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ABSTRACT

Objective: Organic acidemias (OAs) are metabolic disorders characterized by enzyme deficiencies that impair amino acid
catabolism, leading to metabolic imbalances. Essential fatty acids (EFAs), particularly Omega-3 and Omega-6, are vital for
cellular and neurological functions but are often affected by protein-restricted diets used in OA management. The aim of this
study was to evaluate the plasma EFA levels in OA patients and explores their clinical relevance.

Materials and Methods: A prospective, case-control design was adopted, including 26 OA patients (methylmalonic acidemia,
propionic acidemia, isovaleric acidemia, maple syrup urine disease) and 22 healthy age- and gender-matched controls. Plasma
EFA levels were quantified via gas chromatography-mass spectrometry. Cognitive and psychiatric evaluations were performed
using standardized tests, including DSM-V-TR criteria, Wechsler Intelligence Scale for Children, and other psychometric tools.
Statistical analyses assessed the relationships between EFA levels and clinical findings.

Results: Organic acidemias patients exhibited significantly lower levels of docosahexaenoic acid (DHA), eicosapentaenoic acid
(EPA) + DHA, and Omega-3 compared to controls, with higher Omega-6/0Omega-3 ratios. Despite these findings, no significant
correlations emerged between EFA levels and cognitive or psychiatric outcomes.

Conclusion: EFA deficiencies are prevalent among OA patients on protein-restricted diets, underscoring the potential need
for targeted nutritional interventions. However, the absence of a direct association with clinical findings suggests multifactorial
influences on disease outcomes. Future research should explore the longitudinal effects of EFA supplementation and its role in

mitigating neurodevelopmental impairments in OA.
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Introduction

Organic acids are compounds with weak acidic properties
that contain carbon skeletons. In patients diagnosed with
organic acidemia, there is a deficiency in the enzymes
responsible for amino acid catabolism. As a result, organic
acids, which emerge as intermediate metabolites during
physiological processes, accumulate and disrupt acid-
base balance and intracellular biochemical and metabolic
pathways. To date, many types of organic acidemia have
been identified. The most common group involves disorders
of branched-chain amino acid metabolism, including maple
syrup urine disease (MSUD), methylmalonic acidemia
(MMA), propionic acidemia (PA), and isovaleric acidemia

(IVA). Other frequently seen types are biotin-unresponsive
3-methylcrotonyl-CoA carboxylase deficiency, 3-hydroxy-
3-methylglutaryl-CoA (HMG-CoA) lyase deficiency, and
ketothiolase deficiency (1).

The analysis of organic acids in urine is crucial for diagnosing
organic acidemia. The diagnosis is confirmed through
high-performance liquid chromatography (HPLC), gas
chromatography-mass spectrometry (GC-MS), or tandem
mass spectrometry, followed by enzyme and DNA analyses
(2). A key principle of treatment is the rapid removal of toxic
substrates and the early implementation of dietary therapy
by restricting specific nutrients. This approach increases
long-term survival and reduces complications. Patients
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with organic acidemia must avoid not only animal-based
foods but also some plant-based foods with high protein
content. Severe protein restriction can be compensated by
consuming specialized amino acid mixtures that lack critical
amino acids. However, dietary protein restrictions may lead
to reduced intake of amino acids, vitamins, trace elements,
and polyunsaturated fatty acids (3).

Fatty acids are named according to the position of their first
double bond from the terminal omega carbon, resulting in
classifications such as Omega-3, Omega-6, Omega-7, and
Omega-9. Essential fatty acids, which the body cannot
synthesize and must be obtained from the diet, cause
characteristic symptoms when deficient. While humans can
produce saturated and monounsaturated fatty acids, they
cannot generate the double bonds present in Omega-3 and
Omega-6 fatty acids, making these two critical members of
the essential fatty acid group (4).

This study aimed to determine the levels of essential fatty
acids in patients with organic acidemia on protein-restricted
diets and to evaluate the clinical significance of essential
fatty acid deficiencies.

Materials and Methods

This study was designed as a prospective, cross-sectional
case-control study. It included 26 patients diagnosed with
organic acidemia (MMA, PA, IVA, MSUD) who had been
followed for at least six months at the Metabolism and
Nutrition Outpatient Clinic of the Ankara Pediatric Hematology
Oncology Training and Research Hospital. All patients over
six months old who applied between January 2018 and
October 2018 were included in the study. Patients with
cobalamin-related hyperhomocysteinemia were excluded.
Informed consent was obtained from all participants.

