition. The choice for enteral administration
was primarily attributed to the ease of management and the lack of training or availability of specialists
for implementing oral KDTs.

The majority of respondents (91.7%, 100/109) reported using dietary supplements alongside KDTs,
most commonly vitamins. Regarding the type of protocols prescribed for KDTs, the classic KD was the
most frequently reported (39.4%, 43 respondents), followed by the VLC ED in 35.8% (39 respondents)
and the MCT-KD in 10.1% (11 respondents).



KETOGENIC DIET IN INHERITED METABOLIC DISORDERS IN ITALY

Pathologies treated with KDTs

Other unspecified metabolic disorders
PCOS

Mitochondrial diseases

PDH deficiency

Insulin resistance and diabetes
Glycogenosis type Il or V
GLUT-1 deficiency syndrome
Drug-resistant epilepsy
Headache

Weight loss

Obesity

5
‘
4
4

6
9

31
36
34
48

71

T 10 20 30 40 5 60 70 80

N=number of respondents

Figure 2. Pathologies treated with KDTs.

Diet Elaboration, Monitoring, and Follow-up

Among the tools used for designing KDTs, Excel was reported as the most common method used by
40.4% of respondents (44/109). Additionally, 30.3% (33/109) of participants reported using general di-
et-creation software, while 10.1% (11/109) used software specifically developed for KDTs. Of the re-
spondents who did not use any specific software (65/109), a substantial proportion — 35.4% (23/65) —
reported prescribing VLE KDs. In terms of dietary components, 74.3% of respondents (81/109) indicated
that common food items formed the primary basis of their KDTs. Foods for special medical purposes
were incorporated by 52.3% (57/109), while non-foods for special medical purposes, food supplements,
were used by 33.0% (36/109), and protein substitutes were reported in 15.6% of cases (17/109).

Monitoring of ketone levels was conducted using urine tests in 43.1% of cases (41/109), while 36.7%
(40/109) of respondents recommended blood testing. Notably, 33.9% (37/109) indicated that they did not
recommend any ketone testing. Within this latter group, approximately half (18/37) frequently prescribed
VLE KD, suggesting a possible association between the protocol type and omission of ketone monitoring.

Follow-up care was reported to be conducted jointly by both a specialized physician and a dietitian
in 52.3% of cases (57/109), while 39.4% (43/109) indicated that follow-up was managed exclusively by
dietitians. Regarding the format of follow-up visits, 55.0% (60/109) were conducted in person, whereas
43.1% (47/109) involved a mixed model combining tele-assistance and in-person visits.

Respondents reported a range of follow-up procedures, most commonly anthropometric assess-
ment (91.7%, 100/109), dietary intake analysis (81.7%, 89/109), objective evaluation of nutritional status
(79.8%, 87/109), and biohumoral tests (71.6%, 78/109). Additional procedures included body composi-
tion analysis (61.5%, 67/109) and instrumental examinations (34.9%, 38/109).

Barriers to Prescription and Availability of Training for KDTs

Only a subgroup of 82 respondents answered the question concerning barriers to prescribing KDTs. The
most frequently cited reason was a lack of personnel, reported by 42.7% (35/82). Inadequate clinical
settings were identified by 31.7% (26/82), while 6.1% (6/82) mentioned time constraints. Additionally,
8.5% (7/82) reported that KDTs were considered unnecessary or inappropriate either by patients or
physicians (Figure 3).
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Figure 3. Reasons for not prescribing KDTs.

Regarding training availability, based on 170 responses to this item, 60.6% (103/170) reported that
structured training courses on KDTs were available. Among those who provided further details (n=119, with
multiple responses allowed), 31.9% (38/119) reported having completed on-site courses, 36.1% (43/119)
indicated participation in telematic courses, and 43.7% (52/119) had access to a mixed training model
combining on-site and remote formats. Additionally, 18.5% (22/119) mentioned hands-on internships. Of
those specifying the language of instruction (n=115), most reported that courses were conducted in Italian
(70.4%, 81/115), while 27.0% (31/115) reported availability in both Italian and other languages.

DISCUSSION

The findings from this survey reveal substantial heterogeneity in both the expertise and clinical applica-
tion of KDTs among Italian dietitians, particularly in the management of IMDs.

