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Abstract: Introduction: Autism spectrum disorder (ASD) comprises a group of developmental
disorders characterized by deficits in social interaction and behavioral patterns. Children with
ASD may face nutritional challenges, primarily due to their restrictive behaviors and frequent
gastrointestinal issues. Objective: The objective of the present study was to assess nutritional status,
dietary habits, and intestinal permeability in a sample of individuals with ASD. Methods: A cross-
sectional study was conducted with 24 children and adolescents (both sexes), aged 4 to 18 years,
living in two cities of Mexico (Aguascalientes and Querétaro). Weight and height were measured,
and body mass index for age was calculated and compared using WHO Z-scores. Diet was assessed
through three 24 h dietary recalls and a food frequency questionnaire. Intestinal permeability was
evaluated using a lactulose/mannitol test by HPLC. Results: A high prevalence of malnutrition was
observed; 12.5% of the participants were underweight, and 45.8% were overweight or obese. Children
had a low intake of fiber, vitamin E, folate, potassium, zinc, and phosphorus and a high intake of
sodium. On average, the intestinal permeability ratio was 0.09 ± 0.05, with 54.2% of the children
exhibiting high intestinal permeability. Conclusions: It is advisable to develop food counseling
strategies for children with ASD to prevent micronutrient deficiencies, promote healthy weight, and
improve gastrointestinal integrity.
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1. Introduction

Autism spectrum disorder (ASD) is a group of neurodevelopmental disabilities that
affect communication and social interaction and are characterized by restrictive, repetitive,
and stereotyped behavior patterns [1]. According to the Centers for Disease Control and
Prevention (CDC), the prevalence of ASD in the United States is 1 in 36 children [2], while
in Mexico, 1 case in 115 children has been reported [3]. México has similar prevalences to
those reported globally, with an estimated rate of 1 in 100 children [4].

Many children with ASD face nutritional challenges, primarily because of restrictive
behaviors applied to food, such as rejection or refusal to accept new foods [5,6]. Conse-
quently, they have a lower intake of fruits and vegetables and an increased consumption of
high-energy, dense foods, with deterioration in their nutritional status [7].

Additionally, children with ASD commonly experience gastrointestinal disorders
(GDs) [8]. GDs can affect overall nutritional status and are associated with altered micro-
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biota composition [9]. It has been suggested that GDs in children with ASD are associated
with autism severity [10,11].

The interaction between the intestine and the brain has been called the “gut-brain
axis” and can be modified by increased intestinal permeability, known as leaky gut [12].
Previous studies have reported that children with ASD have a higher prevalence of leaky
gut than healthy children, allowing digested products to pass through [13–15]. The risk
factors for intestinal permeability have been related to alterations in gut microbiota, food
allergies, inflammatory bowel diseases, and infectious diarrhea [16–19].

As previously mentioned, ASD has been associated with dietary challenges and a
higher prevalence of GDs, which can be linked to nutritional risks or vice versa. The
objective of the present study was to assess the nutritional status, dietary habits, and
intestinal permeability of Mexican children and adolescents with ASD. To our knowledge,
this is the first trial to investigate the nutrition and gastrointestinal function of Mexican
children with ASD.

2. Materials and Methods
2.1. Study Design and Sample

A cross-sectional study was carried out in 24 ASD children and adolescents, 21 boys
(87.5%) and 3 girls (12.5%), aged 4 to 18 years (average, 11.13 ± 4.05 y). The mean age at
which they were diagnosed was 4.40 ± 3.46 years.

The inclusion criteria for the sample were (1) a previous diagnosis of ASD issued by
qualified personnel such as a pediatrician, psychologist, or psychiatrist, according to the
criteria of the DSM-5 [1]; (2) an age range from 4 to 18 years; (3) no history of gastrointestinal
diseases in the past 2 weeks or chronic gastrointestinal problems, such as inflammatory
bowel disease or irritable bowel syndrome; (4) voluntary participation; and (5) signing the
informed consent letter. The exclusion criteria were incomplete records or refusal of the
child or family to continue in the study.

Subjects were recruited from two educational centers in different Mexican cities that
provide special therapies for people with ASD or give support to their parents. One
institution was the Autism Aguascalientes Association, a non-governmental organization
for supporting ASD children and their families, located in the city of Aguascalientes (79.8%,
n = 15). The other center was Ana Cristina Juárez Diez Marina Institution, a private school
that provides attention to children and young people with ASD in the city of Querétaro
(20.8%, n = 9). Table 1 shows the subjects’ characteristics in each center.

