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A B S T R A C T

Individuals with Rett syndrome (RTT), a rare neurodevelopmental disorder, often face significant nutritional 
challenges. We explored factors affecting nutritional status and body composition in RTT individuals using di
etary assessments and bioelectrical impedance analysis (BIA). This study involved 40 participants and found that 
underweight individuals with severe growth deficits often had reduced body fat, visceral fat, and arm circum
ference. Protein and zinc intake percentages were significantly lower in those with higher severity scores. Ad
olescents with the highest growth deficit and underweight ratios had caloric, protein, and calcium intakes below 
the Dietary Reference Intakes (DRI). Over 88 % of adults had insufficient calcium, magnesium, iron, zinc and 
fiber intake. Among the 15 females with RTT, sarcopenia was present in 14 (93.3 %), while sarcopenic obesity 
was present in 4 (26.67 %). Therefore, comprehensive dietary and body composition assessments, including body 
mass index, body fat, skeletal muscle, and mid-upper arm circumference, are crucial for identifying nutritional 
disorders in RTT. Addressing these issues through appropriate interventions is essential for improving nutritional 
management and outcomes for individuals with RTT.

1. Introduction

Rett syndrome (RTT) is primarily caused by mutations of methyl 
CpG-binding protein 2 (MECP2), a rare neurodevelopmental disease. 
The clinical manifestations include feeding difficulties, respiratory- 
related illness, impaired bone health (scoliosis/osteopenia), and 
gastrointestinal dysmotility [1]. They also have lipid metabolism prob
lem, immune dysfunction, neurological impairment, and growth deficits 
[2,3]. The potential risk factors of respiratory infection in individuals 
with RTT include epilepsy, scoliosis, poor oromotor control, walking 
status, and clinical severity of RTT [4].There are various factors 
affecting growth deficits, including the type of genetic defect, clinical 
disease severity, gastrointestinal disease, feeding difficulties, and ner
vous system disorders [5,6]. Growth deficits may decrease with age. 
However, they increase significantly with other factors, such as small 
body size, reduced bone mineral content, fracture susceptibility, and 

gastrostomy use.
The major dysphagia problems in RTT individuals are limited to oral 

preparatory phases, including dystonic and dyskinetic tongue move
ments (involuntary tongue retroflexions), prolonged oral stage, and poor 
bolus formation [7,8]. The insufficient dietary intake in RTT may in
crease the risk of malnutrition. Recent researches demonstrated that the 
significantly insufficient intake of protein in RTT may lead to severe 
growth deficit [3]. Low nutrient intake in RTT due to limited texture 
tolerance for chewy and crunchy foods, and lack of self-feeding in RTT 
may also contribute to growth deficits [9]. Therefore, customized rec
ommendations and modifications in food texture, such as gummy foods 
and pureed foods, may improve energy and nutrients intake to meet the 
requirements.

In recent years, the attention to the issues of sarcopenia and sarco
penic obesity, defined as low skeletal muscle mass accompanied by 
excess body fat, has been increased. Motil et al. found that while 
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sleeping and resting RTT individuals’ metabolic rates were 23 % lower 
than those of healthy girls, they were similar to those of healthy girls in 
active waking [10]. They also found that the involuntary hand move
ments of RTT girls do not increase in total daily energy expenditure and 
there was significantly less lean body mass instead of body fat compared 
to healthy girls of the same age. Previous research had shown that the 
girls with RTT would first sacrifice their lean body mass to maintain 
their body fat [11]. Therefore, the low muscle mass may increase 
metabolic syndrome risk, and decreased bone strength in individuals 
with RTT [12]. The treatments for sarcopenic obesity are implemented 
by lifestyle modified-diet and exercise, including calorie restriction and 
the increase of protein, calcium, and vitamin D supplement [13].

However, there is little specific guidance on the impact of disease 
severity and body composition parameters on nutritional status in RTT. 
International expert consensus recommends dual-energy X-ray absorp
tiometry (DXA) for body composition assessment, with bioelectrical 
impedance analysis (BIA) as a secondary option. This study chose BIA for 
its convenience and cost, although its accuracy may decline in cases of 
severe obesity or fluid changes. In contrast, DXA is costly and less reli
able for obese individuals, and to sedate patients for DXA may be 
difficult for individuals with RTT. Therefore, this research explored the 
associated factors of nutritional issues and body composition in RTT 
individuals in Taiwan through dietary assessment and BIA 
measurements.

2. Materials and methods

This study was approved by the Institutional Review Board of Na
tional Taiwan University Hospital. Individuals, who met the clinical 
diagnostic criteria for RTT, were enrolled. The clinical severity and 
dystonia status were evaluated by two pediatric neurologists using the 
Clinical Severity Score (Percy scale) and Burke-Fahn-Marsden- 
movement scale (BFMMS) [14,15]. The Severity Score consists of mul
tiple questions concerning growth, motor, scoliosis, language, respira
tory dysfunction and epilepsy condition. The BFMMS was applied to 
assess the severity of dystonia. The higher scores demonstrate greater 
severities.

Individuals with RTT were evaluated and followed up at the Inte
grated Rett Syndrome Clinic at National Taiwan University Children’s 
Hospital (NTUCH), when individuals participated in nutritional 
consultation and anthropometric measurement. The complete nutri
tional assessment was undertaken twice annually. Dietary question
naires were completed by registered dietitian. Assessment of usual 
dietary pattern, food consistency and preferences, and length of typical 
mealtime were recorded by the dietitian. The evaluations of nutrient 
intakes were determined by the 24-h diet recall and 3-day food records. 
Caregivers recorded the type and quantity of foods, beverages, and 
supplements, and some caregivers used electronic scale to measure food 
quantity. The dietary records were confirmed again with the food 
models and were filled up the details of the records. In our study, in 
addition to having caregivers to record their diet for three days, we also 
incorporated a digital 24-h dietary recall and food weighing methods to 
reduce errors in estimating food portions, and some caregivers docu
mented dietary intake with a digital 24-h recall and food weighing 
methods to minimize errors in portion size estimation.

The assessment of dietary intake, including energy, carbohydrate, 
protein, fat, micronutrients content of foods and supplements, were 
analyzed by the database of food analysis and the manufacturers’ label 
in Taiwan. The nutrient intakes were compared with the Dietary 
Reference Intakes (DRIs) criterion for Taiwanese (8th edition) (Admin
istration, 2020). The laboratory analysis of nutritional status was all 
performed.

Anthropometric measurements were done about every 3~6 months 
by a fixed stadiometer or seat-type weighing scale. The cut-points of 
underweight or obesity were set by body mass index (BMI) with the age- 
specific percentile reference in Taiwan [16]. Adult body weight 

standards from the Ministry of Health and Welfare in Taiwan: Under
weight is BMI < 18.5 kg/m2, overweight is BMI 24–27 kg/m2, and 
obesity is BMI > 27 kg/m2. Body composition was predicted using an In 
Body S10 device. This device is adopted in the BIA with multi-frequency 
technique using equations based on impedance, age, height, and weight. 
The individual was sitting on a chair with legs apart and arms not 
touching. The measurement values included the percent of body fat 
(PBF) and fat free mass (FFM). The Fat Free Mass Index (FFMI) was 
defined as FFM (kg) divided by the height squared (m2); the Appen
dicular Skeletal Muscle Index (ASMI) was defined as the upper and 
lower limb skeletal muscle mass (kg) divided by the height squared (m2). 
Sarcopenia was defined as ASMI< 5.7 kg/m2 by BIA in females [17]. The 
sarcopenic obesity was defined as ASM/Weight (ASMR) < 25.7, 
BMI≧25 kg/m2 and VFA≧100 cm2 in adult female (Chen et al., 2017). 
Besides, the pediatric sarcopenia was characterized by reduced appen
dicular skeletal muscle mass lower than the sex- and age-specific 3rd 
percentiles reference values [18]. Malnutrition in adults was defined 
based on either a low BMI (<18.5 kg/m2) or combined unintentional 
weight loss and at least either reduced BMI or FFMI<15 kg/m2 in female 
[19]. All methods were carried out in accordance with relevant guide
lines and regulations of our hospital. Informed consent was obtained 
from their caregivers as parts of the evaluation in the Integrated Rett 
Syndrome Clinic.

