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Abstract 

Background: Malnutrition in children with neurodevelopmental disorders and disabilities (NDD/D) is an issue of a 

growing attention in academic community. Until recently, it was commonly considered that almost every neurological 

disability was accompanied by a problem of malnutrition. 

Objective: The aim is to assess the nutritional status of children with NDD/D in North-eastern Bulgaria through various 

anthropometric measurements. 

Methods: A survey conducted in the period of April 2017 to April 2018 included 109 children with NDD/D from North-

eastern Bulgaria. Questionnaires on socio-demographic data, gross motor skills, nutrition specifics and quality of life were 

applied, along with an anthropometric measurement of the children. Assessment of nutritional status was made by 

standards and criteria of World Health Organization (WHO) and American Society for Parenteral and Enteral Nutrition 

(ASPEN). 

Results: The results manifests a high relative share of malnutrition, with underweight cases of 44.9% (weight-for-age  ≤ 

2Z), stunted–43.3% (length/height-for-age ≤ 2Z), wasted– 48.9% (body mass index-for-age ≤ 2Z) and with a high 

percentage of likely protein deficiency – 33.8%, measured by mid-upper arm circumference (MUAC-for-age  ≤ 1Z) index. 

Conclusion: Children with NDD/D need to be assessed and managed by multidisciplinary teams including physicians, 

nutritionist, and special educators and psychologists. Early diagnosis of neurological disorders in children with NDD/D 

and early rehabilitation should include a mandatory nutritional support in order to achieve optimal improvement in the 

development of children despite their inborn genetic and epigenetic factors. 
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1. Introduction 

Malnutrition in children with NDD/D is of growing 

interest in the academic community [1, 2]. Until recently, 

malnutrition was considered an insurmountable part of the 

major neurological disorder, as well as an inevitable and 

insuperable consequence of it [3]. It may lead to an 

increased need for medical assistance, reduced 

rehabilitation ability, diminished educational and social 

activities and deterioration of the underlying disease 

prognosis [4]. 

Assessment of the overall incidence of malnutrition 

in children with NDD/D is difficult due to the heterogeneity 

of neurological disorders. Scientific research on nutrition in 

children with NDD/D is mostly focused on cerebral palsy 

(CP) in childhood, where malnutrition is commonly 
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observed in 46%–90% of the cases, according to 20 years 

old data[5]. Current studies depict improved care in this 

area. In 2013, Hollenweg et al [6] account for 34.7% 

malnutrition, assessed as such by anthropometric data.  

Nutritional care of children with NDD/D appears 

to be an essential part of their medical care around the 

world; their optimal nutritional status is a functional 

criterion for proper rehabilitation. 

In Bulgaria, this is an understudied area and 

nutritionists are not mandatory members of the teams taking 

care of this vulnerable group of children. 

The aim of this study is to assess the nutritional 

status of children with NDD/Din North-eastern Bulgaria by 

interpreting different anthropometric indicators. 

 

2. Material and methods 

The survey included 109 children with NDD/D 

such as:cerebral palsy (CP), hydrocephalus, micro- and 

macrocephaly, encephalopathy, epilepsy, different levels of 

mental retardation, pervasive developmental disorders 

(PDD), trisomy 21.  

Parents and caregivers of NDD/D children were 

part of the survey as well.  

It was conducted in North-eastern Bulgaria in the 

time period of April 2017 to April 2018.  

Questionnaires on socio-demographic data, gross 

motor skills, nutrition specifics and quality of life were 

applied.  

Anthropometric measurements of the studied 

children were conducted as well. The assessment of 

nutritional status was made by standards and criteria of 

World Health Organization (WHO) and American Society 

for Parenteral and Enteral Nutrition (ASPEN). 

 

3. Statistical Methods 

The processing of data was performed using the 

statistical package IBM SPSSv.23.0. The methods applied 

were: frequency analysis of qualitative variables, 

quantitative aspects of variation analysis, chi-square tests. 