Table 1. Psychopharmacotherapy in children and adolescents with ASD.

Psychopharmacotherapy Number (%)

No 15 (62.5%)
Yes 9 (37.5%)
Antipsychotic
• Risperidone 7 (29.1%)
• Aripiprazole 1 (4.2%)
Antidepressant
• Sertraline 1 (4.2%)
• Fluoxetine 1 (4.2%)
Psychostimulant
• Metylphenidate 1 (4.2%)
Anticonvulsant
• Vigabatrin and magnesium valproate 1 * (4.2%)
• Levetiracetam 1 (4.2%)
Selective norepinephrine reuptake inhibitor
• Atomoxetine 2 (8.4%)

* The same child took both antiepileptics.



Gastroenterol. Insights 2024, 15 914

2.2. Medical History Assessment

The child’s medical history was gathered from the parents’ interview, including in-
formation about the family history of diseases and mental health, the child’s history of
illnesses and allergies, the vaccination schedule, and any previous or current pharmacolog-
ical treatments. Additionally, the parents were asked if the child had been sick in the last
2 weeks and about his or her treatment.

2.3. Anthropometric Measurement

Participants in the two educational centers were asked to attend early in the morning
after an overnight fasting and wearing light clothes. Measurements of weight and height
were performed two consecutive times by a trained nutritionist following procedures
described previously [20]. Weight was measured on a bascule TANITA model UM-061,
and height was measured with a Seca 213 model stadiometer. Z-scores were calculated
for weight-for-age (W/A), height-for-age (H/A), and body mass index-for-age (BMI/A)
using WHO AnthroPlus software version 1.0.4 and WHO child growth standards for
children aged 0–5 years and WHO growth standard for children and adolescents aged
5–19 years [21]. Z-scores below −2 for W/A, H/A, and BMI/A indicated underweight,
short height, and underweight, respectively. In children under 5 years of age, Z scores
greater than +2 for W/A were defined as overweight, and Z scores greater than +3 were
defined as obesity. At the same time, in children aged 5 to 18 years, Z scores above +1 for
BMI/A indicated overweight, and Z scores greater than +2 indicated obesity. For H/A, Z
scores greater than +2 indicated above-average height.

2.4. Diet Evaluation

To find habitual children’s and adolescents’ diets, the 24-h dietary recall (24hR) was
applied by a trained nutritionist in face-to-face interviews with participants’ mothers, using
home measures and the protocol of 3 days on non-consecutive days, two on weekdays, and
one on a weekend day. The consumption of macro- and micronutrients was calculated using
the USDA Food Composition Databases [22] and Mexican Food Equivalent System [23].
Diet evaluation results were compared with dietary reference intakes (DRIs) for the Mexican
population [24] according to the age group (4 to 8 y, 9 to 13 y, and 14 to 18 y) to obtain the
percentage of adequacy as follows:

Adequacy percentage = [(micronutrients consumption/DRIs) × 100].

Deficient consumption was considered if the adequacy percentage was lower than
90%; if the adequacy percentage was between 90 and 110%, then consumption was consid-
ered adequate; elevated consumption was considered when the adequacy rate was more
than 110%.

A trained nutritionist evaluated the children’s habitual diet using a food frequency
questionnaire (FFQ) that had been previously validated among parents of school-age
Mexican children [25]. The questionnaire consisted of 150 items of local foods divided into
nine categories: vegetables (24 items); fruits (23 items); legumes (5 items); dairy (27 items);
animal source foods, including meat, poultry, and fish (15 items); cured meats (5 items);
cereals (25 items); fats (7 items); and sugars and beverages with added sugars (19 items).
The mothers reported the number of times per day/week/month/year that food was
consumed by their children. Additionally, weighted food consumption was estimated
using the average consumption reported in the 24hR, which was subsequently multiplied by
the frequency of food consumption reported in the FFQ for the most consumed foods [26].