2.1. Statistical analysis

Results were expressed as mean, standard deviation (SD), number of 
cases, and percentage. The data were shown as means ± SD. Statistical 
analysis was done using independent T-test, Chi-square test, Fisher’s 
exact test for comparing categorical variables. Statistical difference was 
significant at p < 0.05. The Logistic regression for the effect of different 
characteristics of RTT with an individual’s underweight was also done. 
Data were analyzed using SAS 9.4.

3. Results

3.1. Nutritional assessment

Total 40 individuals with RTT were done for the nutritional assess
ment and growth measurements by age groups in Table 1. Dietary en
ergy intake consisted of 50.3 %–51.6 % in carbohydrates, 32.8 %–34 % 
in fat, and 15.4 %–16.8 % in protein, with no significant differences 
among age groups. Energy intake below DRI criterion varied in 3 groups 
(81.81 % in children, 100 % in adolescents, and 72.22 % in adults, p =
0.1655) without significant difference. There was also no significant 
difference in protein intake below DRI in 3 groups (9.09 % in children, 
54.55 % in adolescents, and 27.78 % in adults, p = 0.0755). However, 
the DRI percentage was significantly lower in the 8–18 age group for 
energy intake (73.82 ± 10.46, p = 0.0099) and protein intake (110.65 
± 29.94, p = 0.0004). The BMI was also significant lower in the 8–18 age 
group (14.79 ± 2.58, p = 0.0003). Severe growth deficits (45.45 %, p =
0.2329) and underweight (63.64 %, p = 0.2637) were also most com
mon in this age group, without significant differences (Table 1).

Calcium and iron insufficient intake exceeded 72.73 % across age 
groups, showing no significant differences (p = 0.1478 for calcium and 
p = 0.4078 for iron). Adults exhibited significantly higher proportions of 
insufficient magnesium (88.89 %, p = 0.0125) and zinc (100 %, p <
0.0001) intake (Fig. 1). Lastly, only one individual out of 40 met the DRI 
criterion for dietary fiber intake.

3.2. Nutritional assessment and disease severity

Total 37 individuals were evaluated with the Clinical Severity Score 
to assess the disease severity (Table 2). The percentage of severe growth 
deficit was significantly higher in those with higher score (p = 0.0023). 
The DRI percentage for age of dietary protein and zinc intakes were 
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significantly lower in RTT with higher severity score (p = 0.0306 for 
protein and p = 0.0236 for zinc). The percentage of zinc intake < DRI 
criteria was also significantly higher in those with higher score (p =
0.0263). The DRI percentage of energy intake was lower in individuals 
with severe disease without significance (88.87 vs. 81.04 %, p =
0.0819). No significant differences were observed for other micro
nutrients, including calcium, magnesium, phosphate, and iron.

3.3. Body composition

A total of 29 individuals was evaluated for body composition by BIA. 
The body composition, motor and severity scores of cohorts by age 
group were shown in Table 3. Significant differences were found in FMI 
(p = 0.0033), PBF (p = 0.0086), FFMI (p = 0.0345), and ASMI (p =
0.0123) among age groups, indicating variations in body fat and skeletal 
muscle measurements. Notably, sarcopenic issues were prevalent in 
adolescents (100 %) and adults (93.33 %) (p = 0.0276). Although the 
percentage of sarcopenic obesity was higher in adult group (26.67 vs. 
12.50 %, p = 0.4542), it was not statistically significant (Fig. 2). How
ever, the waist circumference was significantly higher in adult group 
(Table 3, p < 0.0001).

In adult group with RTT (mean age 28.07 ± 7.19 years), the higher 

Table 1 
Nutritional assessment of the cohort by age group.

0~8y (N = 11) 8~18y (N = 11) ≥18y (N = 18) P-Value

Age(y), Mean (SD) 4.81 ( 1.55) 11.56 ( 3.29) 27.23 ( 6.99) <0.0001
Growth Deficit, n (%) ​ ​ ​ 0.2329

Mild 7 ( 63.64) 3 ( 27.27) 5 ( 27.78) ​
Moderate 3 ( 27.27) 3 ( 27.27) 8 ( 44.44) ​
Severe 1 ( 9.09) 5 ( 45.45) 5 ( 27.78) ​

Head Circumference (cm), Mean (SD) 47.14 ( 3.53) 49.58 (1.49) 51.33 ( 2.29) 0.0005
BMI (Body Mass Index, kg/m2), Mean (SD) 15.21 ( 2.44) 14.79 (2.58) 20.15 ( 4.57) 0.0003

Underweight, n (%) 2 ( 18.18) 7 ( 63.64) 6 ( 33.33) 0.2637
Normal Weight, n (%) 6 ( 54.55) 3 ( 27.27) 7 ( 38.89) ​
Overweight, n (%) 2 ( 18.18) 1 ( 9.09) 5 ( 27.78) ​
Obesity, n (%) 1 ( 9.09) 0 ( 0.00) 0 ( 0.00) ​

Nutrients intake, Mean (SD)
Energy (Kcal) 1181.00 (269.29) 1344.82 (149.57) 1349.78 (214.94) 0.1074
Protein (% E) 15.42 ( 2.38) 15.55 ( 2.52) 16.81 ( 2.30) 0.2204
Carbohydrate (% E) 50.55 ( 9.07) 51.59 ( 7.45) 50.33 ( 7.89) 0.9179
Fats (% E) 34.03 ( 8.31) 32.86 ( 7.23) 32.86 ( 8.52) 0.9211
Saturated Fats (% E) 10.86 ( 2.91) 9.57 ( 5.32) 9.39 ( 3.87) 0.6256
Protein (g) 45.79 ( 13.39) 52.15 ( 9.57) 56.44 ( 9.89) 0.0487
Carbohydrate (g) 148.38 ( 38.25) 173.50 ( 31.55) 168.52 ( 33.96) 0.1984
Fats (g) 41.46 ( 17.85) 48.25 ( 12.67) 51.52 ( 17.79) 0.2957
Saturated Fats (g) 14.60 ( 6.60) 14.18 ( 7.30) 14.40 ( 7.05) 0.9902
Dietary Fiber (g) 7.32 ( 4.02) 10.65 ( 5.03) 10.12 ( 5.52) 0.2440
Calcium (mg) 501.18 (251.01) 538.55 (262.06) 630.50 (334.75) 0.4841
Magnesium (mg) 153.00 ( 47.26) 179.73 ( 61.69) 191.22 ( 78.35) 0.3345
Phosphate (mg) 673.36 (172.87) 779.36 (172.56) 767.11 (191.71) 0.3171
Iron (mg) 7.76 ( 2.41) 8.45 ( 4.33) 8.29 ( 5.38) 0.9297
Zinc (mg) 6.35 ( 1.54) 6.86 ( 2.03) 7.09 ( 1.30) 0.4731

DRI %, Mean (SD)
Energy 84.28 ( 13.45) 73.82 ( 10.46) 89.61 ( 13.54) 0.0099
Protein 168.92 ( 57.83) 110.65 ( 29.94) 111.78 ( 20.20) 0.0004
Calcium 89.56 ( 54.81) 55.35 ( 24.17) 62.17 ( 33.81) 0.0956
Magnesium 144.54 ( 67.81) 83.38 ( 37.65) 59.63 ( 24.57) <0.0001
Phosphate 142.78 ( 44.35) 104.42 ( 32.76) 93.75 ( 24.61) 0.0016
Iron 77.57 ( 24.08) 71.17 ( 47.14) 55.21 ( 35.80) ​
Zinc 127.01 ( 31.04) 95.93 ( 52.02) 59.20 ( 10.88) <0.0001

<DRI Criterion, n (%)
Energy 9 ( 81.81) 11 (100.00) 13 ( 72.22) 0.1655
Protein 1 ( 9.09) 6 ( 54.55) 5 ( 27.78) 0.0755
Calcium 8 ( 72.73) 11 (100.00) 16 ( 88.89) 0.1478
Magnesium 4 ( 36.36) 8 ( 72.73) 16 ( 88.89) 0.0125
Phosphate 2 ( 18.18) 6 ( 54.55) 11 ( 61.11) 0.0690
Iron 8 ( 72.73) 8 ( 72.73) 16 ( 88.89) 0.4078
Zinc 3 ( 27.27) 7 ( 63.64) 18 (100.00) <0.0001
Dietary Fiber 11 (100.00) 11 (100.00) 17 ( 94.44) 1.0000

Carbohydrate (<50 %E-AMDR), n ( %) 5 ( 45.45) 5 ( 45.45) 8 ( 44.44) 1.0000
Saturated Fats (>10 %E-AMDR), n ( %) 7 ( 63.64) 5 ( 45.45) 7 ( 38.89) 0.5124

Abbreviations: Descriptive Statistic (Mean, Standard Deviation, Number of Cases, Percentage).

