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GENERAL INTRODUCTION AND THESIS OUTLINE

Parts have been submitted

Food intake is essential for infants and children to survive, grow and 
develop and this may be impeded by feeding problems and disorders (1, 2). 
An understanding of the normal feeding process, chronology and diversity 
of acquisition of feeding and eating skills and biopsychosocial factors 
influencing this process and development, is important to understand the 
context into which these problems and disorders may emerge (3).

NORMAL FEEDING PROCESS

The normal feeding process consists of five phases. At first, parents offer 
food, usually when the child shows hunger cues, after which food intake 
occurs (pre-oral phase). Then, sucking, chewing and tongue movements 
create and transport the bolus to the pharynx (oral phase). While the 
larynx elevates, the (epi)glottis closes and the upper esophageal sphincter 
opens, the breathing stops and restarts reflexively afterwards subsequently 
(pharyngeal phase). The lower esophageal sphincter opens when peristalsis 
transports the bolus to the stomach (esophageal phase). Lastly, the 
stomach releases stored food to the intestines, where digestion and 
absorption of nutrients take place (gastro-intestinal phase) (4, 5).

FEEDING SKILLS

During gestation fetuses have been described as showing swallowing and 
sucking behavior from 10-20 weeks and a coordinated suck-swallow pattern 
from 32 weeks to term (6, 7). Various reviews have described how term 
born infants, have an automatic reflex action which coordinates sucking, 
swallowing and breathing, with aspiration prevented by the suck-swallow 
reflex, strong gag reflex and solely nasal breathing (3, 6, 8). From around the 
age of 4 months, this process becomes less reflexive and more voluntary (5, 
7, 8). Although not recommended by the World Health Organization (WHO) 
because of the risk of infection from not-exclusive breast feeding (9), from 
this age most children can begin to process smooth and purified solid foods 
(milestone: initiation of complementary feeding) and from around 6 months, 
can usually manage lumpy products, which require stronger oral muscles 
(milestone: shifting from purees to lumpy foods) (3, 5, 8, 10, 11). Rotary 
chewing from 9-12 months processes mashed/chopped foods and lateral 
tongue movements prepare the bolus (milestone: biting foods) (4, 8, 10). By 
around 12 months, the child is able to eat table foods with the family (2, 3). 

As the second year progresses children can learn to drink from a closed, 
and then an open cup (8, 12), become more autonomous and/or learn 
to feed themselves with a spoon (milestone: use of cutlery/autonomous 
feeding) (8, 10, 12). Neophobia, a dislike of unfamiliar food products and 
refusal based on visual aspects (especially ‘bitter looking’ foods) is common 
between the age of 2-6 years. From evolutionary psychology point of view, 
it has been suggested that this process prevents the mobile exploring 
child (as other omnivorous animals) out of parental sight to eat potentially 
poisonous products (13-16). Mature chewing develops at around 3 years and 
continues developing until around 12 years (7). Feeding and eating problems 
and disorders have been described at all developmental stages or during 
transition from one phase to another (10, 17-19).

BIOPSYSCHOSOCIAL FACTORS

The normal feeding process requires a myriad of interacting biomedical, 
psychological and sociocultural factors (20). Various reviews have described 
how biomedical factors such as the cardiorespiratory, digestive, neurologic, 
muscular, endocrine and metabolic systems contribute to the feeding 
process (7). The nucleus accumbens (releasing opioids) and the reward 
system (releasing dopamine) contain the hedonic drive and motivation to 
eat respectively (2). The hypothalamus controls the innate hunger-satiation 
system supported by neuro-endocrine pathways (7). Afferent signals from 
visceral senses and ghrelin from the stomach wall increase appetite and 
enhance growth hormone secretion (4). After food intake, gut hormones 
cause satiation as well as leptin from adipose tissue acting in the longer 
term (21, 22), while sensory systems (such as the visual, somatosensory 
and olfactory system) affect perceived food characteristics (2).

Psychological and behavioral factors including repeated exposures and 
positive experiences increase the acceptance of food products through 
learned safety, familiarity and positive association with consequences (2). 
This may even starts in the womb, where maternal diet could impact 
amniotic fluid flavor. Maternal diet may also influences breast milk flavor, 
which may explain the acceptance of more novel products early in the 
transition to complementary feeds in breast fed infants compared to bottle 
fed children (2, 6-8, 23). Maternal diet may influence taste preferences 
later in life as well (2, 8). Infants have an innate preference for sweet and 
disfavor of bitter and sour tastes, whereas toddlers prefer energy rich 
products (2, 16, 23). It has been suggested that there might be a sensitive 
period to learn different tastes within the early months, while this may be 
more difficult after 6-24 months (2, 8). Novel food products become familiar 
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after 10-15 trials and will be appreciated after another 10-15 experiences 
(2, 13, 15). Experiences with different food textures are required in order to 
develop adequate chewing skills and this may be easier at younger ages (8, 
24). The temperament and mood of the child influence the feeding process 
(2). Motivation resembles the desire and the hedonic drive the liking of food 
(2). Young children explore, see and imitate others (14). Sensory processing 
influences the perceived sensory food characteristics and determines the 
acceptance of novel products by the child (2). Feeding in young children is 
less driven by cognition compared to older children (2).

Concerning sociocultural factors, the environment is of great importance 
especially since ‘feeding’ is a complex dyadic interaction between child and 
parent or caregiver (whereas ‘eating’ is an individual process particularly). 
Feeding is one of the most essential parental tasks (1-3, 11, 25, 26). The 
infant may show hunger cues (such as opening the mouth and orientation 
to the breast) merging into fussing and crying if unanswered or satiation 
cues (such as slow down, pulling away, turning the head, spitting the food 
out and avoidant behavior) if satisfied (2, 4, 23, 27). A responsive parent 
is sensible for these cues and responds adequately in order to promote 
self-regulation (3, 23, 24). 

Figure 1: Parenting and feeding styles
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*An authoritative parenting or feeding style, characterized by high demandingness 
and high responsiveness/sensitiveness, is associated with the healthiest child food 
preferences and intake

Parental feeding style and feeding practices play a major role within the 
parent-child interaction (20). An authoritative parenting and feeding style is 
associated with the healthiest food preferences and intake (figure 1) (2, 3, 25). 
Parents should offer rejected foods (‘what’) repeatedly in order to provide 
enough taste and oral motor exposure and develop adequate feeding skills 
(3, 6, 15). Parents can set adequate examples leading to positive role modeling 
for imitation, structure mealtimes (‘where’, ‘when’) and position the child with 
age-appropriate tableware (‘how’), but let the child decide the volume of 
intake (‘if’ and ‘how much’) in order to develop an adequate hunger-satiation 
system (8, 13-15, 24). Feeding seems to be a complex bidirectional interaction, 
in which the eating environment may be the primary stimulant as well. Social 
interactions with family or peers (e.g. at daycare or school) during mealtimes 
generally increase the amount of intake (2, 3, 28). Furthermore, societal and 
cultural influences from the broader environment attribute to the development 
of feeding behavior and habits (11, 16, 29). The acquisition of healthy eating 
behavior around the age of 2 years is important, since eating behavior in this 
period predicts eating behavior later in life (2).

DEFINITIONS AND CLASSIFICATIONS

Worldwide, there is no uniformly accepted definition of feeding and eating 
problems and disorders.

‘Feeding’ implies a dyadic interaction between the child and caregiver, whereas 
‘eating’ is a more autonomous action of the child (26, 30). Feeding and eating 
problems comprise a heterogeneous group of issues (31), such as a lack of 
appetite, food refusal and mealtime struggles, picky (faddy) or selective eating 
behavior and feeding tube dependency (8, 32, 33). Feeding ‘problems’ and 
‘disorders’ tend to occur on a continuum, rather than a strict dichotomization 
(17, 19). Generally, the term ‘disorder’ is used for more serious problems, 
causing clinical concerns regarding health, growth and development (17, 34). 
Historically, feeding disorders were dichotomized into organic and non-organic 
feeding disorders, but this disregarded their multifactorial origin (30, 35-38).