During routine follow-up visits, patients were informed about
the study, and their physical examinations were conducted
by a metabolic specialist. Measurements, including head
circumference, body weight, and height, were recorded and
evaluated against standard growth curves. The findings from
physical examinations were documented. On the same day,
blood samples were taken for routine tests and serum lipid
profiling. Blood samples for essential fatty acid analysis were
collected in heparin tubes after at least three hours of fasting.
A minimum of 3 cc of blood was collected, centrifuged, and
stored at -80°C until analysis. For comparison, the control
group included 23 healthy children of similar age and gender
who were followed at the general outpatient clinic.

The specific amino acid mixtures provided to the patients were
as follows:

+ MMA and PA patients: OS-1® or 0OS-2®, containing
restricted valine, isoleucine, methionine, and threonine.

+ IVA patients: Leu-1® or Leu-2®, containing restricted
leucine.

+ MSUD patients: MSUD-1® or MSUD-2®, containing
restricted valine, leucine, and isoleucine.

All samples from the patients and controls were analyzed
together in a single batch. Essential fatty acid levels were

measured using gas chromatography-mass spectrometry
(GC-MS) following the SIM analysis method. Plasma samples
underwent methylation and hydrolysis before being injected
into the Shimadzu GCMS QP 2010SE device. The column
oven temperature was gradually increased from 100°C to
220°C, with the helium gas flow set at 1 mL/min. Results
were expressed as percentages.

On the same day as their physical examinations, the patients
were evaluated by a child psychiatrist. If a same-day
psychiatric evaluation was not feasible, it was conducted
within 1-3 months during subsequent follow-up visits.
Psychiatric evaluations were carried out in accordance
with DSM-V-TR criteria (Diagnostic and Statistical Manual
of Mental Disorders). Depending on the patients’ age,
screening tools or cognitive tests were administered.
Cognitive assessments included: Ankara Developmental
Screening Inventory (AGTE), Stanford-Binet Intelligence
Test, and Wechsler Intelligence Scale for Children — Revised
Version (WISC-IV) (5-7). For patients whose developmental
and cognitive levels permitted, additional psychometric
tests, such as the Stroop Test and Cancellation Test, were
used to assess attention. IQ levels were classified as follows:
Bright intelligence (IQ>120), Normal cognitive function (IQ
90-120), Borderline intelligence (IQ 80-90), Mild cognitive
delay (IQ 70-80), Moderate cognitive delay (IQ 50-70), and
Severe cognitive delay (1Q<50).

Statistical analysis:

All data were analyzed using IBM Statistical Package for the
Social Sciences, version 20.0 (SPSS Inc., Armonk, NY, IBM
Corp., USA). The Mann-Whitney U test and Independent
samples T test were used for comparing two independent
groups by distribution type. For comparisons involving more
than two groups, the Kruskal-Wallis one-way analysis of
variance was used. Categorical data were analyzed using
the Chi-square test. Relationships between quantitative
variables were assessed using Spearman’s rank correlation
analysis. Descriptive statistics were expressed as mean and
standard deviation (SD) for normally distributed variables
and as median (minimum-maximum) for non-normally
distributed variables. Categorical variables were expressed
as frequencies and percentages. Statistical significance was
set at p < 0.050.

Results

This study included 26 patients diagnosed with branched-
chain amino acid metabolism disorders (MSUD, MMA, PA,
IVA). Of these patients, nine (35%) had MSUD, seven (27 %)
had MMA, five (19%) had PA, and five (19%) had IVA. The
ages of the patients ranged from four months to 24 years,
with a mean age of 6.31+5.45 years (median; 5.34 years). Of
the total patients, 17 (65.4%) were male, and nine (34.6%)
were female. The age at diagnosis ranged from the neonatal
period to eight years, with a median age of one month and
a mean age of 1.01 +2.18 years. The average total protein
intake was 2.06+0.48 g/kg/day, while the natural protein
intake averaged 0.87+ 0.17 g/kg/day.