Fig. 1. Proportions of intake below Dietary Reference Intake (DRI) standards. 
Adults exhibited significantly higher proportions of insufficient magnesium 
(88.89 %, p = 0.0125) and zinc (100 %, p < 0.0001) intake.
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dystonia (45.07 ± 19.55, p = 0.0234) and severity scores (23.64 ± 6.97, 
p = 0.1366) were observed. Although the mean values for VFA (116.18 
± 58.94 cm2, p = 0.0006), PBF (39.14 ± 10.34 %, p = 0.0086), FFMI 
(12.25 ± 1.55 kg/m2, p = 0.0345), and ASMI (3.81 ± 0.99 kg/m2, p =
0.0123) were significantly higher in adult group, only 4 individuals 
(26.67 %, p = 0.4542) met the diagnostic criteria for sarcopenic obesity 
in adult group. These proportions were not significantly different from 
those in children and adolescents.

In the 8–18 years age group (mean: 11.83 ± 4.17 years), mean values 
for FFM (21.38 ± 4.80 kg), SMM (10.32 ± 2.87 kg), ASMI (3.1 ± 0.82 
kg/m2), and ASMR (20.23 ± 5.06) fell below the 3rd percentiles. All 
individuals met the pediatric sarcopenia criteria [18] (p = 0.0276). In 
those under 8 years old (mean age: 5.25 ± 1.98 years), mean values for 
FFM (13.8 ± 5.29 kg), SMM (5.9 ± 3.04 kg), ASMI (2.48 ± 0.96 kg/m2), 
and ASMR (16.08 ± 5.03) were below the 3rd percentiles, with 50 % 
meeting pediatric sarcopenia criteria. Additionally, in both age groups 
(8–18 years and <8 years), mean PBF (27.80 % vs. 26.07 %) and FMI 
(4.43 vs. 4.10 kg/m2) met the 25-50th percentiles for Chinese children 
and adolescents [20].

3.4. Body composition and dystonia severity

Based on the medium value of the dystonia severity scale (BFMMS), 

it was classified into lower and higher score groups (Table 4). In lower 
and higher BFMMS score groups, significant differences were observed 
in mean age (10.80 ± 8.34 vs. 25.54 ± 8.71 years, p = 0.0001), body 
height (124.70 ± 20.84 vs. 143.90 ± 8.28 cm, p = 0040), body weight 
(26.79 ± 13.91 vs. 41.81 ± 10.83, p = 0.0041), BMI (16.19 ± 3.78 vs. 
20.12 ± 4.69 kg/m2, p = 0.0212), and body fat percentage (28.58 ±
9.63 % vs. 38.38 ± 11.15 %, p = 0.0192) (Table 4). However, regression 
analysis revealed no statistically significant differences in body fat 
percentage with respect to age, body height, body weight, and body 
mass index (BMI) in the studied individuals (p = 0.5181). Additionally, 
disease severity scores (16.33 ± 6.85 vs. 25.00 ± 6.72, p = 0.0029) and 
dystonia (0.20 ± 0.41 vs. 1.42 ± 1.51, p = 0.0182) were significantly 
higher in adults compared to younger individuals. However, no signif
icant differences were observed in lean body mass between the groups 
(p = 0.1039 for ASMI and p = 0.7990 for ASMR).

3.5. Body composition and underweight

Total 29 subjects were categorized as non-underweight and under
weight (<5th percentile on BMI) for comparison in terms of body 
composition, motor function, and severity scores (Table 5). Significant 
lower values were observed in BMI (19.62 ± 4.45 vs. 14.57 ± 2.18 kg/ 
m2, p = 0.0003), PBF (37.33 ± 10.33 % vs. 24.38 ± 7.23 %, p =
0.0022), VFA (95.81 ± 6.00 vs. 43.88 ± 21.85 cm2, p = 0.0030), and AC 
(23.66 ± 5.15 cm vs. 19.90 ± 2.61 cm2, p = 0.0492) in underweight 
group (Table 5). Dystonia and severity scores showed no significant 
differences between the groups. Regression analysis indicated that in
dividuals with underweight and severe growth deficit were more likely 
to experience a decrease in PBF and VFA (OR = 0.737, p = 0.0304 for 
PBF and OR = 0.939, p = 0.0447 for VFA) (Table 6).

4. Discussion

In recent years, increasing attention has been paid to the problems of 
obesity or sarcopenic obesity in individuals with mobility difficulties or 
neurological damage. Our cohort findings showed that 27.3 % of young 
children and 27.8 % of adults met the criteria for overweight and obesity 
by BMI category. Considering the differences in body types among 
ethnicities, we adopted the definition of sarcopenic obesity for elderly 
females as defined by a study from Taiwan (Chen et al. in 2017); that is 
ASMR < 25.7, BMI > 25 kg/m2, and VFA > 100 cm2. Among the 15 RTT 
females, 4 (26.67 %) met this standard. If we were to use the standards 
from the Korean study proposed in the 2022 ESPEN guidelines (ASMR <
32.2 and BF > 36.5 %), then 9 (60 %) would be classified as sarcopenic 
obesity. Therefore, it is not suitable to adopt the standards for young 
adults [21]. International expert consensus recommends dual-energy 
X-ray absorptiometry (DXA) for body composition assessment, with 
BIA as a secondary option. Our study chose BIA for its convenience and 
cost, although its accuracy may decline in cases of severe obesity or fluid 
changes. To reduce biases from BIA devices, we implemented annual 
simplified BIA assessments for patient self-comparison. Additionally, 
measuring mid-upper arm circumference (MUAC) offers a quick way to 
assess changes in skeletal muscle mass. This method aligns with the 
2022 ESPEN guidelines for diagnosing sarcopenic obesity. The presence 
of sleep or motor and coordination difficulties may increase risk of 
overweight and obesity [22]. Insufficient physical activity in children 
with RTT may be associated with increased risk of obesity. It is recom
mended that regular exercise at least 3 times a day with 15 min walking 
will improve lung health, metabolic rate, and weight control in RTT 
[23]. However, assessing physical activity intensity in RTT patients is 
challenging, leading to potential estimation bias in their nutritional 
needs. Future research could use video recordings of physical activity 
and muscle strength, along with activity logs, to better understand their 
actual needs. Studies show a correlation between muscle strength and 
sarcopenic obesity, highlighting the importance of accurate assessments.

Most of our cohort children were diagnosed with pediatric 

Table 2 
Nutritional assessment of the cohort by severity scores.