Different fields, such as medical and psychiatric fields, still use different 
classification systems and diagnoses hampering uniformity in literature (5, 19, 
30, 35, 39-45) (table 1). In the medical field, the International Classification 
of Diseases, 11th revision (ICD-11) of the WHO includes feeding disorders in 
the context of various medical and mental diseases (40). Goday suggested 
the diagnosis ‘Pediatric feeding disorder’ (PFD), which is characterized by 
‘an impaired oral intake that is not age-appropriate, and is associated with 
medical, nutritional, feeding skill, and/or psychosocial dysfunction’ (41). 
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Kerzner classifies three feeding difficulties: limited appetite, selectivity and 
fear of feeding, which can be influenced by feeding style of the caregiver (19). 
Kindermann describes a practical classification including four types of feeding 
and eating problems and disorders: feeding and eating problems based on 
pedagogical problems, extreme selective eating behavior, feeding and eating 
disorders based on medical disorders, and pathological food refusal (46). The 
American Speech-Language-Hearing Association (ASLHA) defines ‘Feeding 
and swallowing disorders (dysphagia)’ including problems with transporting 
liquids or solids from oral cavity, pharynx or esophagus to the stomach (5, 32). 
In the psychiatric/psychological field, the Diagnostic and Statistical Manual of 
Mental Disorders, fifth edition (DSM-5) of the American Psychiatric Association 
(APA) describes ‘Avoidant restrictive food intake disorder’ (ARFID), which was 
formerly known as ‘Feeding disorder of infancy and early childhood’ (35, 42, 
43). Children with ARFID show inadequate growth or weight loss, nutrient 
deficiency, formula or tube feeding dependency and impaired psychosocial 
functioning, which are hypothesized to origin from sensory sensitivity, fear 
of eating and lack of appetite (43). The holistic approach of the Diagnostic 
Classification of Mental Health and Developmental Disorders of Infancy and 
Early Childhood (DC:0-5™), supplementing the DSM and ICD, covers five 
axes (clinical disorders, relational context, medical conditions, psychosocial 
stressors and development) and contains the diagnosis ‘Eating disorders’ 
including ‘Undereating’, ‘Overeating’ and ‘Atypical eating disorders’ (44, 45, 47).

Table 1: Classifications and diagnoses including feeding and eating problems and 
disorders (5, 19, 30, 40-46)

Classifications Diagnoses

Medical field

ASLHA Feeding and swallowing 
disorders (dysphagia)

Goday Pediatric Feeding Disorder

Kerzner Feeding difficulties:
•	 limited appetite
•	 selectivity
•	 fear of feeding

Kindermann Feeding and eating problems and 
disorders:
•	 feeding and eating problems 

based on pedagogical 
problems

•	 extreme selective eating 
behavior

•	 feeding and eating disorders 
based on medical disorders

•	 pathological food refusal

Table 1: (Continued)

Classifications Diagnoses

WHO ICD-11 (and previous editions) Several medical diagnoses

Psychiatric/psychological field

APA DSM-5 ARFID
Hypotheses of origin:
•	 sensory sensitivity
•	 fear of eating
•	 lack of appetite (also used by 

Kerzner)

Previous editions:
DSM-IV and DSM-IV-TR

Feeding disorder of infancy and 
early childhood

Chatoor 6 feeding disorders:
•	 Feeding disorder of state 

regulation
•	 Feeding disorder of reciprocity 

(neglect)
•	 Infantile anorexia
•	 Sensory food aversions
•	 Feeding disorder associated 

with concurrent medical 
condition

•	 Post-traumatic feeding 
disorder

Zero to Three DC:0-5™ Eating disorders
•	 Undereating
•	 Overeating
•	 Atypical eating disorders

Previous edition:
DC:0-3R

Feeding disorder of infancy and 
early childhood
(also including 5 of 6 Chatoor’s 
diagnoses)

APA - American Psychiatric Association
ARFID – Avoidant/Restrictive Food Intake Disorder
ASLHA - American Speech-Language-Hearing Association
DC: 0-3R – Diagnostic Classification of Mental Health and Developmental Disorders of Infancy and 
Early Childhood revised
DC:0-5™ - Diagnostic Classification of Mental Health and Developmental Disorders of Infancy and 
Early Childhood
DSM-IV - Diagnostic and Statistical Manual of Mental Disorders, fourth edition
DSM-IV-TR - Diagnostic and Statistical Manual of Mental Disorders, fourth edition text revision
DSM-5 - Diagnostic and Statistical Manual of Mental Disorders, fifth edition
ICD-11 - International Classification of Diseases, 11th revision
PFD - Pediatric feeding disorder
WHO - World Health Organization
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EPIDEMIOLOGY

The prevalence rates of feeding and eating problems depend on multiple 
factors, such as definition being used, type of problems, population (age, 
country) and reporter. Consequently, varying prevalence rates of feeding 
problems between 1.4-78.5% in the general population have been described 
worldwide and seem to differ between countries (figure 2) (28, 29, 48-64).

Figure 2: Worldwide prevalence of feeding problems in the general population

Australia 25-28% (71, 73, 74); Brazil 37% (48); China 24% (49); France 54% (61); Germany 
1-53% (50, 51, 62, 63); Poland 11-77% (52); Singapore 24-25% (53); Sweden 11-18% (588, 
589); Thailand 19-34% (54, 55); United Kingdom 2-61% (56, 57, 60); USA 5-79% (28, 29, 
58, 59, 64, 454).
Colored by highest reported prevalence rate, rounded.

The prevalence rate varies per type of problem with neophobia being 
most common (table 2) (28, 29, 48-59, 61, 64). A meta-analysis found a 
prevalence rate of picky eating of 22% (children between 4-30 months) (65). 
The prevalence rates vary by age with a high prevalence of breast feeding 
problems (44-54%) amongst newborns (66). General feeding problems of 
healthy newborns are less common (8.1%) (67). The prevalence of feeding 
problems reported by parents in healthy infants aged 0-12 months varied 
from 1.4-47.9% (29, 49, 50, 63, 68-71). Lower prevalence rates of 1.4-15% 
in infants aged 3-12 months were found during observation by health 
care practitioners (11) (31). Varying prevalence rates (3-78.5%) of feeding 
problems were reported in healthy preschoolers (aged 1-6 years) (29, 34, 
48-59, 64, 72-74). Many studies showed that the prevalence rate increased 

from age 1 year (3-59%) up to age 2-3 years (16-76%), and decreased to 
age 4-6 years (9-25%) (29, 49, 53, 54, 57, 61). Prevalence rate of feeding 
problems in children up to 10 years was 4.7% and less feeding problems 
were found with increasing age (16, 28).

Table 2: Prevalence rates of various types of feeding problems

Neophobia 87.7% (52)
Spitting out food 78.5% (58)
Picky eating 12.3-57% (29, 49, 53, 59)
Rejecting food on some days 45.2-54% (58, 61)
Mealtime conflicts 40.2% (35.5% somedays, 

4.7% most-everyday) (28)
Choking while eating 37.6% (58)
Feeding difficulties 37.2% (48)
Turning away from food or pushing/throwing food away 35.5% (58)
Eating problems 20-33.6% (51, 55, 56)
Feeding problems 26.9% (54)
Selective eating 16% (64)
Poor appetite 2-16% (57)
Faddy eating 3-12% (57)
Eating difficulties 1.4-3% (50)

The prevalence rates of various types of feeding problems is reported from high to low

Most of the studies in the healthy population assessed prevalence rates 
by caregiver report (1.4-78.5%) (28, 29, 34, 48-53, 55-58, 63, 64, 72-74). 
Differences between caregiver and other reporters have been described 
(54, 59, 75). In 4.5% of the general population, caregivers report feeding 
problems which could not be confirmed by the pediatrician (‘misperceived 
limited appetite’) (54). Picky eating is reported more often (1.4 times) by 
caregivers (56-57%) than daycare workers (44%-48%) (59). Avoidance 
reported by mothers seems not to be associated with other observers (75).

Feeding disorders are less common (0.2-4.9%) than feeding problems in 
the general population (34, 72, 76).

RISK FACTORS

Multiple biomedical, psychological and sociocultural risk factors for feeding 
problems and disorders can be involved in the development of feeding 
problems (table 3). Studies assessing children with feeding disorders 
visiting a feeding team, showed that many (59-86.1%) have a complex 
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medical history. Especially prematurity, cardiorespiratory, gastrointestinal 
and neurological disorders are common (38, 77-79). These groups have 
higher risk of developing feeding problems and disorders compared to 
controls (table 3). In case of prematurity, the gestational age seems to 
be inversely related to the incidence of feeding problems, indicating that 
a lower gestational age increases the incidence of feeding problems (80-
84), but this is not confirmed in all studies (18, 85). Moreover, medically 
complex children may suffer from iatrogenic risk factors, including Neonatal 
Intensive Care Unit (NICU) care, extracorporeal membrane oxygenation 
(ECMO), respiratory support/ventilation, surgical interventions and tube 
feeding (18, 77, 86-100). Diet, food avoidance and anthropometrics of 
children with Inflammatory Bowel Disease are described in chapter 1. The 
impact of the COVID-19 pandemic and subsequent restrictions is explored 
in chapter 2.

ASSOCIATIONS

Many cross-sectional studies show associations with feeding problems and 
disorders (table 4). Chapter 3 describes the health related quality of life of 
children (HRQOL) with ARFID, and chapter 4 the HRQOL of their parents. 