 

4. Results 

4.1 Socio-demographic characteristics 

A total sample of 109 children with NDD/D, with 

an average age of 5.3 ±3.8 years, participated in this study. 

The girls represented 45.9% of the sample, whereas boys – 

54.1%. 

Percentage distribution of the surveyed NDD/D 

children from the rearing environment: 58.7%are raised in 

residential care homes, compared to 41.3% raised in a 

family environment. 

The mean age of children in residential care homes 

is 6.2 [± 5.2] years; mean age of children raised in a family 

environment is 4.5 [± 2.4] years. The male NDD/D children 

from residential care homes are28 % but the NDD/D males 

raised in a family environment are 27%. Female children 

with NDD/D in residential care homes were 32%, compared 

to 15% female children cared for in a family rearing. 

Children with severe neurological impairment and 

intellectual disability are cared mostly in residential care 

family-type facilities, whereas children with mild 

impairments are raised in families. (Figure 1) 

 

Figure 1: Relative share (%) of surveyed NDD/D children, differentiated by types of disorders and rearing 

environment 
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4.2. Gross motor skills 

The gross motor function of children is assessed by 

the GMFCS scale (Gross Motor Function Classification 

System) – a 5-level classification system that describes the 

gross motor function of children on the basis of their self-

initiated movement with particular emphasis on sitting, 

walking, and wheeled mobility [7]. Distinctions between 

levels are based on functional abilities, the need for assistive 

technology, including hand-held mobility devices (walkers, 

crutches, or canes) or wheeled mobility, and to a much 

lesser extent, quality of movement. 

Our observations encounter statistically significant 

differences of the motor activity of children depending on 

the type of rearing environment – family or non-family 

rearing environment (X
2
 = 19.7 p = 0.001). Twice as many 

children without mobility restrictions and 66.7% of children 

with the least motor disability are raised in a family 

environment.  

The prevailing number of children who are 

classified within the rest four mobility levels and are 

generally limited in their ability to move themselves around 

due to severe motor disabilities are raised in resident-type 

centres. 

4.3. Nutritional status of children with NDD/D 

The assessment of nutritional status of children 

with NDD/D included in this study is based on the World 

Health Organization anthropometric standards and indexes: 

weight-for-age, length/height-for-age, weight-for-

length/weight-for-height and body mass index-for-age, 

according to WHO growth standards and identification 

criteria for healthy children [8, 9].  

In addition, the nutritional status of NDD/D 

children is evaluated through the diagnostic indicators and 

scores of the American Society for Parenteral and Enteral 

Nutrition (ASPEN), which differentiates severe acute 

malnutrition from mild and moderate malnutrition. The 

recommended indexes include weight-for-height/length, 

body mass index-for-age and mid–upper arm circumference 

[10]. 

The Z-score method (the individual deviation rate 

compared to the average population’s mean rate for the 

reference age and gender population) is used to evaluate 

individual anthropometric indexes. Interpretation of Z-score 

anthropometric indicators is based on the international 

WHO child growth standard, WHO growth reference 5-19 

years and the ASPEN standard, derived for healthy 

individuals (Table 1). 

Negative scores in the anthropometric weight-to-

age indexes occur mainly due to periods of acute 

malnutrition, whereas chronic malnutrition typically 

manifests in a negative length/height-for-age or stunting. 

Prolonged protein deficiency is reflected in reduced 

measurements of the mid-upper arm circumference. 

 

Table 1: Joined malnutrition indicators – WHO child growth standard, 2006 /WHO growth reference 5-19 years, 

2007 (WHO 2006/2007) and American Society for Parenteral and Enteral Nutrition (ASPEN, 2015) 

 
Anthropometric indicators 

Z 

score 

Length/height-for-

age 
Weight-for-age Weight-for-length/height BMI-for-age 

Mid–upper arm 

circumference-for-

age 

0 
Height in norm 

(WHO) 

Weight in norm 

(WHO) 

Weight-for-length/height 

in norm 

(WHO) 

BMI in norm 

(WHO)  

<-1 

Height in norm 

(WHO) 

Data n/a 

(ASPEN) 