Total N = 37 Lower Higher Score P- 
Value

(Severity Score Median = 22) Score(N = 18) (N = 19)

Age(y), Mean (SD) 12.58 ( 9.93) 19.32 ( 11.18) 0.0609
Growth Deficit, n (%) ​ ​ 0.0023

Mild 12 ( 66.67) 3 ( 15.79) ​
Moderate 5 ( 27.78) 7 ( 36.84) ​
Severe 1 ( 5.56) 9 ( 47.37) ​

Head Circumference(cm), Mean 
(SD)

49.94 ( 3.04) 49.37 ( 3.05) 0.5691

BMI (Body Mass Index, kg/m2), 
Mean (SD)

17.86 ( 4.12) 17.31 ( 4.68) 0.7078

Underweight, n (%) 4 ( 22.22) 8 ( 42.11) 0.4725
Normal Weight, n (%) 8 ( 44.44) 8 ( 42.11) ​
Overweight, n (%) 5 ( 27.78) 3 ( 15.79) ​
Obesity, n (%) 1 ( 5.56) 0 ( 0.00) ​

Osteopenia, n (%) 1 ( 6.25) 2 ( 13.33) 0.5996
Sarcopenia, n (%) 11 ( 61.11) 12 ( 92.31) 0.3333
Sarcopenic Obesity, n (%) 2 ( 13.33) 3 ( 23.08) 0.6389
Nutrients intake, Mean (SD)

Protein (% E) 15.49 ( 2.28) 16.58 ( 2.59) 0.1853
Carbohydrate (% E) 49.79 ( 8.55) 51.63 ( 7.95) 0.5033
Fats (% E) 34.72 ( 8.76) 31.80 ( 7.58) 0.2846
Saturated Fats (% E) 10.46 ( 3.15) 10.00 ( 4.43) 0.7217
Energy (DRI %) 88.87 ( 11.59) 81.04 ( 14.71) 0.0819
Protein (DRI %) 146.47 ( 52.11) 114.67 ( 28.44) 0.0306
Calcium (DRI %) 60.86 ( 47.93) 70.79 ( 34.24) 0.4714
Magnesium (DRI %) 94.90 ( 56.97) 88.77 ( 57.61) 0.7471
Phosphate (DRI %) 117.66 ( 45.63) 106.38 ( 31.65) 0.3862
Iron (DRI %) 65.13 ( 29.41) 65.32 ( 42.64) 0.9877
Zinc (DRI %) 106.83 ( 51.86) 73.89 ( 26.57) 0.0236

<DRI Criterion, n (%)
Energy 14 ( 77.78) 16 ( 84.21) 0.6928
Protein 3 ( 16.67) 7 ( 36.84) 0.2691
Calcium 16 ( 88.89) 16 ( 84.21) 0.6774
Magnesium 13 ( 72.22) 13 ( 68.42) 0.8004
Phosphate 7 ( 38.89) 10 ( 52.63) 0.4018
Iron 14 ( 77.78) 16 ( 84.21) 0.6928
Zinc 9 ( 50.00) 16 ( 84.21) 0.0263
Dietary Fiber 18 (100.00) 19 (100.00) NA

Carbohydrate (<50 %E-AMDR), 
n (%)

8 ( 44.44) 9 ( 47.37) 0.8584

Saturated Fats (>10 %E-AMDR), 
n (%)

10 ( 55.56) 8 ( 42.11) 0.4018

Abbreviations: Subjects Classified into Two Group by Median Severity Score. 
Significance Tests Were Based Upon Independent T Test, Chi-Square Test, 
Fisher’s Exact Test.
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sarcopenia, whose skeletal muscle mass was lower than the sex-specific 
and age-specific 3rd percentiles reference values [18]. The highest se
vere growth and underweight ratio were more prevalent in children and 

adolescents in our RTT cohort. Moreover, individuals’ underweight with 
severe growth deficit was more likely to show a decrease in body fat, 
visceral fat and arm circumference. The use of MUAC can effectively 
screen for malnutrition in children [24]. Measurement errors in BIA can 
lead to underweight children having underestimated body fat and 
overestimated muscle, while obese children may have overestimated 
body fat and underestimated muscle [25]. However, these results were 
similar to the previous study, which showed that lower energy re
quirements and lower body composition parameters (FM and FFM) may 
be attributed to insufficient physical activity and consumption of nu
trients in CP children with higher muscle tone [26].

The nutritional supplementation and personalized diet are necessary 
in RTT. Increasing weight-bearing activity and intake of adequate cal
cium and vitamin D are the first steps in maintaining bone health [27]. 
Due to dysphagia and feeding difficulties in RTT, the choice of food is 
severely restricted. Patients with RTT often experience chewing and 
swallowing difficulties. Similar to previous studies, this research in
dicates that improving nutritional status requires assistance in providing 
appropriate feeding postures and utensils. The food texture should be 
soft and finely mashed, or even pureed, and should be given in small 
bites. Additionally, the consistency of liquid foods must be adjusted 
based on the patient’s swallowing ability [1]. There is insufficient intake 
of micronutrient-rich food, including zinc-rich foods such as seafood, 
shellfish, and red meat, and the magnesium-rich foods such as green 

Table 3 
Body composition, motor and severity scores of the cohort by age group.

Total N = 29 0~8y (N = 8) 8~18y (N = 6) ≥18y (N = 15) P-Value

Mean (SD) Mean (SD) Mean (SD)

Age (y) 5.25 ( 1.98) 11.83 ( 4.17) 28.07 ( 7.19) <0.0001
Height (cm) 111.56 ( 17.24) 137.20 ( 14.03) 144.33 ( 7.29) <0.0001
Body Weight (kg) 19.63 ( 8.74) 29.33 ( 8.26) 43.31 ( 11.15) <0.0001
BMI (Body Mass Index, kg/m2) 15.18 ( 2.83) 15.35 ( 2.08) 20.67 ( 4.50) 0.0024
FAT Mass (kg) 5.83 ( 4.03) 7.95 ( 3.93) 17.73 ( 7.89) 0.0004
FMI (FAT Mass Index, kg/m2) 4.43 ( 2.25) 4.10 ( 1.46) 8.47 ( 3.62) 0.0033
PBF (Percent Body Fat, %) 27.80 ( 10.03) 26.07 ( 6.60) 39.14 ( 10.34) 0.0086
VFA (Visceral Fat Area, cm2) 38.99 ( 23.05) 42.75 ( 20.96) 116.18 ( 58.94) 0.0006
FFM (Fat Free Mass, Kg) 13.80 ( 5.29) 21.38 ( 4.80) 25.59 ( 5.04) <0.0001
FFMI (Fat Free Mass Index, kg/m2) 10.74 ( 0.94) 11.25 ( 0.87) 12.25 ( 1.55) 0.0345
SMM (Skeletal Muscle Mass, kg) 5.91 ( 3.04) 10.32 ( 2.87) 12.81 ( 3.12) 0.0001
ASM (Appendicular Skeletal Muscle Mass, kg) 3.30 ( 2.14) 6.09 ( 2.67) 8.10 ( 2.80) 0.0012
ASMI (Appendicular Skeletal Muscle Index, kg/m2) 2.48 ( 0.96) 3.10 ( 0.82) 3.81 ( 0.99) 0.0123
ASMR (Appendicular Skeletal Muscle Mass Weight Ratio) 16.08 ( 5.03) 20.23 ( 5.06) 18.66 ( 3.39) 0.1896
AC (Arm Circumference, cm) 18.34 ( 2.97) 20.27 ( 2.23) 25.60 ( 4.20) 0.0002
Waist Cir. (cm) 53.96 ( 5.69) 61.77 ( 6.01) 76.99 ( 13.16) <0.0001
Sarcopenia, n (%) 4 ( 50.00) 6 ( 100.00) 14 ( 93.33) 0.0276
Sarcopenic Obesity, n (%) 1 ( 12.50) 0 ( 0.00) 4 ( 26.67) 0.4542
Burke-Fahn-Marsden-Movement Scale (BFMMS)

Eyes 0.06 ( 0.18) 0.08 ( 0.20) 0.14 ( 0.31) 1.0000
Mouth 0.31 ( 0.26) 1.08 ( 1.16) 2.57 ( 1.54) 0.0087
Swallow 0.38 ( 0.52) 0.33 ( 0.52) 0.29 ( 0.61) 0.5289
Neck 0.31 ( 0.7) 7.67 ( 10.61) 13.14 ( 8.22) 0.0004
Arm 0.50 ( 0.93) 7.82 ( 9.44) 13.75 ( 7.83) 0.0004
Leg 3.00 ( 1.93) 8.00 ( 7.90) 16.29 (1052.00) 0.0313
Trunk 0.88 ( 2.10) 4.17 ( 3.97) 8.93 ( 5.40) 0.0051
Sum 5.44 ( 3.76) 22.58 ( 19.73) 45.07 ( 19.55) 0.0234