Table 3: Risk factors for feeding problems

BIOLOGICAL

Gestation Fetal abnormalities (205)
Intrauterine growth restriction (206)
Maternal disease status:
•	 Hepatitis C infection (207)
•	 HIV/AIDS (208)
•	 Preeclampsia (209)
Maternal medication/substance use in utero
•	 Beta-blockers (210)
•	 Drugs (211)
•	 Neonatal abstinence syndrome (212)
•	 Opiates (213)
•	 Serotonine reuptake inhibitors (SSRI) (214)
•	 Smoking* (76)

Birth Obstetric interventions:
•	 Born in private hospital (215) or low-cesarean delivery 

hospitals (216)
•	 Elective induction 37-38 weeks (217)
•	 Elective caesarian <38 weeks (218)
Perinatal asphyxia (219)
Prematurity / low gestational age* (76, 77, 80, 81, 96, 205, 
220-236)
Small for gestational age / low birth weight (18, 76, 84, 94, 98, 
237-242)

Heritability Genetic factors (243)
Neophobic trait (244)

Syndromal/
chromosomopathies 
(88) (245)

Fetal alcohol syndrome (246)
Pierre Robin Sequence (247) with obstructive sleep apnoea (248)
Silver-Russell syndrome (249, 250)
Sotos syndrome, NSD1 mutation/deletion (251)
Trisomy 21 (252)

Neurological (238) Cerebral palsy (253, 254)
 with hypotonia, spastic quadriplegic, seizures (255)
 with oral-motor involvement (256)
Lenticulostriate vasculopathy (257)

Oral Ankyloglossia (258, 259)
Caries (260)
Cleft lip/palate* (261-264)
Gingivostomatitis (herpes simplex) (265)
Lip hemangioma (266)
Obstructive sleep apnea (267)

Pharyngeal/
esophageal

Eosinophilic esophagitis (268, 269)
Esophageal atresia (270)
Gastroesophageal reflux disease (271-275)
Laryngomalacia, congenital (276)
Neonatal oro-esophageal dyskinesia (277)
Regurgitation (278)
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Table 3: (Continued)

BIOLOGICAL

Gastrointestinal CDH (279) (280), lower gestational age at CDH-diagnosis (281)
Cow’s milk intolerance (282)
Functional constipation (283)
Infantile colic (284-286)
Necrotizing enterocolitis (287)

Cardiac diseases (18) Aberrant right subclavian artery (arteria lusoria) (288)
Congenital heart diseases (289)
Hypoplastic Left Heart Syndrome (290)

Respiratory (167) Bronchopulmonary dysplasia (291)
Cystic fibrosis (292-295)
Pulmonary arterial hypertension (87)
Respiratory distress syndrome (98)
Vocal cord injury/movement impairment/paralysis (93, 296, 
297)

Metabolic (298) / 
endocrine

Congenital hyperinsulinism, severe (299)
Congenital hypothyroidism, biochemical severity (300)
Type 1 diabetes (301-305)

Other Congenital malformations$ (76)
Disabilities (306)@ (307)%

HIV (308)
Langerhans Cell Histiocytosis (309)
Physical morbidity (73)& (74)&

Medication / 
treatment

ECMO treatment (86, 87)
Feeding assistance (88), duration perioperative tube feeding 
(89), prolonged tube feeding (18)
Mydriatics (310)
NICU care (18)
Respiratory support/intubation/ventilation, longer duration* 
(77, 89-97)
Surgical intervention (18, 98), cardiac surgery (99), age at 
surgery (89), type of procedure (89, 91) and reoperation (100)

PSYCHOLOCICAL

Temperament Emotionality and shyness (16)
Difficult temperament (75, 311)*
More negative affect* and less positive affect (312)

Behavior Behavioral problems (225)
Conduct disorder (313)
Hyperactivity (313)
In- and externalizing child behavior (74, 179)

Developmental 
disorders

Autism Spectrum Disorder (314-321)
Sensory processing problems (180, 322-324)

Mood disorder Depression (73)

Anxiety disorders Anxiety (73, 322)

Table 3: (Continued)

PSYCHOLOCICAL

Other Excessive crying (62)
Multiple regulatory problems in infancy (feeding, sleeping, 
crying) (63, 200)
Sleeplessness (73, 74)

SOCIAL

Feeding situations Breast feeding problems experienced by mother (325)
Breast feeding <2 months versus 6 months (326)
Center based daycare (versus home-based daycare) (59)
Delayed introduction of textured foods (327)
High levels of maternal neophobia (170)
Introduction solids <4 months (242), lumpy foods between 
4-6 months (60), before 6 months* (328) or after 9 months of 
age (329)
Introduction of vegetables >6 months (versus between 4-5 
months) (326)
Lack of experience (330)
Lack of modeling (330, 331)
Later introduction of dairy products, ready prepared baby 
foods and ready prepared adult foods (332)
Less mealtime structuring (333)

Feeding style 
(behavior, and 
control)

Less appropriate behavior:
•	 Less change in food preparation (334)
•	 Less repeated attempts (<10 times) (334)
•	 Less persuasion (334)
•	 Less encouragement (334)
•	 Offer help in older and no help in younger children (335)
•	 Negative and no positive verbalization (335)
Less maternal nurturance during feeding (336)
Maternal concerns about undereating/underweight (337)
Non-responsive feeding practices (333), lower awareness of 
infant hunger/satiation cues (337)
Overt controlling feeding style (338):
•	 Pressure/force to eat (312, 313, 331, 334, 335, 337, 339, 340)
•	 Restriction to eat* (337)
Permissive feeding style (313)
•	 Allow snacking (334)
•	 Nutrient supplementation (334)

Parenting style Poor maternal sensitivity/non-responsive (48, 341)*

Health perception Poor maternal health (73, 325)

Core beliefs Low maternal self-esteem (75)
Unhealthy maternal core beliefs (75, 342)
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Table 3: (Continued)

SOCIAL

Parental 
psychopathology

Maternal psychiatric disorder* (343)
Paternal post-traumatic reactions (after prematurity) (344)
Maternal eating disorder* (191, 242, 343, 345-349)
Maternal infantile food refusal (242)
Parental internalizing problems (350)
Maternal anxiety (62, 73, 74, 191, 311, 325, 347, 350)
Paternal anxiety (351)
Maternal depression* (73, 74, 191, 347, 350)
Mothers with psychosocial risk factors and high levels of 
depressive symptoms (352)

Deprivation Institutional deprivation, longer duration (353)

Other Less optimal familial relations (201)
Maternal bereavement (one year prior to or during pregnancy) 
(354)
Not feeling positive about the baby (74)
Parental smoking (355)
Parental infantile feeding problems (325)

Risk factors from studies including a control group are shown
CDH = Congenital diaphragmatic hernia
HIV/AIDS = human immunodeficiency virus/autoimmune deficiency virus
ECMO = extracorporeal membrane oxygenation
NICU = Neonatal Intensive Care Unit
$ Congenital malformations included ICD-10 diagnoses including congenital malformations of 
the nervous system, circulatory system, respiratory system, digestive system, urinary system, 
musculoskeletal system, cleft lip and palate, chromosomal abnormalities not otherwise specified 
and other congenital malformations
@Defined by trained informants known in the area
%Defined by using the ‘Ten Questions Screen’ (Zamen et al. 1990)
&Definition not specified
*Some studies describing no associations with feeding problems and disorders were found as well 
(regarding cigarette smoking in utero (356), prematurity (18, 85), cleft lip/palate (357), ventilation 
(18), solid food introduction before or after 6 months (48, 326), restriction to eat (331), parental 
eating disorders (358), maternal eating disorder (359), maternal psychopathology (75), maternal 
depression (62, 162, 311)), temperament (180), negative affect (180), difficult temperament (336), 
poor parental sensitivity (180))

Note: factors found not to be associated with feeding problems and disorders were antiepileptic 
drugs in utero (360), calcium channel blockers in utero (210), marihuana smoking in utero (356), 
prenatal exposure to cocaine (213), benzodiazepine in utero (361), labor epidural analgesia with 
Fentanyl (362), no difference between 0.125% bupivacaine and 0.2% ropivacaine during epidural 
analgesia for labor pain (363), maternal hepatitis B infection status (207), earlier postpartum 
discharge (68, 364), maternal post-traumatic reactions after prematurity (344), no breast feeding 
versus ≥6 months breast feeding (326), mild encephalopathy (365), BMI associated single-nucleotide 
polymorphisms (366), tongue tie (367).
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DIAGNOSTICS

History
Comprehensive medical history (including prenatal, birth and neonatal 
findings, developmental history), feeding history (including transitional 
milestones, triggers for food refusal and diet) and parental feeding 
techniques provide clues considering the etiology of the feeding disorder in 
young children (101, 102). Symptoms of certain medical underlying disorders 
are beyond the scope of this introduction. In children with feeding disorders 
caused by medical problems, parental concerns regarding growth leading to 
focus on food intake resulting in food refusal is more common compared 
to nonorganic feeding problems (101, 102). Symptoms of feeding disorders 
caused by psychological or behavioral problems are liveliness, anticipatory 
gagging and inadequate parental feeding techniques (101-103).

Questionnaires
A myriad of (child and) parental questionnaires are used to assess feeding 
behavior and problems. Many studies, however, do not report reliability and 
validity. A systematic review assessing 5 parent-reported questionnaires 
(‘Behavioral Pediatrics Feeding Assessment Scale’ (BPFAS), ‘Child Eating 
Behavior Inventory’ (CEBI), ‘Children’s Feeding Assessment Questionnaire’ 
(CFAQ), ‘Mealtime Behavior Questionnaire’ (MBQ) and ‘Montreal Children’s 
Hospital Feeding Scale’ (MCHFC)) in children aged 2-5 years, showed that 
the BPFAS was the most reliable and valid (104). Another systematic review 
showed 3 parent-reported measures (the BPFAS, MBQ and ‘About Your 
Child’s Eating—Revised’) to be reliable and valid in children with chronic 
diseases (105).