Over the past three decades, the KD has gained recognition as a promising therapeutic intervention for a
range of inborn errors of metabolism®'>8, Its most well-established application is in GLUT1 deficiency syn-
drome, where KDTs have been associated with marked improvements in epileptic seizures and movement
disorders. Nevertheless, some symptoms may remain refractory to dietary intervention®®. Positive outcomes
have also been reported in subsets of patients with mitochondrial diseases?>?, with evidence of seizure re-
duction and enhanced cognitive function, as well as in pyruvate dehydrogenase complex deficiency??, where
benefits include improvements in lactic acidosis, psychomotor development and neurological symptoms.

KDTs have demonstrated therapeutic potential in muscular glycogen storage diseases as well. In patients
with Glycogen storage disease (GSD) type V, improved patient-reported outcomes have been documented?.
In GSD llI, reductions in cytokines (CK) levels, along with improvements in cardiomyopathy and hepatopathy,
have been reported?%. Furthermore, specific studies have validated the role of KDTs in the management
of other rare metabolic conditions. For example, resolution of neurological symptoms and normalization of
electroencephalogram activity have been observed in congenital hyperinsulinism due to a glucokinase mu-
tation®. Similar findings have been documented in animal models of succinic semialdehyde dehydrogenase
deficiency, where KD led to the normalization of ataxia and electroencephalogram (EEG) patterns?2,

Despite these encouraging outcomes, the implementation of KDTs requires careful clinical oversight
due to the potential for adverse effects. Various dietary protocols, including the classic KD, MAD and
MCT-KD, have been employed in clinical case series and reports. Commonly reported side effects in
patients with IMDs include gastrointestinal disturbances such as nausea, vomiting, and constipation, as
well as metabolic complications including hyperlipidemia, hyperuricemia, and hypercalciuria®®. These ef-
fects are often observed during the initial months of treatment and underscore the need for long-term
patient follow-up. Notably, tolerability profiles differ by condition. For instance, patients with mitochon-
drial diseases may be at increased risk for hypoglycemia and metabolic acidosis?®?°, while individuals
with GSD V often tolerate the diet well, with few or no adverse effects reported®.
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These findings underscore the importance of proactive monitoring and individualized management
to safeguard metabolic stability and ensure long-term adherence to KDTs. The role of dietitians and
multidisciplinary care teams is therefore critical in optimizing both safety and therapeutic outcomes for
patients with IMDs undergoing ketogenic therapy3®3.,

It would be valuable for future research to compare these findings — such as the percentage of struc-
tured “ketoteams”, dietitians’ years of experience, and time allocated to KDTs — with data from other
countries or prior Italian studies. Such comparisons would help determine whether the observed chal-
lenges are unique to the Italian context or reflect broader international trends.

In this survey, the majority of participating dietitians reported using the VLE KD predominantly for obesity
and weight loss. These clinical applications follow protocols and practices that differ markedly from those
used in the management of epilepsy or IMDs, where therapeutic KDTs require more stringent macronutri-
ent manipulation and closer monitoring. This finding suggests that the number of dietitians with specific
expertise in therapeutic ketogenic protocols may be limited, effectively narrowing the workforce available
to manage patients with IMDs who require such specialized interventions. In this context, it is important to
clarify some of the differences between VLE KD and KDTs used for neurological and neurometabolic disor-
ders, including IMDs. The term ketogenic diet refers to all those regimens that determine the production and
maintenance of circulating ketone bodies but sometimes it is applied even to diets that do not induce ketosis
at all>. Moreover, the use of the term implies that “ketosis” is a key part of the diet’s therapeutic mechanism.
While this is true for conditions such as epilepsy®?> and GLUT1 deficiency syndrome (GLUT1-DS)* or other
IMDs, where ketone bodies serve as an alternative energy source for the brain, the role of ketosis in treating
obesity, when achieved, remains unclear and is limited to a debated effect on appetite suppression®*. Anoth-
er distinction is related to calories and macronutrient prescription. Energy prescription in classic ketogenic
diet (CKD), MCT-KD, and MAD protocols is tailored to individual needs. Consequently, these are typically eu-
caloric dietary regimens, with caloric intakes ranging from 500 kcal/day (for infants) to 2,500 kcal/day or more
(for normal-weight adults)?. In contrast, VLE KDs, aiming at weight loss, allow for ad libitum calorie intake, al-
though they often lead to a spontaneous reduction in energy consumption through various mechanisms3>36,
By definition, very low-calorie ketogenic diets are strictly hypocaloric, reaching a maximum of 700-1,000
kcal/day*’. Moreover, in KDTs, protein intake is ‘controlled’, although adequate to reach the recommended
intakes, in order to avoid a reduction in ketosis, while fats are encouraged. On the other side, VLE KDs still
‘control’ protein intake but at the same time, also reduce fat intake, relying more on endogenous fats from
adipose tissue instead of the exogenous ones*®*,