Severity Scores
Age Regression 2.38 ( 1.19) 2.33 ( 0.82) 3.14 ( 1.02) 0.0524
Somatic Growth 1.00 ( 1.41) 2.67 ( 1.75) 0.93 ( 1.59) 0.2979
Head Growth 1.13 ( 1.81) 0.67 ( 1.21) 2.21 ( 2.01) 0.1948
Motor 0.25 ( 0.46) 0.67 ( 0.52) 1.07 ( 1.54) 0.6304
Ambulation 1.50 ( 1.51) 1.33 ( 1.86) 2.00 ( 1.71) 0.5915
Hand Use 1.88 ( 1.13) 1.50 ( 1.05) 2.43 ( 1.09) 0.8992
Scoliosis 0.38 ( 0.52) 1.50 ( 1.05) 2.71 ( 1.54) 0.0063
Language 3.13 ( 0.99) 2.50 ( 1.22) 3.29 ( 0.99) 0.1716
Nonverbal Communication 0.88 ( 0.83) 0.33 ( 0.82) 1.00 ( 0.96) 0.5878
Respiratory Dysfunction 0.63 ( 0.52) 0.67 ( 1.21) 0.29 ( 0.47) 0.0732
Autonomic Symptoms 0.75 ( 0.71) 1.17 ( 1.17) 1.50 ( 1.16) 0.5089
Stereotypies 1.75 ( 0.71) 2.33 ( 1.37) 2.79 ( 0.80) 0.1031
Epilepsy 0.00 ( 0.00) 1.00 ( 1.67) 0.36 ( 0.63) 0.5033
Total Severity 15.63 ( 6.39) 18.67 ( 8.91) 23.64 ( 6.97) 0.1366

Abbreviations: Descriptive Statistic (Mean, Standard Deviation, Number of Cases, Percentage).

Fig. 2. Prevalence of sarcopenia and sarcopenic obesity by age group. Although 
the percentage of sarcopenic obesity was higher in adult group, it was not 
statistically significant.
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vegetable and nuts. Our study showed the DRI percentage of dietary 
protein and zinc intakes was significantly lower in RTT with higher 
disease severity (p < 0.05). Meanwhile, the proportion of insufficient 
iron intake was higher in individuals with severe disease (84.21 %). 
Some individuals in our cohort are unable to consume milk due to 
lactose intolerance and are prone to be lack of calcium. Therefore, in
dividuals with RTT are advised to take nutritional supplements, 
including multiple vitamin and mineral, probiotics, and nutritional 
formula. Recommended dietary modifications include selecting a vari
ety of ingredients rich in micronutrients, while preparing them into 
easy-to-chew, bite-sized pieces or pureed foods. This should be com
bined with frequent small meals and oral nutrition supplementation 
(ONS) to replenish any potentially lacking micronutrients. Similar to the 

individuals with autism, the risk factors of malnutrition include 
restrictive eating behaviors, more limited food repertoires, feeding 
problems, and gastrointestinal malabsorption. The insufficient intake of 
vitamin, high oxidative stress, and decreased energy utilization ability 
are also significantly different in different autism severity. The 
vitamin-mineral supplementation has been shown to improve the 
nutritional status and oxidative stress in children with autism [28–31]. 
Therefore, nutritional supplements, including multiple vitamin and 
mineral, probiotics, and nutritional formula, may also improve the 
nutritional status of individuals with RTT.

The appropriate nutritional supplements (zinc, magnesium, calcium, 
and iron) in RTT are given to meet the individual’s requirement and 
improvement of epilepsy. Zinc deficiency may affect normal growth, 
development, and maintenance of cell function. The zinc homeostasis is 

Table 4 
Body composition of the cohort by BFMMS scores.

Lower Score Higher 
Score

P- 
Value

Total N = 28 (N = 15) (N = 13)

(BFMMS Score Median = 28.25) Mean (SD) Mean (SD)

Age (y) 10.80 ( 8.34) 25.54 ( 
8.71)

0.0001

Height (cm) 124.70 (20.84) 143.90 ( 
8.28)

0.0040

Body Weight (kg) 26.79 (13.91) 41.81 
(10.83)

0.0041

BMI (Body Mass Index, kg/m2) 16.19 ( 3.78) 20.12 ( 
4.69)

0.0212

FAT Mass (kg) 8.37 ( 6.40) 16.95 ( 
8.48)

0.0053

FMI (FAT Mass Index, kg/m2) 4.90 ( 2.52) 8.18 ( 4.00) 0.0140
PBF (Percent Body Fat, %) 28.58 ( 9.63) 38.38 

(11.15)
0.0192

VFA (Visceral Fat Area, cm2) 50.81 (37.32) 112.18 
(64.62)

0.0043

FFM (Fat Free Mass, kg) 18.42 ( 8.07) 24.86 ( 
3.97)

0.0243

FFMI (Fat Free Mass Index (kg/m2) 11.34 ( 1.66) 11.95 ( 
1.14)

0.2718

SMM (Skeletal Muscle Mass, kg) 8.66 ( 4.80) 12.32 ( 
2.47)

0.0171

ULSMI (Upper Limb Skeletal Muscle 
Index, kg/m2)

0.75 ( 0.35) 0.91 ( 0.29) 0.2139

LLSMI (Lower Limb Skeletal Muscle 
Index, kg/m2)

2.22 ( 0.93) 2.75 ( 0.66) 0.0989

ASMI (Appendicular Skeletal Muscle 
Index, kg/m2)

2.98 ( 1.20) 3.66 ( 0.89) 0.1039

ASMR (Appendicular Skeletal Muscle 
Mass Weight Ratio)

18.09 ( 4.85) 18.53 4.07) 0.7990

AC (Arm Circumference, cm) 20.21 ( 4.19) 25.06 ( 
4.43)

0.0063

AMC (Arm Muscle Circumference, cm) 16.31 ( 3.63) 20.46 ( 
3.09)

0.0034

Waist Cir.(cm) 60.44 (11.77) 75.68 
(13.82)

0.0041

Severity Scores
Age Regression 2.27 ( 0.88) 3.33 ( 1.07) 0.0090
Somatic Growth 1.40 ( 1.64) 1.33 ( 1.83) 0.9212
Head Growth 1.07 ( 1.71) 2.00 ( 1.95) 0.1978
Motor 0.20 ( 0.41) 1.42 ( 1.51) 0.0182
Ambulation 1.33 ( 1.45) 2.25 ( 1.86) 0.1624
Hand Use 1.73 ( 1.10) 2.50 ( 1.09) 0.0825
Scoliosis 1.00 ( 1.41) 2.83 ( 1.19) 0.0014
Language 2.60 ( 1.06) 3.58 ( 0.79) 0.0130
Nonverbal Communication 0.93 ( 0.88) 0.67 ( 0.98) 0.4658
Respiratory Dysfunction 0.67 ( 0.82) 0.25 ( 0.45) 0.1266
Autonomic Symptoms 0.93 ( 0.88) 1.50 ( 1.24) 0.1785
Stereotypies 2.00 ( 0.93) 2.83 ( 0.94) 0.0293
Epilepsy 0.20 ( 0.56) 0.58 ( 1.24) 0.2940
Total Severity 16.33 ( 6.85) 25.00 ( 

6.72)
0.0029

Abbreviations: Subjects Classified into Two Group by Median Score. Significance 
Tests Were Based Upon Independent T Test, Chi-Square Test, Fisher’s Exact Test.

Table 5 
Body composition, motor and severity scores of the cohort by underweight 
group.