Physical examination
Measurements of height (providing information on chronic nutritional 
status) and weight (providing information on acute nutritional status) are 
plotted on growth charts. Z-score for height is significantly lower in children 
with medical disorders (102). Inadequate weight gain is common in both 
children with feeding disorders caused by medical and behavioral disorders 
(101). Z-score for weight, therefore, does not discriminate between these 
groups (102). Abnormalities found by physical examination conforming 
certain medical problems fall beyond the scope of this introduction.

Observations
Four systematic reviews assessing oral motor feeding and swallowing 
measurements in children showed incomplete and inconsistent 
psychometric data, and lack of reliability and validity (106-109). A systematic 

review found 4 observational measures to be ‘well established’ in children 
with chronic diseases: ‘Dyadic Interaction Nomenclature for Eating’, ‘The 
Feeding Scale’, ‘Mealtime Family Interaction Coding System’ and ‘Mealtime 
Observation Schedule’ (105).

Additional investigations
Additional investigations such as laboratory examinations, ultrasound, 
Magnetic Resonance Imaging (MRI) scan, videofluoroscopy, and gastroscopy 
may depend on previous findings from history and physical examination 
(including growth evaluation) and fall beyond the scope of this introduction. 
Referral to other departments such as ear-nose-throat, gastroenterology, 
genetics and psychiatry should also be considered and may depend on 
other findings as well.

MANAGEMENT AND THERAPY

Prevention of development of feeding problems
Prevention of feeding problems such as food fussiness can be performed by 
parental education, parental support, family group sessions and (prenatal 
and postpartum) home visits in order to promote a “healthy diet” (110-
114). Repeated exposure to vegetables or other green products, parental 
modelling and rewarding increase vegetable intake (115, 116). However, this 
seems to be more effective in high sociable and less neophobic children 
(115, 116). Child care and early childhood education centers are also 
associated with increased fruits and vegetables acceptance in children, 
probably due to peer and teacher modelling (117-119)). Sensory-based food 
education in these centers further increases willingness to eat fruits and 
vegetables (120).

Treatment of feeding problems and disorders
Various interventions, such as caregiver education and therapy, 
psychological and behavioral therapy, speech language and occupational 
therapy, nutritional, medical and pharmaceutical approaches are used by 
different disciplines for children with feeding disorders (table 5) (121).

I



28 29

General introductionGeneral introduction

Table 5: Treatment

Caregiver education and 
therapy

•	 Structured mealtimes
•	 Modeling
•	 Involving the child in the feeding process
•	 Contingency management treatments (positive 

reinforcement by rewarding appropriate behavior for 
instance by verbal praising; ignoring inappropriate 
behavior) (519-529)

Psychological and 
behavioral therapy (530) 
(121) (531)*

•	 Exposure (532) for instance by play (therapy) (533-535) 
(which seems to be less effective in highly neophobic 
children (536, 537))

•	 Behavior modification by escape extinction, operant 
conditioning, shaping and systemic desensitization 
(538-540)

•	 Parent-child interaction therapy (541)
•	 Intensive interventions combining several strategies 

(528)
Speech language and 
occupational therapy

•	 Oral sensorimotor therapy (542-554)
•	 Chewing training (555)

Medical and 
pharmaceutical 
interventions**

•	 Treating medical problems causing the feeding 
problems***

•	 Hospitalization to achieve catch-up growth in infants 
with non-organic failure to thrive (189, 556-558)

•	 Pharmaceutical agents: few studies found beneficial 
effects (such as growth hormone in children with 
Silver Russel Syndrome and Turner Syndrome (559), 
prokinetics (such as Erythromycin and Metoclopramide) 
in prematurely born infants (560), cyproheptadine (561, 
562), oxycontin in infants with Prader Willi (563)), but 
randomized controlled trials are warranted. Cobalamin 
supplementation was not effective in a double-blind 
randomized controlled trial in infants with feeding 
difficulties and biochemical cobalamin dysfunction 
(564). Inconsistent results were found regarding 
anthropometric benefits of zinc supplementation in two 
randomized controlled trials (565, 566)

Nutritional interventions 
(567)

•	 Thickening agents are used in infants with aspiration 
and swallowing problems but evidence is limited (568)

•	 Multiple herb formula (569) and bovine colostrum (570) 
were found to have beneficial effects in randomized 
controlled trials

•	 Oral calorie supplements (571)
•	 Increased energy density formulae (572)
•	 Tube feeding (122-139, 573-577)

Tube weaning •	 Transdisciplinary home-based, outpatient, daycare and 
inpatient programs (121, 124, 140-161, 578, 579)

*Cognitive behavioral therapy is not described since this is generally studied in older children
** Only studies specifically assessing feeding problems were included
*** Such as frenotomy in infants with ankyloglossia (580-585), surgery in infants with laryngomalacia 
(586) and Nissen fundoplication with gastrostomy in children gastro-esophageal reflux disease and 
associated feeding problems (587)) as found by our search

Tube feeding
In children who are unable to be adequately orally fed, tube feeding can be 
crucial to ensure nutritional intake and growth (122). Chapter 5 describes 
the prevalence rate and side effects of tube feeding in the Netherlands. 
Tubes can be placed orally (in case of nasal abnormalities or while on CPAP), 
nasally (nasogastric, nasoduodenal, nasojejunal) or by gastrostomy (123-
126). The European Society for Pediatric Gastroenterology, Hepatology, and 
Nutrition (ESPGHAN) recommends a gastrostomy, placed by percutaneous 
endoscopic gastrostomy (PEG) technique, when tube feeding is expected 
to be necessary for the long-term in order to reduce discomfort and 
complications, and to optimize nutritional intake and health-related quality 
of life (123). The PEG procedure seems to be efficient and relatively safe 
(127-132). In chapter 6, we question the use of prophylactic antibiotic 
treatment to reduce wound infections after a PEG procedure. It has been 
reported frequently that feeding via the PEG improves anthropometrics such 
as weight and height (128-130, 133, 134) and oral feedings (127). In addition it 
improves parental mental health (135). However, infection, granuloma and 
buried bumper are possible complications of the PEG procedure (132, 136). 
A large study including 384 children reported that neurological disorders, 
developmental delay and congenital heart disease are common indications 
for PEG placement (127, 132).

Tube weaning
Unfortunately, tube feeding does not result in adequate nutritional intake 
and growth in all cases (137-139) and it often leads to food avoidance (138). 
The development, prevention and treatment of feeding tube dependency 
is described in chapter 7. Tube dependent children usually have complex 
medical histories or developmental delays (140, 141). Most authors 
suggested that tube weaning can be very difficult and may take months-
years untreated (142, 143) or even treated (141, 144, 145). Duration of tube 
weaning seems to be shorter in children with a lower age who were being 
tube fed for a shorter duration (141, 146). Tube feeding can lead to persisting 
feeding problems even after tube discontinuation (124). Transdisciplinary 
tube weaning programs (including medicine, dietetics, speech language 
pathology, occupational therapy, and psychology) can be home-based, 
outpatient, daycare or inpatient (121, 140, 145, 147). Transition to oral 
feeding, weaning duration, growth, and quality of mealtime (behavior) can 
be taken in consideration regarding outcome measures (145, 147).

In the outpatient setting, pedagogical and psychological interventions 
may include parental education and support, general psychological 
techniques (for instance modelling, operant conditioning, systemic 
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desensitization, positive reinforcement, shaping), trauma therapy and 
parent-child interaction therapy (145). Furthermore, food and sensory play 
and sensorimotor therapy are performed (145). Dietetic interventions may 
involve modification of feed schedules (including shift of tube feeding 
to daytime to imitate a normal feeding cycle, or shift of tube feeding to 
the night in order to increase appetite during the day), appetite induction 
(including reduction or discontinuation of tube feeding and nutrient dense 
feeds, and decreasing the feed volume) (141, 145, 146). One study combining 
appetite inducing and behavioral therapy showed that 76% of the children 
was tube weaned within 1 year (144). One retrospective study reported that 
80% was successfully weaned within 6.5 year (141). Another retrospective 
study showed that an intensive multidisciplinary therapy program (including 
appetite induction by cyproheptadine and reduction of tube feeding) had 
a higher decline of tube dependency (49% versus 0%) and higher 5 weeks 
efficacy (43.5% versus 13.6% being weaned) compared to once weekly 
single-discipline therapy (148). An observational study concerning home-
based hunger inducing program with parental education for 10 days, showed 
a success rate of 89.7%. Those being weaned had improved feeding behavior 
at 2 year follow-up (149). Another study showed that the same home 
based intervention reduced symptoms of posttraumatic feeding disorder 
(150). Fifty percent of patients from an outpatient videoteleconferencing 
intervention had to switch to an intensive day care program in order to 
wean them (151). A small (n=10) observational study showed that black 
pepper oil, which is thought to be an appetite stimulant, was not effective 
in tube weaning, but increased oral intake in some tube dependent children 
(152).