2.5. Intestinal Permeability Evaluation

Intestinal permeability was measured through a challenge test with lactulose/mannitol
(L/M) ratio and subsequent urine collection for 5 h. After an overnight fast of at least
8 h, each participant was given mannitol and lactulose. Children under 12 years ingested
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50 mL of a solution containing 2 g of mannitol and 5 g of lactulose solution dissolved
in water. Those over 12 years consumed 100 mL of a solution with 5 g of mannitol and
10 g of lactulose in water. All subjects remained fasted for the next 2 h after taking the
lactulose/mannitol solution. Urine was collected for 5 h after taking the solution. Urine
volume was measured, and a 100 mL aliquot was added with 1 mL of chlorhexidine and
stored at −20 ◦C until analysis.

The concentration of lactulose and mannitol in urine samples was measured by high-
performance liquid chromatography (HPLC) according to the technique described by Miki
et al. [27]. To determine if participants had abnormal intestinal permeability, subjects with a
lactulose/mannitol ratio ≥ 0.03 were considered to have high intestinal permeability [14,27].

2.6. Statistical Analyses

All the analyses were conducted using SPSS software, version 26.0 for Windows. The
quantitative variables are shown in frequencies, percentages, and mean ± standard devia-
tion or confidence interval. For quantitative analyses, Shapiro–Wilk and Levene’s tests were
used to evaluate the data’s normal distribution and homogeneity of variance, respectively.
Descriptive analyses were performed to define participants’ characteristics by city, and
comparisons between groups were made with the Student t-test or Mann–Whitney U-test.

Two quantitative analyses were performed for 24hR: (1) Comparisons of total energy
intake, macronutrients, and fiber between age groups were made with ANOVA test. (2) The
mean intake of fiber, vitamins, and minerals was compared with DRIs using a one-sample
Student t-test. A qualitative analysis of the reported dietary data from 24hR was also
performed to describe a typical diet in the sample.

For the FFQ analyses, the frequency of consumption of all foods belonging to a
category was summed up, and the percentage of each category from the total intake was
calculated. The proportions of each food group’s intake were compared with ANOVA test
or Kruskal–Wallis for BMI/age.

Finally, the intestinal permeability was compared between age groups by ANOVA
test. A significant p-value was considered when <0.05.

3. Results

The screened sample consisted of 29 participants, of whom 5 were excluded: 1 did not
meet the age range, 2 chose not to continue in the study, and 2 were unable to complete any
of the measurements.

3.1. Medical History

In the initial medical history, it was noted that 9 of the 24 evaluated children were
taking some form of psychopharmacotherapy, with risperidone, an atypical antipsychotic,
being the most prevalent. Other psychotropic medications included antidepressants, anti-
convulsants, and psychostimulants; additionally, 2 children were also taking atomoxetine,
a selective norepinephrine reuptake inhibitor. Four children were taking 2 or more psy-
choactive drugs (Table 1).

Four children with food allergies were identified (16.7%). The reported allergies were
as follows: one child had an allergy to fish (specifically tuna), another had an allergy to
shellfish, and two had an allergy to strawberries. One of these children also had allergies to
walnuts and almonds.

Regarding illnesses experienced in the last 2 weeks prior to the start of the study,
six children reported having had a respiratory illness (25%), such as the flu (n = 4, 16.7%)
and throat infection (n = 2, 8.3%). Additionally, one child experienced a mild food al-
lergic reaction due to cross-contamination (tuna). The treatments used included anti-
inflammatories, antihistamines, mucolytics, and antibiotics in the case of bacterial infection.
All treatments for respiratory illness were discontinued at least one week before the study
evaluation began.
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3.2. Anthropometric Evaluation

All children had adequate height-for-age (H/A), and 8.3% were taller than the mean
of the Z-score from the WHO growth charts. Because of their age, only 11 subjects were
candidates for weight-for-age (W/A) evaluation; 72.7% had adequate weight-for-age, while
27.3% were overweight. High BMI for age was observed in 45.8% of participants, of which
20.8% (n = 5) were overweight, and 25% (n = 6) had obesity. Meanwhile, 12.5% (n = 3) were
underweight. When stratified for age group, 22.2% (n = 2) of 4-to-8-year-old children were
overweight, and 33.3% (n = 3) were obese; in 9-to-13-year-old children, 33.3% (n = 3) were
overweight and 33.3% (n = 3) were obese; finally, among the 14-to-18-year-old adolescents,
50% of them were underweight (Figure 1).
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Figure 1. Evaluation of body mass index-for-age (BMI/A) indicator in children and adolescents
with ASD (Z-scores interpretation). (A) BMI/A in 4-to-8-year-old children (n = 9); (B) BMI/A in
9-to-13-year-old children (n = 9); (C) BMI/A in 14-to-18-year-old children (n = 6).