Total N = 29 Non-Underweight 
(N = 20)

Underweight (N 
= 9)

P-Value

Mean (SD) Mean (SD)

Age (y) 18.15 (12.31) 19.00 (11.17) 0.8610
Height (cm) 131.50 (19.88) 138.90 (14.37) 0.3288
Body Weight (kg) 36.18 (15.86) 28.80 ( 8.56) 0.2033
BMI (Body Mass Index, kg/ 

m2)
19.62 ( 4.45) 14.57 ( 2.18) 0.0003

FAT Mass (kg) 14.65 ( 8.88) 7.48 ( 4.11) 0.0062
PBF (Percent Body Fat, %) 37.33 (10.33) 24.38 ( 7.23) 0.0022
VFA (Visceral Fat Area, cm2) 95.81 ( 6.00) 43.88 (21.85) 0.0030
FFM (Fat Free Mass, kg) 21.53 ( 7.93) 21.32 ( 4.97) 0.9431
FFMI (Fat Free Mass Index 

(kg/m2)
11.96 ( 1.52) 10.89 ( 0.84) 0.0599

SMI (Skeletal Muscle Index, 
kg/m2)

3.42 ( 1.21) 3.04 ( 0.74) 0.4044

ULSMI (Upper Limb Skeletal 
Muscle Index, kg/m2)

0.91 ( 0.34) 0.62 ( 0.13) 0.0204

LLSMI (Lower Limb Skeletal 
Muscle Index, kg/m2)

2.49 ( 0.92) 2.44 ( 0.63) 0.8762

ASMI (Appendicular 
Skeletal Muscle Index, kg/ 
m2)

3.41 ( 1.22) 3.06 ( 0.73) 0.4359

ASMR (Appendicular 
Skeletal Muscle Mass 
Weight Ratio)

17.10 ( 4.19) 20.88 ( 3.67) 0.0276

AC (Arm Circumference, 
cm)

23.66 ( 5.15) 19.90 ( 2.61) 0.0492

Waist Cir. (cm) 69.92 (16.60) 62.09 ( 5.41) 0.0690
Burke-Fahn-Marsden-Movement Scale (BFMMS)

Eyes 0.08 ( 0.19) 0.17 ( 0.35) 0.5000
Mouth 1.53 ( 1.68) 1.78 ( 1.37) 0.6992
Swallow 0.26 ( 0.56) 0.44 ( 0.53) 0.4239
Neck 2.18 ( 2.33) 2.28 ( 2.31) 0.9214
Arm 6.42 ( 7.65) 12.44 (11.13) 0.1051
Leg 11.05 (10.15) 10.00 (10.44) 0.8014
Trunk 5.11 ( 5.57) 6.67 ( 5.72) 0.4981
Sum 26.63 (22.82) 33.78 (26.54) 0.4689

Severity Scores
Age Regression 2.70 ( 1.08) 2.88 ( 1.13) 0.7051
Somatic Growth 0.35 ( 0.67) 3.75 ( 0.46) <0.0001
Head Growth 1.75 ( 1.92) 1.13 ( 1.81) 0.4358
Motor 0.80 ( 1.36) 0.63 ( 0.52) 0.6263
Ambulation 1.80 ( 1.79) 1.50 ( 1.31) 0.6726
Hand Use 1.95 ( 1.15) 2.38 ( 1.06) 0.3742
Scoliosis 1.90 ( 1.80) 1.50 ( 0.76) 0.4159
Language 3.20 ( 1.11) 2.75 ( 0.89) 0.3153
Nonverbal 
Communication

0.85 ( 0.93) 0.75 ( 0.89) 0.7972

Respiratory Dysfunction 0.30 ( 0.47) 0.88 ( 0.99) 0.1533
Autonomic Symptoms 1.10 ( 0.97) 1.50 ( 1.31) 0.3800
Stereotypies 2.50 ( 0.95) 2.13 ( 1.13) 0.3771
Epilepsy 0.25 ( 0.55) 0.75 ( 1.49) 0.3826
Total Severity 19.40 ( 8.27) 22.50 ( 6.61) 0.3545

Abbreviations: Significance Tests Were Based Upon Independent T Test, Chi- 
Square Test, Fisher’s Exact Test.
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very important in regulating neuronal excitation and inhibition. The 
intake amount and the absorption of zinc affect zinc levels [32]. Mag
nesium is the essential and important nutrient acting as a cofactor in 
human biochemical reactions, including regulating muscle contraction, 
blood pressure and protein synthesis. Severe magnesium deficiency may 
cause epilepsy [33]. Therefore, sufficient intake of zinc and magnesium 
can decrease the severity of epilepsy in RTT.

The individualized complete nutritional assessments include the 
texture, type and quantity of consumed foods, and body composition by 
BIA. Regarding dietary intake for RTT, the research team collaborated 
with primary caregivers to develop practical meal recipes and conducts 
nutritional assessments and body composition analyses every six 
months. For several overweight patients, a calorie-restricted diet with 
reduced carbohydrate intake has helped with weight loss; for patients 
with sarcopenia, an increase in calorie and protein intake has been 
provided, resulting in observed improvements. Future studies will 
continue to explore the effects of nutritional interventions on body 
composition. They can provide appropriate nutritional advice, assess 
nutritional conditions (sarcopenia or obesity), and improve nutritional 
status. Experts recommend a comprehensive multidisciplinary approach 
for weight management in children with autism, referencing the 2007 
AAP guidelines. This includes using the Food Stoplight system to guide 
food choices, reducing high-energy-dense snacks, and ensuring 
adequate intake of quality protein and micronutrients [34]. Addition
ally, rehabilitation therapy should promote accessible physical activity. 
Downs et al. suggests that regular exercise, at least three times a day for 
15 min in each session, can enhance lung health, metabolic rate, and 
weight control, especially in individuals with RTT [23]. Dietary patterns 
show regional differences; however, when assessing individual 

nutritional status, such as caloric and nutrient intake, there is still 
general applicability of our study to other countries with different diet 
habit. The study on Polish girls with Rett syndrome found that they 
consumed fewer calories, fiber, and some micronutrients [35]. Thus, this 
research emphasizes the uniqueness of Asian dietary habits. The 
recommendation that RTT individuals under the age of 12 should un
dergo the nutritional assessment twice annually and annually thereafter 
had been proposed in the past [6]. Additionally, the 2017 guidelines 
from the European Society for Paediatric Gastroenterology, Hepatology 
and Nutrition (ESPGHAN) recommend biannual assessments using 
methods such as height, weight, skinfold thickness, and MUAC for 
children with neurological disorders. Regular monitoring of growth, 
body composition, and micronutrient levels is crucial for determining 
energy and nutrient needs to ensure children neither over- nor under
nourished [36]. In our cohort, initial assessments were conducted during 
outpatient treatment, followed by follow-ups two months later. If no 
malnutrition or mild risk for malnutrition was found, the next assess
ment would be three months later; if mild risk for malnutrition persisted, 
it would shift to every six months. If there is malnutrition at follow-ups, 
we will evaluate the individuals every month. Because our cohort, 
excluding one, had received Integrated Specific Clinic Care for more 
than 2 years, the children with higher disease severity did not show 
significant difference in body composition. Therefore, integrated clinic 
care is mandatory for individuals with RTT.

Although we followed up more than 50 % of individuals with RTT in 
Taiwan, the major limitation of the present study is the insufficient 
cases, and the complex characteristics of the group. Therefore, this 
should be considered in the future study involving a larger group, 
including other individuals in different countries.

5. Conclusions

The individuals’ underweight with severe growth deficit was more 
likely to show a decrease in body fat, visceral fat and arm circumference. 
The DRI percentage of dietary protein and zinc intakes was significantly 
lower in RTT with higher severity score. Furthermore, the highest severe 
growth and underweight ratio were among children and adolescents, 
whose daily calorie and protein intake were below DRI criterion and 
whose calcium intake was also insufficient. The micronutrients intake of 
calcium, magnesium, iron, and zinc was 70 % lower than DRIs in adults. 
Although not significant, some adult cohorts are underweight while 
others have sarcopenic obesity. Therefore, the complete assessment of 
dietary intake and body composition, including the simple conventional 
measurement of body weight and arm circumference, may detect po
tential nutritional disorders for individuals with RTT. Based on our 
findings, there is a need to determine the physical activity on nutritional 
status and body skeletal muscle mass separately in RTT for better care of 
this specific disease group. Therefore, to develop practical meal recipes 
with primary caregivers may be mandatory. For example, in overweight 
patients, a calorie-restricted diet with reduced carbohydrate intake may 
help with weight loss, and for individuals with sarcopenia, an increase in 
calorie and protein intake may be provided, which can result in observed 
improvements. Over the past decade, dietary data from multiple cases 
have been collected, and the effectiveness of nutrition interventions will 
continue to be analyzed. Future studies will continue to explore the long- 
term effects of nutritional interventions such as targeted nutritional 
interventions on body composition in RTT.
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Table 6 
Logistic regression for the effect of different characteristics of RTT with In
dividual’s underweight.