Intensive transdisciplinary inpatient or day treatment tube weaning programs 
use appetite or hunger induction (by reducing or discontinuing the caloric 
amount of tube feeding), behavioral therapy or a combination of both, and 
are highly effective on short (51-92% weaned) and long term (78%) (140, 
153-159). The long-term efficacy of the clinical hunger provocation to wean 
feeding tube dependent children is described in chapter 8. A systematic 
review including 593 young children (age 16-48 months) described that the 
efficacy of tube weaning programs was 71% (ranging from 41-100%, 95% 
CI 54%-83%) at discharge and 80% (95% CI 66%-89%) at last follow-up 
(140). Tube weaning programs are associated with improved oral intake, 
better mealtime behavior and less caregiver stress (140). Side effects may 
be decrease of anthropometrics and subcutaneous body fat (156, 160), 
urine specific gravity >1020, ketonuria and hypoglycemia (161). Although 
expensive, these programs seem to be cost-effective on the long term (143).

PROGNOSIS

Prognosis from longitudinal data regarding feeding behavior, nutrition 
and growth, and psychosocial functioning and development over time are 
described below.

Feeding behavior
Outcomes regarding feeding behavior depend on the type of feeding 
problem and the age of the child. Sucking problems in healthy newborns 
do not predict inadequate feeding several months later (162). In prematurely 
born infants, lack of appetite and feeding dysfunction tend to continue, but 
oromotor dysfunction and avoidance decreased after several months (80). 
Seventy-eight percent of the prematurely born infants who were discharged 
with a gastrostomy tube (placement at postmenstrual age 49.6 weeks), 
were still tube-dependent at 12 months of corrected age (163). In general, 
feeding problems and disorders tend to continue from infancy to a 3-8 
months later in infancy (164, 165) and infants with postpartum feeding 
problems are less often being breast fed at 6 months (67). All studies 
assessing infantile feeding problems found higher risk of childhood feeding 
and eating problems (63, 74, 166-171), although some studies found that 
feeding problems did not persist in 29-52% children (73, 172, 173). Continuity 
into adolescence is unclear, with two studies finding significant associations 
between infantile feeding problems and lower appetite (174) and persisting 
eating problems (74). One study, however found no associations (175).

Several studies have shown that eating problems and disorders in childhood 
(such as neophobia, selective or picky eating, food refusal, mealtime 
behavior problems) are predictive of eating problems later in childhood 
(176-181). Only one study found that lack of appetite and food selectivity 
did not predict eating problems later in childhood (182). A study including 
more than 300 preschoolers showed that a lack of appetite continued 
later in preschool more often (23-65% continue) than selective eating (25-
31%), but that new eating problems were more common than persisting 
problems (57). Feeding problems (evident from tube dependency, liquid 
thickening, requiring feeding therapy and special feeding techniques, and 
choking during eating) in children with cerebral palsy remained stable during 
childhood (183). Continuity in adolescence and adulthood also depend on 
the type of problem. Selective eating behavior in childhood is related to 
selective eating and neophobia in adolescence and adulthood, but does not 
predict eating disorder symptoms or pathology (64, 177). Eating disorder 
symptoms in childhood, however, do predict eating disorder symptoms in 
adolescence (182). In children with autism spectrum disorder, mealtime 
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behavior problems and the number of refused food products decreases 
towards adolescence (184).

Nutrition and growth
Infants with feeding problems and disorders show lower weight gain rate in 
their 1st and 2nd month, and lower size gain rate within their 2nd month (185). 
Inadequate feeding was associated with slower postnatal growth (162). 
Results concerning growth from infancy to childhood are conflicting. Some 
studies showed that infants with nonorganic failure to thrive/food refusal 
show decreasing weight (186) and height (186), and lower rate of weight 
gain (186), lower SD scores of head circumference (187), weight (186, 187), 
height (186, 187) and body mass index (BMI) (187) in childhood compared 
to controls. By contrast, other studies showed that feeding problems and 
disorders in infancy are associated with decrease of malnutrition (166), 
improvement of weight (188), normal weight ranges (188, 189), no association 
with obesity (190), and no differences with controls (168, 172) in childhood. 
Adolescents who had feeding problems or disorders in infancy are shorter 
and lighter compared to controls (174). The outcome regarding BMI remains 
unclear since one study found lower BMI (174), but another study found no 
differences compared to controls (175).

One study found that obesity in children diagnosed with Autism Spectrum 
Disorder and feeding and eating problems and disorders increased from 
childhood to adolescence (184). Obesity in children with selective eating 
behavior did not increase from childhood to adulthood (64).

Development and psychosocial functioning
Only studies on infantile feeding disorders were found concerning 
development and psychosocial functioning later in life. Healthy infants with 
feeding problems had normal development later in infancy, but maternal 
distress increased at 6-12 months (164, 191). Infants born prematurely 
discharged with gastrostomy tube, had lower cognitive, communication 
and motor development later in infancy compared to those without (163). 
Many studies were found assessing developmental outcomes in children 
who had feeding problems and disorders in infancy. Inconsistent results 
were found regarding cognitive outcomes with four studies finding lower 
cognitive development in children who had feeding problems or disorders 
in infancy (192-195), and 2 studies showing no differences (187, 188). A 
meta-analysis, however, found that infants with nonorganic failure to thrive 
had a significantly lower cognitive development (corresponding to 4.2 IQ 
points) during childhood compared to controls. The authors hypothesized 
this was caused by malnutrition, but suggested that other causes such 

as developmental or genetic underlying factors may have contributed as 
well (196). Additionally, infants with feeding problems and disorders were 
found to have lower neurodevelopmental outcomes (197), lower motor 
development (188), lower development of organization and ego control 
and resilience (198), more behavioral/social problems (63, 173, 199, 200) 
and altered family relationships (201) later in childhood compared to 
controls. Some studies were more reassuring, founding no differences in 
behavior (168), (psychomotor) development (173) (172), problem behavior 
(198), and speech, reading and spelling (167, 187) compared to controls. 
Infants with neonatal feeding problems seem to have an increased risk for 
Autism Spectrum Disorder later in childhood or adolescence (202, 203). 
Infants with nonorganic failure to thrive did not seem to increase risks 
for anxiety, depression or low self-esteem, but they had less automatized 
word recognition in adolescence compared to healthy controls (174, 204). 
Children with infantile anorexia aged 2 years showed behavioral problems, 
anxiety, depression and withdrawal 3-5 years later more often compared 
to controls (166).

Studies on children with feeding disorders and development and 
psychosocial functioning later in life were not found.

This chapter discussed the normal feeding development and process, 
definitions and classifications, epidemiology, risk factors, associations, 
diagnostics, management and therapy, and prognosis of feeding problems 
and disorders in a nutshell. Part I (chapter 1 and 2) of this thesis will focus 
on feeding problems and disorders, part II (chapter 3 and 4) on psychosocial 
associations, part III (chapter 5 and 6) on tube feeding and part IV (chapter 
7 and 8) on tube weaning.
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ABSTRACT

Background: There is a lack of knowledge regarding the diet of children 
with inflammatory bowel disease (IBD). Therefore, we investigated dietary 
intake in pediatric IBD compared to the general population, and assessed 
anthropometrics and food avoidance.

Methods: In this cross-sectional cohort study, patients younger than 18 
years with IBD were included (2014−2017). Dietary intake (total energy, 
macro nutrients, food types) was assessed using a Food Frequency 
Questionnaire (FFQ), and compared with a matched reference population 
(n = 306).

Results: There were 102 patients included (55% male, median age 15.0 
years). Median height Z-score was -0.39 (interquartile range [IQR] -1.17 to 
0.26). Growth failure (height Z-scores <−1.64) was present in 11% of patients. 
Median BMI Z-score was 0.36 (IQR: -0.70 to 0.96). Acute malnutrition 
(weight-for-height Z-score <−2) was present in 3% of patients.

Energy intake was lower in pediatric IBD compared to the reference 
population (mean kilojoule/day: 8286 vs 9794, P < 0.001). Protein intake 
did not differ, while fat intake was higher in pediatric IBD (mean gram/day: 
101 vs 91, P < 0.001), with higher intake of vegetable oils/fats. Carbohydrate 
intake was lower in pediatric IBD (mean gram/day: 267 vs 305, P < 0.001), 
with lower intake of food types high in sugar. Food avoidance was reported 
in 53% of patients, with frequent avoidance of spicy (46%), high-fat food 
(30%), and dairy (30%).

Conclusions: The diet of children with IBD differs from the general pediatric 
population, with lower energy intake and high rates of food avoidance. 
Evaluation of the dietary intake alongside anthropometrics may be 
important to prevent nutrition deficiencies and promote health.

INTRODUCTION

Inflammatory bowel disease (IBD) is a group of chronic diseases 
characterized by relapsing intestinal inflammation, comprising of Crohn’s 
disease and ulcerative colitis, and if indeterminable, IBD-unclassified. 
Approximately 25% of IBD patients are diagnosed during childhood (1), with 
5−12/100,000 newly diagnosed children per year (2).