3.3. Dietary Intake

According to the 24hR, the total energy intake (TEI) distribution of macronutrients
was 34.9% lipids, 49.3% carbohydrates, and 15.8% proteins. Dietary intake was com-
pared between children from Querétaro and Aguascalientes, and there were no significant
differences between diets reported in both cities (Table 2).

Table 2. Descriptive characteristics of the study population.

Characteristics Querétaro (n = 9) Aguascalientes
(n = 15) Total (n = 24) p

Mean ± SD Mean ± SD Mean ± SD

Age (y) 10.8 ± 3.1 11.3 ± 4.6 11.1 ± 4.1 0.791
Anthropometry
Weight (kg) 44.4 ± 17.9 39.8 ± 15.8 41.5 ± 16.4 0.520
Height (cm) 138.4 ± 16.6 142.7 ± 22.1 141.1 ± 19.9 0.612
BMI/A (Z-score) 1.34 ± 2.1 0.36 ± 2.1 0.73 ± 2.1 0.277
Diet
Energy (kcal/d) 1933.8 ± 981.7 1858.0 ± 527.8 1886.4 ± 711.5 0.807
Carbohydrate (g) 237.3 ± 164.4 234.9 ± 64.5 235.8 ± 109.3 0.960
Protein (g) 84.2 ± 40.4 70.2 ± 21.7 75.5 ± 30.0 0.279
Fat (g) 73.4 ± 26.4 74.6 ± 26.2 74.1 ± 25.7 0.911
Intestinal permeability test
Mannitol recovery (mg) 262.74 ± 119.46 189.43 ± 104.48 216.92 ± 113.68 0.129
Lactulose recovery (mg) 15.88 ± 7.02 11.20 ± 19.84 12.95 ± 16.19 0.068
L/M ratio 0.0737 ± 0.0490 0.0378 ± 0.0611 0.0513 ± 0.0585 0.149

BMI/A: Body mass index for age; L/M ratio: lactulose/mannitol ratio; SD: standard deviation. Statistical test
used for comparisons between both cities: independent samples t-test and Mann–Whitney U test, significance at
p < 0.05.
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Total energy and macronutrient intake were stratified by age group. According
to the dietary guidelines, children aged 4 to 8 had a better macronutrient distribution
(carbohydrates 55.8%, proteins 15.1%, and lipids 29.1%); as age increases, children consume
more energy coming lipids (39.2% in 9-to-13-year-olds and 36.7% in 14-to-18-year-olds)
and less carbohydrates (43.8% and 48.7%, respectively); the mean distribution of TEI and
macronutrients can be observed in Figure 2.
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Figure 2. Comparison of energy and macronutrient intake stratified by age group in children and
adolescents with ASD. (A) Comparison of total energy intake (TEI) by age group. (B) Comparison of
carbohydrate intake by age groups. (C) Comparison of protein intake by age groups. (D) Comparison
of lipid intake by age groups. Data are presented as mean and SEM. Statistical test used: ANOVA,
significance at p < 0.05. ns: not significant.
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The mean cholesterol intake was 348.0 ± 148.5 mg/d; when stratified for age, choles-
terol intake was 253.9 ± 145.4 mg/d in 4-to 8-year-old children, 408.6 ± 140.6 mg/d in
9-to-13-year-old children, while in 14-to-18-year-old adolescents cholesterol intake was
398.2 ± 102.0 mg/d. The mean saturated fat intake was 24.76 ± 11 g/d (11.65% of the total
energy intake). It a significantly low consumption of fiber was observed, 13.38 ± 5 g/d
based on the DRIs, and this trend remained when the data were stratified by age group
(Table 3).

Table 3. Comparison of fiber intake (g) with dietary reference intake (DRI) for Mexican population in
ASD children and adolescents (n = 24).

Age Group Mean ± SD DRIs % Ad. p

4 to 8 y 11.35 ± 5.86 18 63.04 a 0.009
9 to13 y 13.15 ± 4.69 22 59.78 a <0.001
14 to 18 y 16.76 ± 3.60 26 67.05 a 0.002

DRIs: dietary reference intakes, SD: standard deviation, % Ad: percentage of adequacy. a deficient intake.
Statistical test used: one sample t-test, significance at p < 0.05.