Univariate Model Multivariate Modela

OR (95 % CI) P- 
Value

OR (95 % CI) P- 
Value

Age(y) 1.006 ( 
0.940–1.077)

0.8548 1.023 ( 
0.879–1.189)

0.7726

Growth Deficit
Mild Ref. ​ ​ ​
Moderate 4.875 ( 

0.785–30.289)
0.0892 519.221 ( 0.382 

- >999.999)
0.0895

Severe 11.375 ( 
1.651–78.378)

0.0135 167.691 ( 0.847 
- >999.999)

0.0576

FMI (FAT Mass Index, 
kg/m2)

0.546 ( 
0.335–0.890)

0.0153 0.523 ( 
0.018–4.833)

0.7039

PBF (Percent Body 
Fat, %)

0.859 ( 
0.762–0.967)

0.0119 0.737 ( 
0.559–0.972)

0.0304

VFA (Visceral Fat 
Area, cm2)

0.973 ( 
0.947–1.000)

0.0474 0.939 ( 
0.883–0.999)

0.0447

FFM (Fat Free Mass, 
kg)

0.996 ( 
0.889–1.116)

0.9404 1.078 ( 
0.088–1.309)

0.4495

FFMI (Fat Free Mass 
Index, kg/m2)

0.447 ( 
0.187–1.065)

0.0692 0.309 ( 
0.083–1.155)

0.0809

ULSMI (Upper Limb 
Skeletal Muscle 
Index, kg/m2)

0.010 
(<0.001–0.838)

0.0415 323.542 
(<0.001 - 
>999.999)

0.6013

LLSMI (Lower Limb 
Skeletal Muscle 
Index, kg/m2)

0.923 ( 
0.350–2.432)

0.8706 >999.999 ( 
0.002 - 
>999.999)

0.2713

ASMI (Appendicular 
Skeletal Muscle 
Index, kg/m2)

0.728 ( 
0.334–1.585)

0.4238 96.705 ( 0.004 - 
>999.999

0.3694

ASMR (Appendicular 
Skeletal Muscle 
Mass Weight Ratio)

1.317 ( 
1.012–1.713)

0.0405 1.461 ( 
0.433–4.929)

0.5410

AC (Arm 
Circumference, cm)

0.809 ( 
0.646–1.012)

0.0633 0.656 ( 
0.430–1.001)

0.0503

Waist Cir.(cm) 0.953 ( 
0.888–1.023)

0.1842 0.905 ( 
0.791–1.035)

0.1453

a Adjusted Age, Growth Failure.

Y.-T. Chen et al.                                                                                                                                                                                                                                Journal of the Formosan Medical Association xxx (xxxx) xxx 

7 



Acknowledgments

The authors would like to express our thanks to the staff of National 
Taiwan University Hospital-Statistical Consulting Unit (NTUH-SCU) for 
statistical consultation and analyses. The authors also want to express 
our thanks for all families of RTT for attending this study.

Data availability

The datasets used during the current study were available from the 
corresponding author on reasonable request.

References

[1] Motil KJ, Beisang A, Smith-Hicks C, Lembo A, Standridge SM, Liu ED. 
Recommendations for the management of gastrointestinal comorbidities with or 
without trofinetide use in Rett syndrome. Expet Rev Gastroenterol Hepatol 2024; 
18:227–37. https://doi.org/10.1111/jgs.14722.

[2] Cronk JC, Derecki NC, Litvak V, Kipnis J. Unexpected cellular players in Rett 
syndrome pathology. Neurobiol Dis 2016;92:64–71. https://doi.org/10.1016/j. 
nbd.2015.05.005.

[3] Wong LC, Chen YT, Tsai SM, Lin YJ, Hsu CJ, Wang HP, Lee WT. Dietary intake and 
growth deficits in Rett syndrome-A cross-section study. Autism Res 2021;14(7): 
1512–21. https://doi.org/10.1002/aur.2508.

[4] Ramirez JM, Karlen-Amarante M, Wang JDJ, Bush NE, Carroll MS, Weese- 
Mayer DE. The pathophysiology of Rett syndrome with a focus on breathing 
dysfunctions. Physiology 2020;35:375–90. https://doi.org/10.1152/ 
physiol.00008.2020.

[5] Leonard H, Cobb S, Downs J. Clinical and biological progress over 50 years in Rett 
syndrome. Nat Rev Neurol 2017;13(1):37–51. https://doi.org/10.1038/ 
nrneurol.2016.186.

[6] Leonard H, Ravikumar M, Baikie G, Naseem N, Ellaway C, Percy A, Downs J. 
Assessment and management of nutrition and growth in Rett syndrome. J Pediatr 
Gastroenterol Nutr 2013;57(4):451–60. https://doi.org/10.1097/ 
MPG.0b013e31829e0b65.

[7] Abraham SS, Taragin B, Djukic A. Co-occurrence of dystonic and dyskinetic tongue 
movements with oral apraxia in post-regression dysphagia in classical Rett 
syndrome years of life 1 through 5. Dysphagia 2015;30(2):128–38. https://doi. 
org/10.1007/s00455-014-9587-9.

[8] Mezzedimi C, Livi W, De Felice C, Cocca S. Dysphagia in Rett syndrome: a 
descriptive study. Ann Otol Rhinol Laryngol 2017;126(9):640–5. https://doi.org/ 
10.1177/0003489417723033.

[9] Isaacs JS, Murdock A, Lane J, Percy AK. Eating difficulties in girls with Rett 
syndrome compared with other developmental disabilities. J Am Diet Assoc 2003; 
103(2):224–30. https://doi.org/10.1053/jada.2003.50026.

[10] Motil KJ, Schultz R, Brown B, Glaze DG, Percy AK. Altered energy balance may 
account for growth failure in Rett syndrome. J Child Neurol 1994;9(3):315–9. 
Retrieved from, http://jcn.sagepub.com/content/9/3/315.full.pdf.

[11] Motil KJ, Schultz RJ, Wong WW, Glaze DG. Increased energy expenditure 
associated with repetitive involuntary movement does not contribute to growth 
failure in girls with Rett syndrome. J Pediatr 1998;132(2):228–33. https://doi.org/ 
10.1016/s0022-3476(98)70436-6.

[12] Orsso CE, Tibaes JRB, Oliveira CLP, Rubin DA, Field CJ, Heymsfield SB, Haqq AM. 
Low muscle mass and strength in pediatrics patients: why should we care? Clin 
Nutr 2019;38(5):2002–15. https://doi.org/10.1016/j.clnu.2019.04.012.

[13] Batsis JA, Villareal DT. Sarcopenic obesity in older adults: aetiology, epidemiology 
and treatment strategies. Nat Rev Endocrinol 2018;14(9):513–37. https://doi.org/ 
10.1038/s41574-018-0062-9.

[14] Pavone L, Burton J, Gaebler-Spira D. Dystonia in childhood: clinical and objective 
measures and functional implications. J Child Neurol 2013;28(3):340–50. https:// 
doi.org/10.1177/0883073812444312.

[15] Percy AK. Rett syndrome: clinical correlates of the newly discovered gene. Brain 
Dev 2001;23:S202–5. https://doi.org/10.1016/s0387-7604(01)00350-3.

[16] Chen W, Chang MH. New growth charts for Taiwanese children and adolescents 
based on world health organization standards and health-related physical fitness. 

Pediatrics and Neonatology 2010;51(2):69–79. https://doi.org/10.1016/s1875- 
9572(10)60014-9.

[17] Chen LK, Lee WJ, Peng LN, Liu LK, Arai H, Akishita M, Asian Working Grp S. 
Recent advances in sarcopenia research in Asia: 2016 update from the Asian 
working group for Sarcopenia. J Am Med Dir Assoc 2016;17(8):7. https://doi.org/ 
10.1016/j.jamda.2016.05.016.

[18] Liu JT, Yan YK, Xi B, Huang GM, Mi J, Xiong F, Grp CS. Skeletal muscle reference 
for Chinese children and adolescents. Journal of Cachexia Sarcopenia and Muscle 
2019;10(1):155–64. https://doi.org/10.1002/jcsm.12361.

[19] Cederholm T, Bosaeus I, Barazzoni R, Bauer J, Van Gossum A, Klek S, Singer P. 
Diagnostic criteria for malnutrition - an ESPEN consensus statement. Clin Nutr 
2015;34(3):335–40. https://doi.org/10.1016/j.clnu.2015.03.001.