The availability of dedicated ketogenic therapy services remains highly variable across healthcare
settings. This inconsistency appears to be compounded by key barriers identified in the survey, most
notably the lack of adequately trained personnel and the inadequacy of clinical infrastructure. These
two factors were cited as the main reasons for not prescribing KDTs by a substantial proportion of re-
spondents. The situation is further exacerbated by the limited time professionals are able to dedicate
to activities related to KDTs. Indeed, 74.3% of respondents reported spending less than 25% of their
working hours on management of KDTs, highlighting a systemic limitation in resource allocation.

Altogether, these findings underscore the urgent need to enhance dedicated services for KDTs — both
in terms of institutional settings and the availability of trained personnel — to ensure adequate care
for patients requiring nutritional therapy for IMDs. Addressing these barriers is essential for the devel-
opment of structured “ketoteams”, the diffusion of best practices, and the long-term sustainability of
programs on KDTs within multidisciplinary care frameworks.

Furthermore, the survey revealed that professional experience with KDTs is still in a developmental
stage, with approximately 66% of dietitians reporting fewer than five years of experience in this area.
While 60.6% of respondents indicated the availability of training courses on KDTs — delivered through
various formats, including residential, remote, and hybrid models — the observed variability in the clini-
cal application and monitoring of KDTs suggests that the current training landscape may not guarantee
uniform or standardized practice across professionals.

This inconsistency, when combined with the limited clinical experience reported by many respon-
dents, likely contributes to the heterogeneity observed in the implementation of KDTs. These findings
underscore the urgent need for standardized frameworks for clinical practice, including well-defined
ketogenic protocols tailored specifically for IMDs. Standardized training curricula, endorsed by expert
consensus, could help reduce practice variation and enhance the quality of patient care.

The data also indicate a marked preference for traditional ketogenic modalities, particularly the classic
KD, while the use of MCT-KD and the MAD appears limited. Although the survey identified which type
of KDTs was most frequently used (Question 20), it did not explore the reasons behind this preference.
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However, a detailed interpretation can be provided based on clinical rationale, as the choice of protocol
is highly dependent on the specific metabolic condition being treated. For instance, in GLUT1 deficiency
syndrome, the classical ketogenic diet remains the first-line treatment due to the critical need for stable
and sustained ketosis. Conversely, in mitochondrial diseases, the use of ketogenic diets is approached with
caution due to the inherent risks of hypoglycemia and lactic acidosis. In conditions such as muscle glycogen
storage diseases, the classical ketogenic diet may not be strictly necessary; indeed, the modified Atkins
diet (MAD) is frequently a suitable and effective alternative in these cases. Historically, the therapeutic
use of ketogenic diets has evolved significantly: the classical diet was introduced in the 1920s, followed
by the development of the Medium-Chain Triglyceride (MCT) ketogenic diet in the 1970s, and later, the
MAD. Each of these protocols can have a different impact on the stability of nutritional ketosis, and the
selection of the most appropriate diet should be individualized*®3.. In addition to these clinical rationales,
several plausible factors may account for the underuse of MCT-KD and MAD, including limited familiarity
due to insufficient training, the higher cost or reduced availability of MCT-based products, which might
not be covered by the national healthcare system for all IMDs, and a perception of increased complexity
in the dietary planning and follow-up required. These aspects merit further investigation in future studies.

It is important to note that VLE KDs, while frequently reported in this survey, are not appropriate for
the management of IMDs, as the underlying rationale, nutritional goals, and patient monitoring strate-
gies differ significantly from those of KDTs used in clinical metabolic care.