Regarding micronutrient intake, all participants’ dietary reports indicated a deficient
intake of potassium and vitamin E. Specifically, children aged 4 to 13 showed a low intake
of phosphorus; children and adolescents aged 9 to 18 exhibited a low consumption of
folate, zinc, and iron; adolescents had a low consumption of magnesium, showing more
deficiencies as they became older. Sodium was the only mineral consumed above the
recommended levels in all age groups, with significantly higher intake noted in the 9 to
13-year-old group.

It is important to note that none of the children reported taking dietary supplements.
Tables 4 and 5 present the percentage adequacy and comparisons of micronutrient intake
against RDI, stratified by age group.

According to the FFQ, the three main food groups consumed by children were as
follows: (1) cereals, representing 20.8% of the total intake, including tortillas (316.9 g/week),
breakfast cereals (25.0 g/week), and cookies (57.9 g/week); (2) dairy products, representing
14.8%, which included milk (3362.5 mL/week), yogurt (273.8 g/week), and Mexican melt-
ing cheese (78.0 g/week); and (3) fruits, representing 14.4%, such as apples (175.9 g/week),
bananas (166.7 g/week), and lemons (16.0 g/week). Additionally, the proportions of each
food group’s intake were compared among BMI/age classifications. Children with under-
nutrition reported a frequent ingestion of cereals, fats, and dairy foods, while children with
healthy weight consumed more cereals, vegetables, and dairy. Overweight children pre-
ferred cereals, fats, and fruits, and obese children reported a higher consumption of cereals,
fruits, and sugars. It is noteworthy that children with malnutrition and overweight reported
significantly more frequent consumption of fats. The comparisons between proportions of
food groups ingestion per BMI/age are presented in Table 6.
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Table 4. Comparison of vitamin ingestion with dietary reference intakes for Mexican population in ASD children and adolescents.

Vitamins
4–8 y (n = 9) 9–13 y (n = 9) 14–18 y (n = 6)

Mean ± SD DRIs % Ad. p Mean ± SD DRIs % Ad. p Mean ± SD DRIs % Ad. p

Vitamin A (µg RAE) 533.1 ± 299.7 400 133.3 b 0.219 862.6 ± 466.2 580 148.7 b 0.107 531.4 ± 151.7 650 81.8 a 0.114
Vitamin D (µg) 7.3 ± 10.9 5 146.0 b 0.545 4.4 ± 1.9 5 86.8 a 0.334 6.5 ± 3.8 5 129.6 b 0.381
Vitamin E (mg) 2.6 ± 1.9 7 36.9 a <0.001 3.9 ± 2.2 11 35.3 a <0.001 3.0 ± 0.9 13 23.17 a <0.001
Thiamin (mg) 1.3 ± 0.8 0.5 256.4 b 0.058 1.2 ± 0.3 0.70 164.0 b 0.003 1.4 ± 0.7 1 138.5 b 0.233
Riboflavin (mg) 1.7 ± 1.2 0.5 348.9 b 0.048 1.7 ± 0.6 0.80 214.6 b 0.001 2.0 ± 0.8 1.05 185.2 b 0.036
Pyridoxine (mg) 1.4 ± 0.9 0.5 281.3 b 0.014 1.6 ± 0.5 0.80 203.9 b 0.001 1.6 ± 0.7 1.05 149.2 b 0.126
Niacin (mg) 15.1 ± 10.4 8 188.7 b 0.074 16.8 ± 5.5 12 139.7 b 0.031 12.9 ± 7.1 15 86.0 a 0.499
Vitamin B12 (µg) 2.9 ± 1.1 1.2 238.8 b 0.002 3.3 ± 1.1 1.70 194.4 b 0.003 4.1 ± 1.4 2.20 184.6 b 0.021
Folate (µg DFEs) 226.8 ± 146.0 230 98.6 0.950 173.8 ± 83.0 360 48.3 a <0.001 220.9 ± 86.6 390 56.6 a 0.005
Vitamin C (mg) 124.1 ± 81.3 25 496.5 b 0.006 79.0 ± 54.4 45 175.5 b 0.098 82.6 ± 24.8 65 127.0 b 0.142

DFEs: dietary folate equivalents, DRIs: dietary reference intakes, RAE: retinol activity equivalents, EF SD: standard deviation, % Ad: percentage of adequacy. a deficient intake, b high
intake. Statistical test used: one sample t-test, significance at p < 0.05.

Table 5. Comparison of mineral ingestion with the dietary reference intakes for the Mexican population in ASD children and adolescents.