Psychiatric assessments were not performed on five of the
patients. Among the remaining 21 patients, 14.3% (n=3)




Cognitive function among patients with organic acidemias 3

Table I: Cognitive and psychiatric assessments of the patient|

Cognitive Evaluation
Normal intelligence 3( )
Borderline intelligence 3( )
Mild cognitive delay 8 (38.1)
Moderate cognitive delay 4 ( )
Severe cognitive delay 3( )

Psychiatric Diagnosis
No diagnosis 5 ({
Attention-Deficit/Hyperactivity Disorder (ADHD) 1(
Specific learning disorder 1(
Autism 1
Autism + Cognitive Delay 3(
Cognitive Delay only 10

*n (%)

Table II: Serum lipid profiles of the patient group

Values*
143.04+39.34
107.92+52.08

Lipid Parameter

Total cholesterol (mg/dL)

Triglycerides (TG) (mg/dL)

HDL (mg/dL) 48.89+13.84

LDL (mg/dL) 71.88+£32.21

VLDL (mg/dL) 21.49+10.87
*: mean+SD

had normal cognitive function, while the majority (52.4%,
n=11) were classified with borderline intelligence or mild
cognitive delay. In 33% (n=7) of the patients, moderate to
severe cognitive delay was observed. Table | summarizes the
cognitive and psychiatric assessments of the patients.

Table Il summarizes the serum lipid profiles of the patient
group. The mean total cholesterol level was 143.04+39.34
mg/dL, indicating overall cholesterol values within a generally
acceptable range. Triglyceride levels averaged 107.92+
52.08 mg/dL, showing moderate variability among patients.
The mean HDL cholesterol level was 48.89+13.84 mg/dL,
reflecting relatively favorable protective lipid levels, while
LDL cholesterol averaged 71.88+32.21 mg/dL. Additionally,
the mean VLDL level was 21.49+10.87 mg/dL. Overall, the
lipid profile suggests a balanced lipid status in the patient
group, with considerable interindividual variation.

No statistically significant differences were observed
between groups for ALA and EPA levels (p=0.103 and
p=0.062, respectively). However, DHA levels were markedly
lower in the patient group compared with controls (p=0.001).
While linoleic acid (LA), DGLA, and arachidonic acid (AA)
levels were similar between groups, combined EPA+DHA
and total omega-3 fatty acid levels were significantly
reduced in patients (p=0.001). In contrast, omega-6 levels
were significantly lower in the patient group (p=0.004), yet
the omega-6/omega-3 ratio was dramatically higher among
patients, indicating a pronounced imbalance favoring
omega-6 fatty acids (p=0.004). Additionally, the AA/DHA
ratio was significantly elevated in the patient group (p=0.005),
whereas the AA/EPA ratio did not differ significantly between
groups. Overall, DHA, EPA+DHA, Omega-3 and Omega-6
levels were significantly lower in the patient group compared

Table Ill: Comparison of essential fatty acid levels between
patient and control groups

Fatty Acid Control Patient p
Number of patients 22 26 -
ALA (%)* 0.10(0.1-0.1)  0.0(0-0.10)  0.103
EPA (%)* 0.10 (0.1028) 0.0 (0-3.91)  0.062
DHA (%)* 2.36(0.1-5.76)  0.10(0-12.52)  0.001
LA (%) 1 69.47+28.36  71.22:29.19  0.591
DGLA (%) ' 2.44:0.98 2.68:3.00 0373
AA (%) 1 13.09+4.41 13.10£10.80  0.396
EPA+DHA (%) ' 2.89+1.84 1.58+3.42  0.001
Omega-3 (% 1) 2.98+1.83 167342  0.001
Omega-6 (%) ' 92.51+20.67  86.79+32.14  0.004
Omega 6/ Omega-3 39 4519069 1953715259  0.004

AA/EPA f 106.53+62.75  118.95+103.29 0.772

AA/DHA T 6.19+3.67 62.20+89.63 0.005
*:median (min-max) (Mann Whitney U test), : mean+SD (Independent
samples T test)

to the control group. Conversely, Omega-6/Omega-3, and
AA/DHA ratios were significantly higher in the patient group
(Table I11).

Table IV shows the relationship between cognitive levels and
essential fatty acid profiles. Although mean EPA+DHA and
total omega-3 levels were higher in the normal/borderline
cognitive group compared with the mild and moderate-
severe delay groups, these differences were not statistically
significant (p=0.659). In contrast, omega-6 levels and the
omega-6/omega-3 ratio tended to increase with lower cognitive
impairment, but no significant associations were observed
(p=0.659). The AA/EPA and AA/DHA ratios also showed a
progressive increase from normal/borderline cognition to
moderate—severe delay, suggesting a trend toward a more pro-
inflammatory fatty acid profile with worsening cognitive status;
however, these trends did not reach statistical significance
(p=0.564 and p=0.343, respecively). Overall, while variations in
fatty acid composition across cognitive levels were apparent, no
significant relationships were identified in this analysis.