Weight in norm 

(WHO) 

Weight-for-length/height 

in norm 

(WHO) 

Mild malnutrition (ASPEN) 

BMI in norm 

(WHO) 

Mild malnutrition 

(ASPEN) 

Mild malnutrition 

(ASPEN) 

<-2 
Stunted (WHO) 

Data n/a (ASPEN) 

Underweight 

(WHO) 

Wasted 

(WHO) 

Wasted 

(WHO) 
Moderate 

malnutrition 

(ASPEN) 
Moderate malnutrition 

(ASPEN) 

Moderate malnutrition 

(ASPEN) 

<-3 

Severely stunted 

(WHO) 

Severe malnutrition 

(ASPEN) 

Severely 

underweight 

(WHO) 

Severely wasted 

(WHO) 

Severely wasted 

(WHO) Severe malnutrition 

(ASPEN) Severe malnutrition 

(ASPEN) 

Severe 

malnutrition (ASPEN) 

 

The analysis of the results manifests high relative 

share of underweight and severely underweight children in 

the all studied groups– 42.3%, with the prevalence of 

severely underweight cases –of which 71%with weight-for-

age < –3Z versus 29% with weight-for-age –3Z ÷ –2Z. 

Nearly half of the underweight children are diagnosed with 

CP.  

Child malnutrition data is presented in details in 

Figure 2. 
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Figure 2: Relative share (%) of NDD/D studied children with underweight, differentiated by type of neurological 

disease and Z-scores for weight-for-age anthropometric indicator, (WHO 2006/ 2007) 
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reflects the significant degree of adverse effects of 

neurological impairment on the nutritional status of these 

children. Malnutrition is often associated with impaired 

linear growth, reduced peripheral circulation, difficult 

wound healing, increased spasticity and sensitivity of limbs 

[5].  

The high relative share of children with height 

stagnation is due to a sustained shortage of essential 

nutrients, energy and micronutrients necessary for their 

growth.  

Our results showed that there is no statistically 

significant difference between the diagnosis and the 

length/height-for-age anthropometric indicator (X
2
=17, 

p=0.25). However, there is a high relative share of low and 

very low height-for-age rates – 43.3%, with prevalence of 

the very low height-for-age rates – 36.1% (length/height-

for-age< –3Z), compared to 7.2% low height-for-age 

(length/height-for-age –3Z ÷ –2Z) (WHO 2006/2007).  

Body mass index can also be used to assess 

malnutrition [8, 9]. However, according to some 

researchers, it is not always sensitive as an indicator to 

measure specific changes, as long-term malnutrition is 

reflected both in a lagging behind in weight gain or 

underweight, and in height. Thus, weight-for-height ratio 

reflected in BMI can appear to be normal [11]. 

Our study established a statistically significant 

difference between the type of diagnosis of NDD/D children 

and the body mass index (X
2
=34.35, p=0.002). The relative 

share of NDD/D children with BMI-for-age<–1Z (mild, 

moderate and severe malnutrition) is 47%, with prevalence 

of children with CP (24%), hydrocephalus, mild mental 

retardation, Down syndrome and other genetic disorders 

(Figure3). 
 

Figure 3: Relative share (%) of NDD/D children with malnutrition differentiated by type of neurological disorder 

and Z-scores for BMI-for-age indicator (ASPEN, 2015 and WHO2006/2007) 
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MUAC measurement is used as an anthropometric 

assessment tool in determining malnutrition in children 6–

60 months of age. MUAC measurements results in our 

study (n=53) established that 39% of the NDD/D children 

included in the survey refer to the Z-score group < –1Z, 

with the highest relative share of children with CP –22% 

(X
2
=7.7, p=0.8) (Figure 4). 