Minerals
4–8 y (n = 9) 9–13 y (n = 9) 14–18 y (n = 6)

Mean ± SD DRIs % Ad p Mean ± SD DRIs % Ad p Mean ± SD DRIs % Ad p

Calcium (mg) 870.7 ± 428.1 800 108.8 0.633 1026.2± 474.8 1300 78.9 a 0.122 1380.9 ± 673.6 1300 106.23 0.780
Phosphorous (mg) 813.1± 335.1 500 162.6 b 0.023 1040.0 ± 170.5 1250 83.2 a 0.006 1377.6 ± 619 1250 110.21 0.635
Iron (mg) 15.6 ± 11.3 15 104.1 0.874 12.6 ± 5.3 18 69.8 a 0.016 13.6 ± 6.6 22 61.62 a 0.025
Magnesium (mg) 164.5 ± 55.0 130 126.6 b 0.096 213.9± 45.8 240 89.1 a 0.126 245.8 ± 59.1 340 72.30 a 0.011
Zinc (mg) 5.7 ± 1.5 6.60 86.9 a 0.113 7.3 ± 2.0 11.6 62.3 a <0.001 8.2 ± 3.4 13 63.33 a 0.019
Sodium (mg) 1716.3 ± 352.7 1200 143.0 b 0.143 2058.5 ± 497.1 1500 137.2 b 0.010 2732.0 ± 1308.8 1500 182.14 b 0.069
Potassium (mg) 2094.8 ± 1252.1 3800 55.1 a 0.004 2127.9 ± 224.9 4500 47.3 a <0.001 2440.9 ± 561.1 4700 51.93 a <0.001

DRIs: dietary reference intakes, SD: standard deviation, % Ad: percentage of adequacy. a deficient intake, b high intake. Statistical test used: one sample t-test, significance at p < 0.05.
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Table 6. Proportions of the frequency food groups consumption by BMI/age in children and adoles-
cents with ASD.

Food Groups from FFQ BMI/Age p
Undernutrition Healthy Weight Overweight Obesity

N 3 10 5 6
Vegetables 14.5 (2.6, 26.4) 16.2 (11.0, 21.5) 11.8 (3.5, 20.0) 10.4 (2.0, 18.8) 0.427
Fruits 13.9 (10.0, 17.8) 13.8 (8.2, 19.3) 15.1 (7.8, 22.4) 15.3 (3.9, 26.7) 0.980
Legumes 2.3 (12.2, 19.8) 3.6 (2.3, 4.8) 2.4 (1.2, 3.5) 1.9 (0.3, 3.5) 0.169
Dairy foods 16.0 (12.2, 19.8) 16.0 (10.9, 21.1) 11.1 (8.3, 14.0) 15.1 (7.9, 22.3) 0.498
Animal source foods 4.3 (0.7, 7.9) 5.6 (4.0, 7.2) 8.9 (4.7, 13.2) 5.6 (3.0, 8.3) 0.065
Sausage 4.0 (−3.6, 11.7) 2.3 (1.5, 3.1) 2.0 (0.0, 3.9) 2.9 (0.5, 5.2) 0.429
Cereals 17.3 (8.8, 25.8) 19.8 (16.1, 23.5) 19.1 (15.2, 22.9) 25.9 (14.1, 37.6) 0.584
Fats 16.1 (6.7, 25.6) 9.1 (6.6, 11.7) 18.3 (8.5, 28.1) 7.4 (1.5, 13.3) 0.007
Sugars and beverages with added sugars 11.54 (5.1, 18.0) 13.5 (9.3, 17.8) 11.3 (6.8, 15.8) 15.5 (9.8, 21.4) 0.536

Data are presented as mean and confidence interval. Statistical test used: ANOVA or Kruskal–Wallis, significance
at p < 0.05.

3.4. Intestinal Permeability

The intestinal permeability test showed that 13 out of the 24 children evaluated (54.2%)
had increased intestinal permeability, with mannitol recovery of 268.11 ± 118.69 mg. The
lactulose recovery was 23.91 ± 14.78 mg, and the lactulose/mannitol ratio (L/M ratio) was
0.09 ± 0.05. The remaining children evaluated did not show detectable lactulose recovery,
and the mean mannitol recovery was 156.43 ± 73.40 mg, with an L/M ratio equal to zero.