Discussion

There are only a limited number of studies in the literature
comparing Omega-3 and Omega-6 levels in patients
diagnosed with organic acidemia. In this study, we compared
the ratios of Omega-3 and Omega-6 fatty acids between
the patient and control groups. Our findings are consistent
with the few similar studies in the literature. This study also
included a larger number of patients compared to previous
research. Cognitive function and neurodevelopment in
individuals with organic acidemia may be affected not only
by the primary disease but also by Omega-3 deficiency.
For this reason, we evaluated both cognitive status and
Omega-3/0Omega-6 levels, but no significant correlation was
found.

Sanjurjo et al. (8) compared five patients with MMA and
eight with urea cycle defects—both on protein-restricted
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Table IV: Relationship between cognitive levels and essential fatty acid levels

Fatty Acid Normal / Borderline* Mild Delay* Moderate / Severe Delay* p’
EPA+DHA (%) 4.61+6.42 0.80+0.89 0.85+1.14 0.659
Omega-3 (%) 4.69+6.40 0.90+0.89 0.95+1.14 0.659
Omega-6 (%) 95.31+6.40 99.10+0.89 99.05+1.14 0.659
Omega-6/0mega-3 180.13+168.30 219.64+142.11 248.54+143.12 0.659
AA/EPA 99.28+96.92 129.39+88.61 161.88+130.50 0.564
AA/DHA 36.44+37.29 51.74+63.71 103.58+138.00 0.343

* mean+SD, *: Kruskal-Wallis

diets—with a control group of 50 healthy individuals. In
their study, the free plasma levels of arachidonic acid (AA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid
(DHA) were found to be lower in the patient group. The only
discrepancy with our study lies in the EPA levels, which
were also low in our control group, possibly explaining this
difference.

Vilaseca et al. (9) divided patients with metabolic disorders
into two groups: those on protein-restricted diets and those
not on such diets. The study included 63 patients (four with
PA, five with MSUD, and nine with cobalamin deficiency) on
restricted diets and 69 patients on unrestricted diets. Higher
erythrocyte and plasma DHA levels were found in the group
without dietary restrictions. Similarly, in our study, DHA
levels were significantly lower in the patient group following
a protein-restricted diet compared to the control group.

Mazer et al. (10) evaluated six female MSUD patients aged 12—
30 years and compared their essential fatty acid levels with
those of 12 healthy controls. They found lower DHA levels and
higher alpha-linolenic acid (ALA) levels in the MSUD group,
which is consistent with our findings. Vlaardingerbroek et al.
(11) studied 33 patients with metabolic disorders, including
10 with branched-chain amino acid metabolism disorders,
and compared them with 38 controls. In their study, DHA
levels were lower in the patient group, which aligns with the
results of our study.

Drecksen et al. (12) compared the essential fatty acid levels
of 10 IVA patients with those of 53 healthy controls. They
reported a decrease in all Omega-3 fatty acid levels and
an increase in the Omega-6/0Omega-3 ratio in the patient
group. As emphasized by Simopoulos et al. (13), maintaining
a proper balance between essential fatty acids is crucial
for normal growth and development. Consistent with both
Drecksen’s and our study, the Omega-6/0Omega-3 ratio was
found to be elevated in the patient group.

Aldamiz-Echevarria et al. (14) conducted a study in which
4 patients with MMA received DHA supplementation. They
compared the total cholesterol, HDL, triglyceride (TG),
and essential fatty acid levels of these patients with those
of control and placebo groups. At the start of the study,
the mean levels of total cholesterol, HDL, and TG were
114.7 mg/dL, 48.5 mg/dL, and 144 mg/dL, respectively.
No significant difference in essential fatty acid levels was
observed between the groups at baseline. However, after
DHA supplementation, DHA and Omega-3 levels increased
significantly, while TG levels decreased. In our study, DHA

and Omega-3 levels were significantly lower in the patient
group compared to the control group. The average levels of
total cholesterol, HDL, and TG in our study were 143 mg/dL,
48.9 mg/dL, and 108.89 mg/dL, respectively. Differences in
essential fatty acid levels between studies may be due to
variations in sample size and patient age. Additionally, the
higher total cholesterol and lower TG levels in our study are
noteworthy.