Symptoms of IBD in children are abdominal pain, change of bowel habits and 
impaired general well-being. Linear growth failure is common at diagnosis, 
especially in Crohn’s disease, and may precede gastrointestinal symptoms 
(3). Growth failure likely arises from an interaction between inflammation 
(i.e., effect of cytokines on growth factors), genetic predisposition, and 
malnutrition due to lower intake, protein malabsorption, and potential 
increase in basal metabolism (4). Malnutrition is most common in the acute 
phase of IBD (5), but can also endure during periods of clinical remission 
(6). Nevertheless, as observed in the general population, a recent report 
exhibited high prevalence of overweight and obesity in children with IBD 
(7-9). Clinical management of these children, in addition to the therapeutic 
control of inflammation, must therefore include guidance on an appropriate 
and healthy diet to facilitate disease remission, growth, and overall health 
(4).

Data on the diet of children with IBD is scarce. The few studies evaluating 
dietary intake in pediatric IBD are either reporting a limited number of 
patients (10, 11) or are lacking comparison to a valid reference population 
(12, 13). Furthermore, reports on adequacy of energy intake differ between 
studies (10, 12, 13). Hence, there are distinctive gaps in the understanding 
of the diet of children with IBD. In addition, data regarding food avoidance 
related to IBD symptoms could give more insight in the dietary intake of 
these young patients.

In this study, we aimed to investigate anthropometrics and dietary intake, 
and compare this data to the general population, in children and adolescents 
with previously diagnosed IBD. Moreover, we assessed avoidance of certain 
foods related to worsening of abdominal symptoms.

METHODS

Patients
In this cross-sectional study, we included children (aged 10–18 years) with 
an established diagnosis (>1 month) of Crohn’s disease, ulcerative colitis or 
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IBD-unclassified according to the revised Porto criteria (14), treated at the 
outpatient pediatric gastroenterology clinic of the Academic Medical Center, 
the Netherlands (May 2014–April 2017). Patients with IBD-unclassified were 
analyzed together with ulcerative colitis patients. Patients on a restricted 
diet for remission induction (i.e. exclusive enteral nutrition) of Crohn’s 
disease or on bowel-cleansing solutions for endoscopic assessment in the 
preceding month were excluded. Patients were contacted by phone by one 
of two researchers (KD or HK). Participation comprised the assessment of 
the dietary pattern using an online Food Frequency Questionnaire (FFQ), 
food avoidance, clinical disease activity through telephone interview, 
and height and weight measurement during outpatient visits. Patients 
who declined participation or did not fully complete the questionnaires 
were defined as nonresponders. Approval from the local Medical Ethics 
Committee was obtained.

Data collection

Sociodemographic and patient characteristics
The following baseline patient characteristics were extracted from patients’ 
medical records: age, sex, time since diagnosis, IBD phenotype according to 
the Paris classification (15), current medication, and previous IBD-related 
surgery.

Clinical disease activity
Clinical disease activity was evaluated using the abbreviated Pediatric 
Crohn’s Disease Activity Index (aPCDAI) for Crohn’s disease (16, 17), or the 
Pediatric Ulcerative Colitis Activity Index (PUCAI) for ulcerative colitis (and 
IBD-unclassified) (18). Clinical disease activity was not used in patients with 
an ileo- or colostomy or a colectomy with ileal pouch-anal anastomosis to 
minimize bias due to disparate stool frequency and consistency. Clinical 
disease activity was classified using previously validated cutoffs: remission 
(aPCDAI<10 or PUCAI<10 points), mild (aPCDAI 10–15 or PUCAI 10–34 points), 
and moderate-severe (aPCDAI≥20 or PUCAI≥35 points) (16-19).

Growth and anthropometrics
Anthropometrics (height, weight, body mass index [BMI], and weight-for-
height with Z-scores) were assessed during outpatient visits, at time of FFQ 
assessment (20). Height and BMI Z-scores were presented in all patients 
and separate groups: Crohn’s disease or ulcerative colitis and clinical 
remission or active disease. The presence of growth failure was defined 
as height Z-scores <−1.64 corresponding to <fifth percentile (21). Overweight 
was defined as a BMI Z-score >1 and obesity as BMI Z-scores >2, according 

to the Dutch guidelines (22). Acute malnutrition was defined as weight 
for height Z-scores <-2, according to the Dutch guidelines (23). Weight for 
height instead of BMI was used to accurately assess acute malnutrition, 
because height deflection due to chronic illness can flatter BMI.

Dietary intake
Dietary intake over the last month was assessed using a validated FFQ 
(FFQ-NL1.0) developed by the division of Human Nutrition of Wageningen 
University (24). The FFQ-NL1.0 consists of 160 food items with questions 
on frequency and consumed amounts with a reference period of 1 month. 
Children were instructed to complete the FFQ together with at least one 
caregiver. Trained dietitians from the Wageningen University evaluated if 
the FFQ was filled out properly. The following energy intake (kilojoules 
[kj]/day) and intake of macronutrients (grams/day) were assessed: protein 
(vegetable, animal), fat (saturated, mono-, poly-unsaturated fatty acids, 
linoleic acid, trans fatty acids), carbohydrates (mono-, di-, polysaccharides), 
and food groups (with a substantial intake). Food groups were classified 
using the EPIC-Soft classification of food groups, as exhibited in table 3 (25). 
Dietary intake of macronutrients and food groups were adjusted for total 
energy intake to level out systematic differences in total intake (26). Dietary 
intake of children with IBD was compared to the reference population, 
which consisted of matched children from the general population, collected 
during the Dutch National Food Consumption Survey 2007−2010 (27). Dietary 
intake of the reference population was assessed using two nonconsecutive 
24-hour dietary recalls per control with an interval of approximately 4 
weeks (range 2−6 weeks) (27). The FFQ-NL1.0 and 24-hour dietary recalls 
agree well on energy intake and most macronutrients, with low levels of 
bias in mean values (24). Estimated energy requirements (EER) in kj were 
calculated using Schofield equations with a ‘light’ physical activity level 
(PAL) (28,29): males: (74*weight[kg] + 2754)*PAL; females: (56*weight[kg] 
+ 2898)*PAL. This did not include potential additional energy requirements 
related to IBD. Although lower intake might be specific to pediatric IBD, 
we calculated the ratio of energy intake to basal metabolic rate (BMR) to 
detect potential under- or over-reporting of dietary intake, using Goldberg 
cutoffs (energy intake/BMR: <1.01 or >3.20) (30). Vegetable and fruit intake 
was compared to recommendations of the Netherlands Nutrition Center 
(31).

Food avoidance
Food avoidance was assessed asking the patients: “do you avoid foods 
because of worsening of abdominal symptoms (e.g., abdominal pain and/

1
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or change of bowel habits)?”. Types of avoided foods were registered. We 
only exhibited food types that were mentioned by at least 2 patients.

Statistical analysis
Children with IBD were exactly matched with a reference population 
on age (difference <12 months between patients and controls), sex and 
meteorological season (spring, summer, fall, winter) at time of dietary 
assessment using the SPSS FUZZY case-matching algorithm without 
replacement, until no exact match remained for each case.

Differences in baseline characteristics of responders and nonresponders, and 
children with IBD and the reference population, and their dietary intake were 
analyzed using Fisher exact tests for categorical variables and t tests, or 
Mann-Whitney U tests, for normally and non-normally distributed continuous 
variables, respectively. A sensitivity analysis was performed on energy intake 
between children with IBD and the reference population, excluding those with 
potential under- or over-reporting of dietary intake. Additionally, differences 
in energy and macronutrient intake between patients with Crohn’s disease 
and ulcerative colitis -or those in remission and active disease- and the 
reference population were analyzed using one-way ANOVA with Turkey 
posthoc test for normally distributed variables or Kruskal-Wallis test with 
Dunn’s posthoc for non-normally distributed variables.

Associations between energy intake, and clinical disease activity (remission, 
mild, moderate-severe), months since diagnosis, height Z-score, or BMI 
Z-score were done using multivariable linear regression (expressed 
as standardized beta [B]), corrected for age and sex. Adjustment for 
multicomparisons in dietary intake between children with IBD and the 
reference population was performed using a level of significance at P < 0.005, 
and for other comparisons at P < 0.05. Statistical analysis was performed 
using IBM SPSS Statistics 24 for Windows.

RESULTS

Patient characteristics
In total, 102 patients (56 [55%] male, median age 15.0 years) were included: 67 
Crohn’s disease, 32 ulcerative colitis, and 3 IBD-unclassified. The response rate 
was 77% (102/132). Responders were of comparable age (median: 15.0 years 
[13.0–16.3] vs 15.0 years [13.0–16.0], P = 0.223) and had a similar distribution 
of gender (male: 55% vs 46%, P = 0.533) and type of IBD (Crohn’s disease, 
ulcerative colitis, IBD-unclassified: 66%, 31%, 3% vs 70%; 23%, 7%, P = 0.435) 
compared with nonresponders. Based on clinical indices, 55 (54%) patients 

were in remission, 30 (29%) patients had mild and 17 (17%) patients moderate-
severe disease activity. Additional patient characteristics, including medication 
for IBD, previous surgery, and disease phenotype according to the Paris 
classification, are presented in Table 1.