When stratified by age group, children aged 9 to 13 years had the highest urine
recovery of both sugars. The mean mannitol recovery was 259.04 ± 133.61 mg and lactulose
recovery was 18.81 ± 18.06 mg, with no significant differences compared to other age
groups (see Table 7). Similarly, when comparing recruitment cities, children from Querétaro
had higher urine recoveries of mannitol (262.7 mg vs. 189.43 mg) and lactulose (15.88 mg
vs. 11.2 mg) compared to children from Aguascalientes. However, these differences were
not statistically significant. Also, there was no significant correlation between intestinal
permeability and anthropometric measurements.

Table 7. Evaluation of intestinal permeability in children and adolescents with autism spectrum
disorder stratified by age group.

Permeability Test 4–8 y (n = 9) 9–13 y (n = 9) 14–18 y (n = 6) p
Mean ± SD Mean ± SD Mean ± SD

Mannitol recovery (mg) 157.07 ± 68.36 259.04 ± 133.61 243.52 ± 113.64 0.108
Lactulose recovery (mg) 6.81 ± 8.55 18.81 ± 18.06 13.38 ± 20.89 0.242
L/M ratio 0.0369 ± 0.0460 0.0708 ± 0.0618 0.0435 ± 0.0714 0.455

Statistical test used: one-way ANOVA, significance at p < 0.05.

4. Discussion

Previous research has reported that children with ASD often have a high prevalence
of overweight [28,29]. Our results in Mexican children with ASD confirm this finding,
as nearly 50% of the sample was overweight or obese. Similar findings were reported in
the Pediatric Psychopharmacology Autism Network, where the combined prevalence of
overweight and obesity exceeded 60% [30]. Other studies have suggested that factors such
as inadequate physical activity [31], the use of anxiolytic drugs [32], and the preference for
foods high in fats and simple sugars [33] could contribute to weight gain in this population.

In our study sample, we observed a high consumption of sweetened beverages such as
homemade “agua de fruta” (diluted fruit juice with added sugar), sodas, and industrialized
juices among obese children. Additionally, all children evaluated showed a deficient intake
of fiber, and lipid intake exceeded 30% of total energy intake in most diets. We also found
that 3 children (12.5% of the sample) were underweight, possibly due to specific picky
eating patterns or sensory sensitivities that predisposed them to restricted food intake [34].
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Based on dietary reports, children in the sample exhibited a deficient intake of several
micronutrients such as vitamin E, folic acid, potassium, zinc, and phosphorus. Vitamin
C intake was notably lower among older children, although it still met the RDI. Previous
studies have also documented inadequate intake of calcium, potassium, iron, vitamins A,
D, E, B6, folate, and vitamin C in children with ASD [29,35,36]. A potential explanation
for the insufficient intake of certain micronutrients could be the restrictive and repetitive
behaviors associated with food consumption [35].

Additionally, it is common for children with ASD to avoid food groups, particularly
fruits and vegetables, and prefer processed foods high in fat or simple sugars, resulting in
low fiber intake [33]. Analysis of the children´s diet revealed that 50% reported consuming
deep-fried foods in at least one 24hR period. Furthermore, consumption of fruits and
vegetables was lower compared to cereals and sugar drinks, contributing to low fiber
intake in our sample. Few children also consumed oilseeds such as walnuts, almonds,
and peanuts.

In ASD, restrictive behaviors often influence food selection based on flavor, texture,
color, or temperature, complicating the recognition of hunger, prolonging mealtimes, and
leading to inadequate or improper food consumption [37]. A meta-analysis indicated
that children with ASD are five times more likely to experience feeding problems [38].
Consequently, mothers frequently attempt to accommodate children´s food preferences to
manage their disabilities or avoid tantrums [39].

Our study of Mexican children with ASD suggests that caregivers should closely
monitor the intake of vitamins A, E, and C as well as minerals like iron, zinc, and magne-
sium. The potential benefits of supplementing these specific nutrients in children with ASD
should be evaluated in controlled clinical trials.

One of the most reported nutrient deficiencies in ASD is calcium and vitamin D [35,36].
However, this deficiency was not observed in our population, which may be explained by
the high intake of corn tortillas, milk, and dairy products among the sample, and the fact
that none of the children or adolescents followed a casein-free diet. Corn tortillas, one of
the most consumed foods, are processed with calcium during the liming process, making
them a good source of calcium with good bioavailability [40]. Furthermore, vitamin D can
be synthesized through the skin via sunlight exposure [41]. Due to Mexico´s geographic
location, there is sufficient sunlight throughout the year, which facilitates the synthesis of
this vitamin [42].

