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ABSTRACT - Background: Maple syrup urine disease is an inherited metabolic disorder caused by defective bran-
ched-chain amino acid catabolism. Optimal management requires maintaining plasma branched-chain amino acid
concentrations within the target reference range, primarily through a strict, lifelong low-natural-protein diet sup-
plemented with a branched-chain-free amino acid mixture, which substantially affects social functioning and is of-
ten particularly difficult to sustain during adolescence. This study aims to evaluate the feasibility of implementing
a relaxed diet —a more flexible low-protein dietary regimen —in individuals with classic maple syrup urine disease.

Case Report: We performed a comparative assessment of plasma amino acid concentrations and nutritional
profiles in a young adult with classic maple syrup urine disease following 7 years on a conventional diet (from 2011
to 2018) and 7 years on a relaxed dietary regimen (from 2018 to 2025). The median plasma leucine concentration
during the conventional diet was 217.1 mmol/L (range 172.9-417.5), compared with 131.3 mmol/L (range 101.4-
180.2) during the relaxed diet (p=0.004); isoleucine and valine values were within reference range for both diets.
The patient demonstrated active engagement in dietary self-management and consistently selected appropriate
portion sizes based on protein content. The overall nutritional composition of the two dietary regimens was com-
parable, with adequate provision of both simple and complex carbohydrates to meet daily energy requirements.

Conclusions: A simplified and relaxed diet promotes increased long-term compliance, particularly in adole-
scent patients transitioning from pediatric to adult care. It should be proposed only to selected patients; close
monitoring of plasma amino acids is required to prevent acute metabolic decompensation.

KeEYWORDS: Classic maple syrup urine disease, Branched chain amino acids, Leucine, Relaxed diet, Adherence,
Nutritional counseling.

ABBREVIATIONS: MSUD: Maple Syrup Urine Disease; BCAA: branched-chain amino acids; BCKD: branched-chain
a-ketoacid dehydrogenase; LARN: Recommended Nutrient and Energy Intakes.

INTRODUCTION

Maple syrup urine disease (MSUD) is an autosomal recessive hereditary metabolic disorder caused by
reduced activity of branched-chain a-ketoacid dehydrogenase (BCKD), a mitochondrial multienzyme
complex that catalyzes the oxidative decarboxylation of branched-chain ketoacids in the second step of
the catabolic pathway of the branched-chain amino acids (BCAA), leucine, isoleucine and valine®.

Based on the residual enzymatic activity, four metabolic phenotypes of MSUD are classified in de-
creasing order of severity: classic, intermediate, intermittent, and thiamine-responsive forms2,
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Current therapeutic options for MSUD include liver transplantation or a strictly low-protein diet®. The
dietary approach involves a restricted intake of leucine from natural food sources, combined with supple-
mentation using a BCAA-free amino acid mixture to meet the daily protein requirements. The diet must
provide adequate amounts of energy and macro- and micronutrients to prevent catabolism and maintain
the patient’s overall health status?. In patients with the classic form of MSUD, the prescribed daily leucine
intake is usually fixed and is reduced in the event of intercurrent illness or when elevated plasma leucine
levels are detected during routine monitoring?, performed weekly in the first 6-12 months of life and grad-
ually extended later®. The goal of dietary treatment is to maintain BCAA levels within the age-specific safe
range in order to prevent neurological damage caused by acute metabolic decompensation.

Dietary rigidity has a significant impact on the quality of life of patients and their caregivers, espe-
cially during adolescence, when dietary restrictions, invasive medical procedures, and physical abnor-
malities may interfere with the development of self-esteem®. During this period, adherence to dietary
treatment is easily compromised.

The risk of neurological deterioration resulting from acute leucine intoxication, combined with the
need to adhere lifelong to a highly restrictive diet, makes liver transplantation a valid therapeutic option
for patients with the classic form of MSUD™.

A simplified or relaxed diet has been proposed for patients with tyrosinemia® and PKU”2. It has been shown
to improve compliance in both the patient and their family, without compromising the patient’s clinical progress.

We describe the clinical and biochemical course of a classic MSUD patient who switched from a strict
to a relaxed diet.

CASE PRESENTATION

We analyzed and compared the longitudinal trends of BCAA plasma concentrations over two consec-
utive 7-year periods (from 2011 to 2018 and from 2018 to 2025) — one under a conventional dietary
regimen and the other under a relaxed dietary regimen — in a patient with classic MSUD followed at the
Metabolic Rare Disease Unit, Fondazione IRCCS San Gerardo dei Tintori, Monza, Italy. Written informed
consent for publication was obtained from the patient.