At present, the main protocols for KDTs applied in the management of IMDs include classic KD, MCT-
KD, and MAD.

Moreover, it remains unclear whether a stable state of ketosis and specific blood ketone levels is
required for each IMD**2, The state of ketosis can be an extremely important marker for developing KD
plans, as it depends on the daily grams of carbohydrates and the proportion relative to other nutrients
like fat and protein. This also impacts the management and dietary complexity of the patient. Therefore,
the types of protocols applied for individual IMDs need to be studied in greater depth to achieve maxi-
mum efficacy with minimal impact on quality of life and overall nutritional risk, considering the potential
side effects reported in IMDs and the issue of poor long-term adherence. Given the intrinsic metabolic
fragility of these patients, the application of KD therapy can expose them to greater risks, making careful
specialist evaluation and rigorous clinical monitoring essential. The fundamental difference compared
to the VLE KD for obesity lies precisely in the therapy’s duration and purpose. For inherited metabolic
disorders, the diet is a chronic, often lifelong, treatment that acts as a true metabolic therapy through
diverse mechanisms of action. One is to bypass a genetic defect of metabolism and provide the ner-
vous system and the body with an alternative fuel (ketones) from fat if other nutrients cannot be used
efficiently, while for other IMDs, KDTs could have an indirect effect based on mitochondrial biogenesis,
neurotransmitter metabolism, and antioxidant effect.

Limitations

It is important to acknowledge several limitations in this study. Firstly, there may be a selection bias, as
dietitians with a particular interest or involvement in KDTs might have been more inclined to participate.
Secondly, the data are self-reported and thus reliant on participants’ recall and perception, which could
introduce some inaccuracies.

Another limitation of this study is the relatively small sample size, which may affect the generalizabil-
ity of the findings. Although efforts were made to reach a broad audience through the Italian Scientific
Association for Food, Nutrition and Dietetics (ASAND) and the Italian Society for the Study of Inherited
Metabolic Diseases and Neonatal Screening (SIMMESN) and the Italian League Against Epilepsy (ILAE),
it is possible that some professionals across the country were not reached. This may have occurred if
they were not affiliated with either scientific society or were not informed by their colleagues, thereby
limiting the representativeness of the sample.

Additionally, as a quantitative tool, the survey may not have fully captured the complexity and nuances of
clinical practice and decision-making involved in the implementation of KDTs. The structured format may have
constrained the expression of context-specific challenges or innovative adaptations in real-world settings.

Despite these limitations, the findings of this study highlight the necessity of expanding targeted
educational programs and fostering multidisciplinary collaboration. Differentiating the expertise of di-
etitians who apply KDTs for IMDs is essential, particularly given the diverse protocols and underlying
pathophysiological rationales involved. Future efforts should focus on optimizing the availability of ser-
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vices, ensuring the presence of dedicated “ketoteams”, and promoting ongoing professional develop-
ment to support the adoption of evidence-based protocols for KDTs tailored to IMDs.

Standardizing clinical care pathways, including the integration of telemedicine tools for follow-up and
patient monitoring, could help overcome current limitations in accessibility and continuity of care. In paral-
lel, qualitative studies are needed to explore more deeply the perceived barriers, training needs, and con-
textual constraints experienced by dietitians working with KDTs in the management of IMDs. Furthermore,
investigating the clinical impact of implementing standardized multidisciplinary teams would provide valu-
able insights into patient outcomes and service efficiency. Such research could contribute to the design of
tailored interventions aimed at improving the quality of care in this highly specialized and evolving field.

CONCLUSIONS

This survey highlights considerable variability in the expertise and clinical application of KDTs among
Italian dietitians, particularly in the context of metabolic and neurological disorders. To address this het-
erogeneity and improve the quality of care, the standardization of protocols and the implementation of
specific training for healthcare professionals — integrated within a multidisciplinary team — are essential
to ensure structured, consistent, and effective therapeutic approaches. These findings underscore the
need to expand targeted educational initiatives, promote interdisciplinary collaboration, and clearly
define the specialized skills required for dietitians applying KDTs for IMDs, considering the diverse pro-
tocols and underlying clinical rationales involved.
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