High intestinal permeability in children with ASD has been proposed as a primary
cause of gastrointestinal disturbances linked to a certain dietary intake [43] and higher
infection rates [44]. In our study, 13 children (54.2% of the sample) exhibited increased
intestinal permeability based on criteria established by the lactulose/mannitol test. This test
involves a sugar challenge followed by measuring sugar excretion in urine [45], it and was
chosen for its non-invasive nature. Sugars are used in this test because they have different
molecular weights and absorption pathways, low affinity for the monosaccharide transport
system, passive absorption, and are excreted intact in urine once in general circulation [46].

D’Eufemia et al. (1996) were the first to compare intestinal permeability between
children with ASD and neurotypical children, finding a higher prevalence of intestinal
permeability in the ASD group [13]. Subsequent studies have reported similar findings.
Iovene et al. (2016) analyzed intestinal permeability using the lactulose/mannitol ratio
and reported increased intestinal permeability in ASD children with co-occurring gastroin-
testinal issues such as constipation or alternating bowel habits (constipation/diarrhea)
compared to healthy children (38.8% vs. 18.8%, respectively), with these results associated
with intestinal dysbiosis [15].

Fiorentino et al. (2016) examined postmortem duodenal biopsies from controls (n = 9)
and ASD subjects (n = 12), revealing that 75% of the ASD samples had a reduced expression
of tight junction components in the intestinal barrier (claudin-1, occludin, and tricellulin),
while 66% showed increased levels of pore-forming proteins (claudin-2, -10, -15) compared
to controls [47].
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In contrast, other authors have reported no differences in intestinal permeability in
ASD samples. Robertson et al. (2008) compared the lactulose/mannitol permeability
test among 14 ASD children, 7 developmentally normal siblings, and 8 healthy unrelated
children, finding no differences in the lactulose/mannitol ratio of urine excretion [48].
Another study compared intestinal permeability in ASD children following a gluten and
casein-free diet versus those without dietary restrictions and found no differences in
intestinal permeability between the two groups [49].

The inconsistency in intestinal permeability results among ASD subjects in previous
studies could be associated with a subgroup of ASD individuals who are more susceptible
to dysbiosis, gastrointestinal issues, and leaky gut. Conversely, there is a need to develop
standardized techniques for evaluating intestinal permeability, including establishing
uniform cutoff criteria for diagnosis and standardized solutions of lactulose/mannitol
concentrations, as these currently vary among different studies [14,15,49–52]. In our study,
we defined abnormal intestinal permeability using a lactulose/mannitol ratio ≥ 0.03, as
previously reported [14,27], because this value is widely documented in the literature.

Among the study’s limitations, it is noteworthy that the sample size was small, partly
due to the limited number of institutions providing care to children and adolescents with
ASD in Mexico. Additionally, there is no national institution in which all cases of ASD in
the country are registered. Conducting a national census would be advisable to determine
the true prevalence of this condition in Mexico.

Another limitation is that the subject’s diets were evaluated based on maternal reports,
which may lead to underreporting since these children may consume other foods during
school hours or at home. To mitigate this, mothers and teachers were instructed to monitor
the food intake of children and adolescents with ASD throughout the day.

Finally, we did not document whether the children had a history of frequent gastroin-
testinal problems prior to the start of the study. It would be valuable to assess whether
children or adolescents with such histories exhibited increased intestinal permeability or if
specific diets, such as those avoiding exorphins, are associated with gut health.

5. Conclusions

In this study, we found that ASD participants have inadequate diets. They exhibited a
high fat and sodium intake, and a low intake of complex carbohydrates, fiber, and several
micronutrients, such as vitamin E, folate, potassium, iron, zinc, and phosphorus. Obesity
and overweight were present in 45.8% of the children. Additionally, intestinal permeability
was observed in 54.2% of our sample of Mexican children with ASD.

It is strongly recommended that food counseling strategies be developed for children
with ASD. This study will contribute to the development of programs aimed at preventing
overweight and obesity in the ASD population and identifying restrictive eating behaviors
that may impact patients’ nutritional status. Guiding parents on proper feeding practices is
crucial as it can help prevent the onset of other comorbidities and enhance the quality of
life for this population.
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