 

Figure 4: Relative share (%) of NDD/D children included in the study differentiated by type of neurological disorder 

and Z-scores for mid-upper arm circumference (MUAC)-for-age (ASPEN, 2015) 

 
 

5. Discussion 

The etiology of malnutrition in NDD/D children 

involves different factors. Although the main problems in 

NDD/D patients are different physical and mental 

impairments, many observations suggest that brain damage 

can lead to a significant gastrointestinal dysfunction 

[12,13,14]. Gastrointestinal disorders are a major chronic 

manifestation in 80–90% of children with cerebral palsy and 

in children with other neurodevelopmental disabilities 

[15,16]. Disorders of the developing central nervous system 

in children may induce significant dysfunction in the 

gastrointestinal tract, along with oral-motor dysfunction, 

rumination, gastroesophageal reflux (GER) with or without 

aspiration, delayed gastric emptying and constipation. These 

gastrointestinal difficulties potentially contribute to feeding 

problems of the impaired children [11]. 

Assessment of NDD/D children’s nutritional status 

based on WHO (2006, 2007) anthropometric growth 

standards for healthy individuals implies the risk of 

underestimating malnutrition in neurologically impaired 

children. Applying only WHO criteria and standards such as 

weight-for-height and BMI-for-age indicators to identify 

malnutrition in children, fails to indicate the cases falling 

within the Z-score –2Z ÷ –1Z, recommended by ASPEN 

(2015) for establishing mild malnutrition. Almost half of the 

study group children identified as malnourished –48.9%, 

were assessed as such using ASPEN body mass index-for-

age indicator. About one third (14.9%) are mildly 

undernourished and they are not counted by WHO 

standards. Mid-upper arm circumference (MUAC) indicator 

is recommended by ASPEN when assessing the nutritional 

status in children 6–60 months. It showcases 33.8% of the 

children in this age group as malnourished. Almost one 

third of them (13.2%) pertain to the Z-score group ≤ 2Z ÷ –

1Z, i.e. children with mild malnutrition. 

Our observations indicate that ASPEN indicators 

recommended for the identification of paediatric 

malnutrition provide a more accurate assessment of 

underweight and prolonged protein deficiency when 

compared to WHO standards. Assessing the nutritional 

status by WHO criteria may fail to indicate early detection 

of inadequate dietary intake – mild malnutrition. 

 

Future directions 

Early identification of neurological impairment in 

new-borns is critical for the treatment of NDD/D children, 

as dietary intervention, among other things, might be at risk.  

 A multidisciplinary approach involving neurologists, 

gastroenterologists, nurses, professional therapists, 

psychologists and nutritionists can make a significant 

contribution to the medical well-being and the quality of life 

of these children. A detailed assessment of the nature of 

nutrition difficulties will benefit future dietary needs and 

advance the involvement of different professionals (speech 

therapists, nutritionists, gastroenterologists). Targeted 

medical approach and specific therapy is best performed 
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only when all pieces of the information are carefully 

assembled [11]. Psychologists recommend that parents 

should be involved in these multidisciplinary teams and it is 

also advisable that the process of evaluation and sharing the 

results with them is performed by a special algorithm [17]. 

GI tract disorders are accompanied by other factors 

contributing to the deterioration of NDD/D children’s 

nutritional status, such as: type and severity of the 

underlying disease, immobilization with subsequent 

physical impairment, use of antiepileptic medication, etc.  

In Bulgaria, dietary guidelines for children with 

neurological impairments and mental disability are based on 

the physiological needs and requirements for optimum 

nutrition of the respective age groups of healthy children 

[18,19].  

However, both nutritional and non-nutritional 

factors related to the main neurological disorder hamper 

adequate food/nutrient intake [3]. This, in turn, aggravates 

the nutritional status and the level of severity of 

neurodevelopmental disorder in NDD/D children. 

 

6. Conclusion 

Nutritional problems in NDD/D children are 

critical to achieving optimal growth and development. 

However, they are often underestimated on account of the 

primary concern for the main disease.  

Overcoming nutritional deficits would reduce 

children's neurological deficits and would increase their 

potential for achieving the best possible development, 

lifespan and quality of life.  

Assessment and management of the nutritional and 

oral status of NDD/D children, performed in a standardised 

approach and practiced efficiently in many European 

countries are key aspects of the successful treatment of 

these children.  
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