Height and anthropometrics
Height and anthropometrics were assessed in 92 (90%) patients. The median 
height Z-score was -0.39 (-1.17 to 0.26), with neither significant difference 
between Crohn’s disease and ulcerative colitis patients (median: -0.54 [-1.43 
to 0.22] vs -0.24 [-0.77 to 0.34], P = 0.115), nor between patients with IBD in 
clinical remission and with active disease (median: -0.39 [-1.24 to 0.34] vs 
-0.39 [-1.29 to 0.21], P = 0.528). Growth failure was present in 10 (11%) patients 
(3% in ulcerative colitis and 15% in Crohn’s disease patients).
The median BMI Z-score was 0.36 (-0.70 to 0.96), with no difference between 
Crohn’s disease and ulcerative colitis patients (median: 0.32 [-0.71 to 0.83] vs 
0.42 [-0.64 to 1.24], P = 0.410), nor any difference between patients with IBD 
in clinical remission and active disease (median: 0.53 [-0.73 to 1.21] vs 0.36 
[-0.70 to 0.85], P = 0.447). Acute malnutrition was present in 3 (3%) patients, 
while overweight and obesity were present in 15 (16%) and 6 (7%) patients, 
respectively.

Dietary intake
Dietary intake of children with IBD (n = 102) was compared to a reference 
population (n = 306) (Table 2, Fig. 1). Patients and the reference population 
controls did not differ on age (median: 15 years [13–16] vs 15 years [13–17], 
P = 0.690), gender (55% vs 55%, P = 1.000), and season (autumn, winter, spring: 
29%, 14%, 57% vs 29%, 14%, 57%, P = 1.000) at time of dietary assessment.

Figure 1: Difference in energy intake and macronutrients between children with IBD and 
the reference population. * indicate an significant difference (p<0.005).
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Energy intake
Energy intake was lower in children with IBD compared to the reference 
population (mean kj/day: 8286 (2772) vs 9794 (2739), P < 0.001, Table 2). A 
lower energy intake in pediatric IBD patients was seen in both sexes and 
age groups per sex (10-13 and 14-17 years) (Table 2). Both children with IBD 
and those from the general population had an overall energy intake lower 
than their estimated EER, although this ratio was significantly lower in 
children with IBD (80% vs 92%, P < 0.001).

A sensitivity analysis performed on energy intake between children with 
IBD and the reference population, to exclude those with potential under- or 
over-reporting of dietary intake, showed that the energy intake was still 
lower in children with IBD (mean kj/day: 8370 (2455) vs 10,303 (2483), P < 
0.0048).

Distributing patients into type of IBD, energy intake of children with 
Crohn’s disease was lower compared with the general population, while 
patients with ulcerative colitis did not significantly differ from the reference 
population (Supplementary Table 1). When distributing patients by clinical 
disease activity, energy intake was comparable between patients in 
remission and with active disease, and both were lower compared with 
the reference population (Supplementary table 2).

Macronutrients
Total protein intake did not differ, but vegetable protein intake was higher 
in children with IBD compared with the reference population (mean g/day: 
36.5 [8.0] vs 32.6 [7.5], P < 0.001, Table 2). Total fat intake was higher in 
children with IBD compared to the reference population (g/day, mean: 100.5 
[14.2] vs 90.6 [16.4], P <0.001, Table 2). Difference in total fat intake was 
primarily caused by higher intake of monounsaturated, polyunsaturated, and 
not saturated fatty acids. Moreover, linoleic acid and trans fatty acid intake 
was higher in children with IBD compared with the general population. Total 
carbohydrate intake was lower in children with IBD (mean g/day: 266.6 
[33.2] vs 305.0 [39.2], P < 0.001, Table 2), with a lower intake of mono- and 
di-, but not polysaccharides.

Distributing patients into type of IBD, showed that the total fat intake was 
higher and the total carbohydrate intake lower in both children with Crohn’s 
disease and ulcerative colitis, compared with the reference population 
(Supplementary Table 1).

Table 1: Patient characteristics

IBD (n=102)

Age (median, IQR) 15.0 (13.0–16.3)
Male 56 (54.9%)
Months since diagnosis of IBD (median, IQR) 36.0 (15.8–52.0)
Diagnosis of IBD
CD
UC
IBD-U

67 (65.7%)
32 (31.4%)
3 (2.9%)

Current medication for IBD
Thiopurine
5-ASA
Anti-TNF
Steroids
Methotrexate

95 (93.1%)
45 (44.1%)
34 (33.3%)
32 (31.4%)
19 (18.6%)
11 (10.8%)

Previous IBD-related surgery
Perianal surgery
Resectional surgery

16 (15.76%)
10 (9.8%)
6 (8.9%)
Crohn’s disease (n=67)

Age at diagnosis (Paris classification)
A1a: 0–<10 years
A1b: 10–<17 years
A2: 17–40 years

16 (23.9%)
50 (74.6%)
1 (1.5%)

Locationa (Paris classification)
L1
L2
L3
L4a
L4b
L4ab

7 (10.4%)
18 (26.9%)
42 (62.7%)
12 (17.9%)
1 (1.5%)
18 (26.9%)

Behavior (Paris classification)
B1: non-stricturing, non-penetrating
B2: structuring
B3: penetrating
B2B3: penetrating and stricturing
p: perianal disease

60 (89.6%)
5 (7.5%)
1 (1.5%)
1 (1.5%)
9 (13.4%)

Growth impairment (Paris classification)
Evidence of growth delay 12 (17.9%)

Ulcerative colitisb (n=36)
Extent (Paris classification)
E1: proctitis
E2: left-sided disease
E3: extensive disease
E4: pancolitis

3 (8.6%)
5 (14.3%)
3 (8.6%)
24 (68.6%)

Severityc (Paris classification)
S1: ever severe 12 (34.3%)

a L1: distal 1/3 ileum ± limited cecal disease; L2: colonic; L3: ileocolonic; L4a: upper disease proximal
to ligament of Treitz; L4b: upper disease distal to ligament of Treitz and proximal to distal 1/3 ileum.
b patients with IBD-unclassified were analyzed as ulcerative colits.
c defined as ever a PUCAI ≥65 points.
CD: Crohn’s disease, IQR: inter quartile range, UC: Ulcerative colitis.

1
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No differences between the total intake of protein, fat and carbohydrates 
were seen between children with Crohn’s disease and ulcerative colitis 
(Supplementary Table 1). When distributing patients on clinical disease 
activity, total protein intake did not differ between children with active 
disease or in clinical remission, nor did it differ from the reference 
population (Supplementary Table 2). Fat and carbohydrate intake were 
comparable between patients in remission and those with active disease, 
and both groups differed from the reference population with higher fat and 
lower carbohydrate intake (Supplementary Table 2).

Food groups
Vegetable and fruit consumption was higher in children with IBD compared 
with the general population (Table 3). The recommended daily intake of 
vegetables (10-13 years old: 150g; 14-17 years old: 200g) and fruits (10-18 
years old: 200g) was only obtained by 10% and 37% of patients, respectively. 
Consumption of vegetable oil and margarine products was also higher in 
children with IBD compared with the general population (Table 3). Food 
groups high in sugar, such as sugar/confectionery (median g: 35.4 vs 55.4), 
and especially soft drinks and diluted syrups (median g: 87.2 vs 450.5), were 
less consumed in children with IBD compared with the general population 
(Table 3). All other food consumptions (potatoes, dairy and cereal products, 
cakes, pastries, biscuits, red meat, butter) did not differ between children 
with IBD and the reference population (Table 3).

Associations of energy intake with disease activity, months since 
diagnosis, height, and anthropometrics
Current disease activity (remission/mild/moderate-severe; Standardized 
B: -0.09, P = 0.363) and months since diagnosis (Standardized B: 0.11, 
P = 0.300) were not associated with energy intake. A trend was observed 
in the association between height Z-score and energy intake (Standardized 
B: 0.19, P = 0.058). BMI Z-score was not significantly associated with energy 
intake (Standardized B: -0.12, P = 0.269).

Food avoidance
Avoidance of foods in relation to abdominal symptoms was reported in 54 
patients (53%). Commonly reported types of avoided foods were (more to 
less frequent) 46% spicy food, 30% foods high in fat, 30% dairy products, 
11% cereal products, 11% onion/leek, 9% bell pepper, 9% sweets (candy/
chocolate), 7% meat, and 4% carbonated drinks.
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DISCUSSION

In this study, we determined the anthropometrics and dietary intake 
(including energy, macronutrients and food group intake) and compared 
them with reference values of the general population of children with IBD. 
Furthermore, we appraised food avoidance. Moreover, associations among 
energy intake, clinical disease activity, and anthropometrics were assessed.