The conventional diet included (Figure 1):

— A daily leucine intake of 350 mg/day from milk, cheese, vegetables and legumes (using equivalent
food lists), which was reduced in case of intercurrent iliness or when elevated plasma leucine levels
were detected during monthly BCAA monitoring;

— Sufficient caloric intake, achieved through commercially available low-protein products and natural
foods with negligible protein content, which were considered protein-free (fresh fruit, fruit juices,
jam, sugar, extra virgin olive oil, butter, lard, ketchup, and tomato sauce);

— Total protein intake, covered by a BCAA-free amino acid mixture;

— Supplementation with L-valine and L-isoleucine, administered on alternate days.

Conventional diet

VAL ILE
350 mg leucine Non-protein BCAA-free Valine and
energy intake amino acid mixture isoleucin

Figure 1. Composition of the maple syrup urine disease conventional diet.
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The relaxed diet (Figure 2) maintained the same structure as the conventional diet in terms of total
calories and protein amount, achieved through the BCAA-free amino acid mixture and supplementation
with L-valine and L-isoleucine. However, the leucine intake was not fixed on a daily basis. Instead, the
patient adjusted the amount and type of leucine-containing foods according to appetite; milk, cheese,
legumes or vegetables were the allowed food sources, but they were consumed in unmeasured quan-
tities. For food selection, the patient chose from the food groups permitted within the conventional
lacto-vegetarian diet. Owing to her excellent familiarity with the exchange lists used in the previous
dietary regimen, she was well aware of the higher-protein foods among those allowed. This good level
of dietary education enabled her to make appropriate choices and avoid excessive protein intake despite
not weighing foods.

Relaxed diet

VAL ILE
Unweighed and self-managed Non-protein BCAA-free Valineand
leucine intake energy intake amino acid mixture isoleucin

Figure 2. Composition of a relaxed diet.

Plasma amino acid quantification was performed on a monthly basis. Plasma BCAA levels were con-
sidered adequate when leucine concentrations ranged between 75 and 300 umol/L, and valine and
isoleucine concentrations ranged between 200 and 400 umol/L3. The values were collected during met-
abolic stability, and the patient did not experience severe metabolic decompensation during the obser-
vation period.

We analyzed 2 days of food diaries brought to view during follow-up visits (every 6 months up to age
18, then yearly) to verify caloric and macronutrient and micronutrient intake. The nutritional intake of
the diet was expressed as mean + standard deviation (SD). The data collected was used to evaluate nutri-
tional adequacy through a comparison with the reference levels for the Italian population (LARN, Livelli
di Assunzione di Riferimento di Nutrienti ed energia per la popolazione italiana)®. The patient’s stature,
weight growth, and basal metabolism were calculated with indirect calorimetry.

Data Analysis

The average amino acid value was calculated per year of diet. The Wilcoxon rank sum test for non-paramet-
ric data was used to compare the median values of leucine during the standard and auto-regulated diet.
Patient Description

The patient described is an adult female diagnosed with classic neonatal-onset MSUD due to a com-
pound heterozygosis in the BCKDHA gene (c.632C>T/c.1312T>A). She exhibited no significant neuro-

logical deficits, and her intelligence quotient (1Q) fell within the normal range. Both the patient and her
family demonstrated consistent compliance and adherence to the prescribed dietary regimen.
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She adhered to a conventional diet from diagnosis, at approximately 10 days of age, until adolescence,
after which she transitioned to a relaxed diet during her teenage years. In our analysis, the conventional
diet spans from ages 10 to 16 years, while the relaxed diet is observed from ages 17 to 23 years.

In both observation periods, the patient exhibited normal statural-ponderal growth, with a body
mass index (BMI) around the 50% percentile during childhood and an average BMI of 20 in adulthood.

Comparative Nutritional Intake

The comparison of the nutritional intake of the two diet regimens is reported in Table 1. With “Diet 1”
we referred to the strict conventional diet, while with “Diet 2” to the relaxed one.

In the relaxed diet (“Diet 2” in Table 1), caloric intake was relatively stable and less variable, as the
patient had completed the pubertal growth spurt and had entered adulthood. In contrast, during the
conventional diet phase, the patient was undergoing rapid somatic growth, necessitating a higher calor-
ic supply; caloric intake was also increased during intercurrent ilinesses typical of the school-age period
to prevent acute metabolic decompensation.

Table 1. Comparison of the nutritional intake of conventional and relaxed diets: mean and standard

deviation over 7 years.

Type Energy Synthetic Synthetic Total Fat Carbo- Leucine
of (kcal/day) proteins  proteins protein (%) hydrates (g)
diet (g/day)  (g/kg) (s/kg) (%)

1 1,815£545.5 49.2+14.1 0.95%0.2 1.0240.2 22.145.9 65+4.9 35

2 1,6561206.2 75.6 13 1.41+0.03  13.417.9 65.417.2 2.6:0.4

Complex and simple carbohydrates predominantly provided daily caloric intake, as the patient con-
sumed large quantities of low-protein pasta and fruit mousse to facilitate the administration of a BCAA-
free amino acid mixture.