Barschak et al. (15) evaluated the biochemical parameters
of seven MSUD patients and compared them with healthy
controls. They found that total cholesterol levels were
significantly higher in the control group, but no significant
differences were observed in HDL, LDL, or TG levels. In our
study, HDL, LDL, and TG levels were within normal reference
ranges and were not compared with those of the control
group.

No studies in the literature have directly explored the effects
of essential fatty acid levels on cognitive development in
individuals with organic acidemia. However, El-Ansary et al. (16)
conducted an animal study in which rats were given propionic
acid to induce neurotoxicity. They found that Omega-3 fatty
acids increased the levels of GABA, serotonin, and dopamine
in the brain, as well as the formation of phosphatidylserine,
phosphatidylethanolamine, and phosphatidylcholine. Omega-3
fatty acids also protected the rats from propionic acid-induced
neurotoxicity.

In phenylketonuria (PKU), another metabolic disorder
requiring a protein-restricted diet, several studies have
examined the effects of essential fatty acid supplementation
on cognitive and neurological function. Koletzko et al. (17)
administered DHA supplements to 36 children with PKU for
three months and reported improvements in visual function,
motor skills, and coordination, accompanied by increased
plasma DHA and EPA levels and decreased arachidonic acid
(AA) levels. Children underwent visual evoked potentials
(VEP) testing before and after supplementation, and a
subgroup was additionally assessed using the Rostock-
Oseretzky Scale (ROS), with untreated age-matched
controls showing no comparable improvements. Similarly,
Agostoni et al. (18) conducted a double-blind study in 20
patients with hyperphenylalaninemia who received DHA
and EPA supplementation for 12 months and observed
improvements in visual function alongside increased DHA
levels. In contrast, more recent randomized controlled trials
in PKU have shown that although DHA supplementation
dose-dependently increases plasma DHA levels, it does not
consistently result in measurable improvements in cognitive
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or neurological outcomes within the tested dose ranges
(19). In line with these observations, our study conducted in
children with organic acidemias found that mean EPA+DHA
and total omega-3 levels tended to be higher in the normal/
borderline cognitive group compared with the mild and
moderate—severe delay groups; however, these differences
did not reach statistical significance, limiting conclusions
regarding a direct association. In comparison, randomized
controlled trials in healthy school-aged children have
indicated that regular consumption of oily fish, rather than
isolated supplementation, may be associated with modest
improvements in cognitive and socioemotional functioning,
particularly in attention and cognitive flexibility, as well as
reductions in parent-reported internalizing and overall
difficulties (20). The presence of dose-response relationships
with EPA+DHA status and the use of whole fish underscore
the potential importance of combined nutritional effects
during ongoing brain development, while also highlighting
the need for further adequately powered studies across
different metabolic conditions.

Limitations

Several limitations of this study should be acknowledged.
First, only free plasma essential fatty acid levels were
measured; fatty acid composition in erythrocyte membranes
or phospholipid fractions, which may better reflect long-
term fatty acid status, was not assessed. Second, the
cross-sectional design limits causal inference between fatty
acid levels and cognitive outcomes. Third, although this
study includes one of the largest cohorts of patients with
organic acidemias evaluated for essential fatty acid status
to date, the sample size may still be insufficient to detect
subtle associations with neurodevelopmental measures.
Finally, the absence of reference data on essential fatty acid
levels in healthy Turkish children limits population-specific
comparisons. Despite these limitations, this study provides
valuable insight into essential fatty acid profiles in organic
acidemias and highlights important directions for future
research.

Conclusion

The findings of this study are consistent with the limited
existing literature on essential fatty acid profiles in patients
with organic acidemias. Our results confirm that children with
organic acidemias, particularly those on protein-restricted
diets, exhibit lower omega-3 fatty acid levels and higher
omega-6/omega-3 ratios compared with healthy controls.
Although omega-3 fatty acids are known to play an important
role in neurodevelopment, no significant association was
identified between omega-3 or omega-6 levels and cognitive
outcomes in the present cohort. This lack of association
may reflect the multifactorial nature of neurodevelopment
in organic acidemias, in which metabolic control, disease
severity, dietary management, and genetic factors interact
alongside fatty acid status. Future longitudinal and
interventional studies with larger sample sizes are needed
to better define the clinical relevance of essential fatty acid
supplementation and to clarify its potential role in improving
neurodevelopmental outcomes in this patient population.
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