[20] Dong HB, Yan YK, Liu JT, Cheng H, Zhao XY, Shan XY, China Child A. Reference 
centiles for evaluating total body fat development and fat distribution by dual- 
energy x-ray absorptiometry among children and adolescents aged 3-18 years. Clin 
Nutr 2021;40(3):1289–95. https://doi.org/10.1016/j.clnu.2020.08.012.

[21] Donini LM, Busetto L, Bischoff SC, Cederholm T, Ballesteros-Pomar MD, Batsis JA. 
Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO 
consensus statement. Clin Nutr 2022;41:990–1000. https://doi.org/10.1016/j. 
clnu.2021.11.014.

[22] Hill AP, Zuckerman KE, Fombonne E. Obesity and autism. Pediatrics 2015;136(6): 
1051–61. https://doi.org/10.1542/peds.2015-1437.

[23] Downs J, Leonard H, Wong K, Newton N, Hill K. Quantification of walking-based 
physical activity and sedentary time in individuals with Rett syndrome. Dev Med 
Child Neurol 2017;59(6):605–11. https://doi.org/10.1111/dmcn.13398.

[24] Becker P, Abdel-Rahman S, Nemet D, Marino LV, Noritz G, Fisberg M. 
Measurement of mid-upper arm circumference to screen for childhood 
malnutrition: general applicability and use in special populations. Nutr Clin Pract 
2024;39:1517–28. https://doi.org/10.1002/ncp.11208.

[25] Ooi PH, Thompson-Hodgetts S, Pritchard-Wiart L, Gilmour SM, Mager DR. 
Pediatric sarcopenia: a paradigm in the overall definition of malnutrition in 
children? J Parenter Enteral Nutr 2020;44(3):407–18. https://doi.org/10.1002/ 
jpen.1681.

[26] Penagini F, Borsani B, Bosetti A, Mameli C, Dilillo D, Ramponi G, Zuccotti GV. 
Resting energy expenditure in children with cerebral palsy: accuracy of available 
prediction formulae and development of a population-specific formula. Clinical 
Nutrition Espen 2018;25:44–9. https://doi.org/10.1016/j.clnesp.2018.04.006.

[27] Jefferson A, Leonard H, Siafarikas A, Woodhead H, Fyfe S, Ward LM, Downs J. 
Clinical guidelines for management of bone health in Rett syndrome based on 
expert consensus and available evidence. PLoS One 2016;11(2):e0146824. https:// 
doi.org/10.1371/journal.pone.0146824.

[28] Adams JB, Audhya T, McDonough-Means S, Rubin RA, Quig D, Geis E, Lee W. 
Effect of a vitamin/mineral supplement on children and adults with autism. BMC 
Pediatr 2011;11:30. https://doi.org/10.1186/1471-2431-11-111.

[29] Adams JB, Audhya T, McDonough-Means S, Rubin RA, Quig D, Geis E, Lee W. 
Nutritional and metabolic status of children with autism vs. neurotypical children, 
and the association with autism severity. Nutr Metab 2011;8:32. https://doi.org/ 
10.1186/1743-7075-8-34.

[30] Strambi M, Longini M, Hayek J, Berni S, Macucci F, Scalacci E, Vezzosi P. 
Magnesium profile in autism. Biol Trace Elem Res 2006;109(2):97–104. https:// 
doi.org/10.1385/bter:109:2:097.

[31] Xia W, Zhou YJ, Sun CH, Wang J, Wu LJ. A preliminary study on nutritional status 
and intake in Chinese children with autism. Eur J Pediatr 2010;169(10):1201–6. 
https://doi.org/10.1007/s00431-010-1203-x.

[32] Doboszewska U, Mlyniec K, Wlaz A, Poleszak E, Nowak G, Wlaz P. Zinc signaling 
and epilepsy. Pharmacol Ther 2019;193:156–77. https://doi.org/10.1016/j. 
pharmthera.2018.08.013.

[33] Kirkland AE, Sarlo GL, Holton KF. The role of magnesium in neurological disorders. 
Nutrients 2018;10(6):23. https://doi.org/10.3390/nu10060730.

[34] Curtin C, Hyman SL, Boas DD, Hassink S, Broder-Fingert S, Ptomey LT. Weight 
management in primary care for children with autism: expert recommendations. 
Pediatrics 2020;145:S126–39. https://doi.org/10.1542/peds.2019-1895P.

[35] Czerwonogrodzka-Senczyna A, Milewska M, Kwiecien P, Szczaluba K. Diet and 
nutritional status of Polish girls with rett Syndrome-A case-control study. Nutrients 
2023;15:18. https://doi.org/10.3390/nu15153334.

[36] Oftedal S, McCormack S, Stevenson R, Benfer K, Boyd RN, Bell K. The evolution of 
nutrition management in children with severe neurological impairment with a 
focus on cerebral palsy. J Hum Nutr Diet 2025;38(1):13277–90. https://doi.org/ 
10.1111/jhn.13277.

Y.-T. Chen et al.                                                                                                                                                                                                                                Journal of the Formosan Medical Association xxx (xxxx) xxx 

8 

https://doi.org/10.1111/jgs.14722
https://doi.org/10.1016/j.nbd.2015.05.005
https://doi.org/10.1016/j.nbd.2015.05.005
https://doi.org/10.1002/aur.2508
https://doi.org/10.1152/physiol.00008.2020
https://doi.org/10.1152/physiol.00008.2020
https://doi.org/10.1038/nrneurol.2016.186
https://doi.org/10.1038/nrneurol.2016.186
https://doi.org/10.1097/MPG.0b013e31829e0b65
https://doi.org/10.1097/MPG.0b013e31829e0b65
https://doi.org/10.1007/s00455-014-9587-9
https://doi.org/10.1007/s00455-014-9587-9
https://doi.org/10.1177/0003489417723033
https://doi.org/10.1177/0003489417723033
https://doi.org/10.1053/jada.2003.50026
http://jcn.sagepub.com/content/9/3/315.full.pdf
https://doi.org/10.1016/s0022-3476(98)70436-6
https://doi.org/10.1016/s0022-3476(98)70436-6
https://doi.org/10.1016/j.clnu.2019.04.012
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1177/0883073812444312
https://doi.org/10.1177/0883073812444312
https://doi.org/10.1016/s0387-7604(01)00350-3
https://doi.org/10.1016/s1875-9572(10)60014-9
https://doi.org/10.1016/s1875-9572(10)60014-9
https://doi.org/10.1016/j.jamda.2016.05.016
https://doi.org/10.1016/j.jamda.2016.05.016
https://doi.org/10.1002/jcsm.12361
https://doi.org/10.1016/j.clnu.2015.03.001
https://doi.org/10.1016/j.clnu.2020.08.012
https://doi.org/10.1016/j.clnu.2021.11.014
https://doi.org/10.1016/j.clnu.2021.11.014
https://doi.org/10.1542/peds.2015-1437
https://doi.org/10.1111/dmcn.13398
https://doi.org/10.1002/ncp.11208
https://doi.org/10.1002/jpen.1681
https://doi.org/10.1002/jpen.1681
https://doi.org/10.1016/j.clnesp.2018.04.006
https://doi.org/10.1371/journal.pone.0146824
https://doi.org/10.1371/journal.pone.0146824
https://doi.org/10.1186/1471-2431-11-111
https://doi.org/10.1186/1743-7075-8-34
https://doi.org/10.1186/1743-7075-8-34
https://doi.org/10.1385/bter:109:2:097
https://doi.org/10.1385/bter:109:2:097
https://doi.org/10.1007/s00431-010-1203-x
https://doi.org/10.1016/j.pharmthera.2018.08.013
https://doi.org/10.1016/j.pharmthera.2018.08.013
https://doi.org/10.3390/nu10060730
https://doi.org/10.1542/peds.2019-1895P
https://doi.org/10.3390/nu15153334
https://doi.org/10.1111/jhn.13277
https://doi.org/10.1111/jhn.13277

	The associated factors of nutritional issues and body composition in Rett syndrome
	1 Introduction
	2 Materials and methods
	2.1 Statistical analysis

	3 Results
	3.1 Nutritional assessment
	3.2 Nutritional assessment and disease severity
	3.3 Body composition
	3.4 Body composition and dystonia severity
	3.5 Body composition and underweight

	4 Discussion
	5 Conclusions
	Ethic approval
	Sources of funding
	Acknowledgments
	Data availability
	References