In terms of protein intake, the BCAA-free amino acid mixture accounted for almost all of total daily
protein intake in both diets (93% in the type 1 diet and 96% in the type 2 diet).

In the relaxed diet, the average daily intake of leucine was lower compared to the conventional diet.
The patient’s leucine intake came from the consumption of larger portions of salad, or small bites of
sweet treats, or a spoon of ice cream. The patient did not weigh the food but was well aware of the
food’s protein content and balanced the portions accordingly. The patient reported that she never ex-
ceeded a daily maximum intake of leucine higher than 400 mg. The patient independently reduced or
suspended her leucine intake during infectious episodes, during her menstrual cycle, and if she was not
hungry; subsequently, she reintroduced foods that provide leucine according to her appetite.

Dietary fat intake, which was always low on average, further decreased from 22.1% to 13.4%. The
daily condiments used, as recorded in the food diaries, remained unchanged (mainly extra virgin olive
oil); the reduction is attributable to a reduction in the use of glucolipid mixtures, which were consumed
daily during the school years.

Vitamins and minerals consistently met the LARN for age and sex in both diet categories, thanks to
the supplemented synthetic amino acid mixture without BCAAs. Additionally, vitamin D supplementa-
tion was administered separately in both diet categories, as plasma levels were found to be deficient.

Comparison of Plasma BCAA Trends
The median plasma levels of valine and isoleucine during the 7 years on both the conventional and re-

laxed diets were comparable, as the patient consistently adhered to the prescribed supplementation of
L-valine and L-isoleucine to achieve plasma levels within the recommended guidelines (Figure 3).
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Figure 3. Median isoleucine, leucine and valine
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In contrast, the plasma leucine levels were lower with the relaxed diet [median 131.3 mmol/L
(range 101.4-180.2)] than with the conventional one [median 217.1 mmol/L (range 172.9-417.5),
p=0.004] (Figure 4).
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Figure 4. Leucine values. Each dot represents
the average value per year.
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DISCUSSION

Analysis of plasma branched-chain amino acid trends over the seven-year periods of both the conven-
tional and relaxed dietary regimens demonstrates that, despite the increased flexibility of the relaxed
diet, the patient consistently maintained plasma levels within the normal range. Notably, these values
were significantly lower than those observed during the conventional diet. Although the relaxed regi-
men allowed unrestricted leucine consumption, the patient voluntarily maintained a lower daily intake
than the fixed amount prescribed under the conventional diet. This behavior reflects both her consid-
erable self-regulation and the impact of ongoing nutritional education provided to the patient and her
caregiver, which enables informed portion selection based on the protein content of chosen foods.

As part of proper nutritional education, the patient consumed a substantial proportion of plant-de-
rived proteins, which are generally less digestible!?; it is therefore plausible that days on which only
plant-based proteins are consumed may counterbalance the higher protein intake on days when animal
proteins are included.

Indeed, the patient proved to be an ideal candidate for a more flexible diet, due to her consistent ad-
herence to dietary indications and a well-established awareness of food protein content, which resulted
from a lifelong active involvement in dietary management of the patient and her family.

For patients with maple syrup urine disease, structured and continuous nutritional counseling at
each clinical visit is essential to foster both knowledge and autonomy in dietary management. Estab-
lishing a therapeutic alliance with patients enhances adherence to dietary therapy, which is inherently
challenging due to its restrictive nature, its potentially life-long duration and its impact on social inter-
actions. Involving caregivers in this process, always in the presence of the child, facilitates the gradual
acquisition of self-management skills that will be valuable into adulthood. Nutritional counseling has
demonstrated its importance across various disorders, as it positions the patient as an active participant
in therapy rather than a passive recipient of dietary prescriptions®?.

The integration of these skills with a more flexible, easier-to-follow dietary regimen promotes inde-
pendence and preserves social participation. This balance is critical to maintaining long-term adherence
to dietary therapy without compromising quality of life.

The feasibility of a more relaxed diet in a patient with poorer dietary adherence still has to be as-
sessed.

The patient expressed great satisfaction with her new diet because it allowed her to expand her
social life by eating out and traveling without family. The patient demonstrated great attentiveness and
responsibility, and since the new diet proved safe, it was definitively approved.

CONCLUSIONS

A simplified and relaxed diet promotes increased long-term compliance, particularly in adolescent pa-
tients transitioning from pediatric to adult care.

Nutritional counseling is essential for both the patient and their caregiver, enabling them to be-
come active participants in the care process. Furthermore, educating the patient on general principles
of healthy eating proved valuable in this case, guiding appropriate food choices and preventing daily
leucine intake from being obtained predominantly through unhealthy or “junk” foods.

This approach is not applicable to all patients with classic MSUD and requires frequent monitoring of
plasma BCAA levels. It should be proposed and implemented with great caution, as it may expose the
patient to a risk of metabolic decompensation.

This approach may also be considered for non-classic forms of MSUD, where the risk of severe met-
abolic decompensation is lower.
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