Height-for-age Z-scores in this cohort were generally low (-0.39), which 
matches with other cohort of pediatric IBD patient under medical guidance 
(-0.46 to -0.56) (32, 33). Although we did not detect significant differences 
in mean height Z-scores between Crohn’s disease and ulcerative colitis 
patients, only 3% of ulcerative colitis and 15% of Crohn’s disease patients 
showed growth failure (defined as height Z-scores <−1.64). In a systematic 
review focusing on anthropometrics in pediatric IBD, growth failure (defined 
as ≤-2 SD) was indeed identified more often in Crohn’s disease (10%−56%) 
than in ulcerative colitis (0%−10%). However, most children with IBD 
eventually achieve final adult heights within their normal or slightly lower 
than their target height (34, 35). Nonetheless, the assessment of growth 
is essential as an impaired height is also associated with psychological 
dysfunction and lower quality of life (36-38).

Traditionally, children with IBD have been described as malnourished and 
underweight. In this cohort, BMI Z-scores were not impaired overall (0.36), 
and merely 3% of the patients were defined as acutely malnourished 
(Z-score <-2). Our rate of acute malnourishment appears to be lower 
than in other studies of children with IBD, reporting BMI Z-score <-2 in 
15% of pediatric Crohn’s disease (39). On the other side of the spectrum, 
overweight and/or obesity were substantially present in this cohort (23%), 
which corresponds to a large pediatric IBD-cohort from the United States 
reporting a prevalence of overweight/obesity of 23.6% (8), and equals 
the global prevalence of the pediatric overweight/obesity in the general 
population in 2013 of 23% (40). However, BMI is not the most accurate 
measure of anthropometrics in pediatric IBD because it only measures 
total and not lean weight. In children with IBD, BMI Z-scores can rise 
or appear normal, while lean weight Z-scores can consistently be below 
mean of healthy controls, even in patients in clinical remission (41-43). 
Nevertheless, overweight and obesity in IBD, as measured by BMI, might 
be associated with worse outcomes, including earlier IBD-related surgery 
(44) and a decrease in IBD-related quality of life (45).
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Energy intake in this study was lower in children with IBD compared with 
children of the general population. When distributing patients by type 
of IBD, energy intake of children with Crohn’s disease differed from the 
reference population, but not compared to those with ulcerative colitis. 
These results are similar to other pediatric studies, reporting a lower 
energy intake in children with Crohn’s disease compared with controls, 
in all children with Crohn’s disease (10, 12), or only in those with clinical 
active disease (10, 11). In this cohort, energy intake was low, regardless of 
active disease. The limited number of adult studies assessing dietary intake 
in IBD patients and controls of the general population, did not observe a 
difference in energy intake, regardless of clinical disease activity of IBD 
patients (46), nor when only observing IBD patients in remission (47).

Macronutrient intake for total protein did not differ from children of the 
general population. Interestingly, a slight though significant elevation of 
protein intake from vegetable proteins was observed, which is explained 
by a higher vegetable intake. Two other cohort studies of pediatric Crohn’s 
disease patients, showed comparable results (10, 12). The increased 
intake of fat observed in pediatric IBD, when compared to the reference 
population, was mainly due to a higher intake of monounsaturated and 
polyunsaturated fatty acids and not its saturated form. Currently, there is 
no data on fat intake in children with IBD. Opposite to our results, studies in 
adults did not find differences in fat intake between patients and controls 
(46, 48). Regarding the intake of carbohydrates, we observed a lower intake 
in children with IBD, primarily mono- and di-saccharides, which can be 
related to a significantly lower intake of products containing high amounts 
of sugar (e.g., sugar/confectionery and soft drinks/diluted syrups). Another 
cohort of pediatric Crohn’s disease patients found a similar decrease in 
carbohydrates (10). The results of our and the latter pediatric cohort were 
in notable contrast to adult studies, which report an even higher intake 
of total carbohydrates, especially in patients with active disease (46, 48).

In this study, we did not observe significant associations between energy 
intake, and clinical disease activity, months since diagnosis, height, or BMI 
Z-scores. The absence of significant associations may be related to the 
relative mild disease activity in this cohort. In this cohort, the majority of 
patients had clinically inactive (54%) or mild disease (29%), and secondary 
to this height and BMI Z-scores were likely less decreased. Clinical disease 
activity, specifically, might not be related to energy intake, as the former 
is just a snapshot of symptoms, which in itself is poorly correlated to the 
underlying inflammatory process (i.e. endoscopy/ inflammatory markers) 

(49). A previous study in children with IBD found no association between 
clinical disease activity and energy intake associating (12).

Months since diagnosis was not associated to energy intake. This may be 
related to the lack of patients with newly diagnosed IBD in this cohort, 
because patients on a restricted diet for remission induction, or bowel-
cleansing solutions in the preceding month were excluded.

The lack of an association between energy intake and BMI Z-score might be 
related to confounding, as BMI is a consistent determinant related to under-
reporting of dietary intake in subjects with high BMI (50). Furthermore, as 
discussed before, children with IBD can exhibit normal BMI’s, while having 
a decreased lean weight (41-43). Moreover, a small study of 16 patients with 
Crohn’s disease found no correlation between BMI and energy intake, while 
higher malabsorption -a well-documented phenomenon in IBD-was correlated 
with lower BMI (51, 52). The correlation of malabsorption with lower BMI may 
be explained by decreased availability of nutrients due to malabsorption.

Although not significant, we observed a trend toward lower height for 
age Z-scores in patients with low intake. Enduring insufficient dietary 
intake may contribute to lower growth potential (53). Deprivation of energy 
from nutrition, due to insufficient dietary intake and malabsorption, may 
independently decrease serum levels of insulin-like growth factor (54, 55) 
and may cause growth hormone resistance (54, 55). In addition, these 
hormonal changes related to nutrition, pediatric IBD patients treated 
with exclusive enteral nutrition (EEN) exhibit greater improvement of 
nutritional status over glucocorticoid treated (11, 56). Nonetheless, whether 
improvement of height and weight during EEN is due to improvement in 
nutritional status or a reduction in inflammation still needs to be elucidated.

Food avoidance related to abdominal symptoms in children with IBD was 
common (53%), with most frequently avoided items being spicy food, foods 
high in fat, and dairy products. The frequent avoidance of food by IBD 
patients (66%) is known from studies in adults (57), with types of frequently 
avoided food (e.g., spicy, dairy, foods high in fat) corresponding to avoidance 
in our cohort (58-60). As a consequence of this, patients will try to find 
a diet excluding this special food and will often not share the menu of 
their families and friends, which has social implications and can lead to 
reduced pleasure of eating (60). Disregarding a decreased total energy 
intake, predominantly seen in Crohn’s disease patients, the diet of children 
with IBD appears healthier. Pediatric IBD patients have a higher intake 
of vegetables, and monounsaturated, polyunsaturated fatty acids, while 
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primarily mono- and di-saccharides intake was lower, compared with the 
general population. Indeed, a healthy diet is one of the greatest concerns 
of patients with IBD (61) and is assumed to affect their IBD (62). Although 
some associations between diet and the onset or course of CD have been 
found, the impact of diet on the course of IBD remains ambiguous (63). 
A systematic review on epidemiological studies evaluating dietary intake 
and risk of developing IBD revealed that a higher intake of fibers and 
vegetables, as seen in our cohort, may protect one from developing CD 
(64). Furthermore, a prospective study in adults with CD exhibited that a 
higher intake of dietary fiber is associated with reduced disease flares (65). 
Moreover, a higher ingestion of sugar (66, 67), and mono- and disaccharides 
(68) have been associated with the onset of CD. However, effects of dietary 
modulation of sugar intake on the course of CD remain unknown (67).

Although the higher intake of vegetables and lower intake of mono- and 
di-saccharides might be beneficial for the course of CD, the higher intake 
of total fat and monounsaturated-, and polyunsaturated fatty acids have 
been associated with adverse health outcomes. A high intake of total fat, 
saturated fat, and monounsaturated fatty acids has been associated with 
CD onset (64) and with a more active disease phenotype (69, 70).

Results from the present study indicate that children with IBD have an 
altered diet compared to children from the general population, with a 
lower total energy intake (mainly in Crohn’s disease), lower mono- and 
di-saccharides intake, higher intake of unsaturated fatty acids, and 
overall high rates of food avoidance. Children with IBD generally have low 
height Z-scores (mainly in Crohn’s disease), but normal BMI scores, with 
overweight and obesity similarly prevalent compared with that of the 
general population. These results imply integration of dietary assessment in 
combination with anthropometrics in the treatment of pediatric IBD. First, a 
crude estimate of dietary intake can be acquired by the treating physician, 
in combination with timely and reliable measurement of height and weight. 
As discussed previously, a loss in total weight can be flattered by an 
increase in relative fat mass, while lean weight is decreased. Lean weight 
can be assessed with bioelectrical impedance analysis, which is a quick 
and noninvasive method for estimating body composition (71). Secondly, in 
patients with suspected abnormal dietary intake and/or anthropometrics, 
both supraoptimal and suboptimal, nutrition education can be provided 
by trained dietitians. Nutritional education focused on the benefits of a 
balanced diet and suggestions on how to practically implement this in 
daily life could provide patients and families with knowledge to make 
healthy choices, thereby preventing nutritional deficiencies and maintaining 

a healthy weight. Diet counseling in adults with Crohn’s disease was 
actually found efficacious in improving the nutrient intake and preventing 
food restrictions (72). However, future research should focus on effective 
approaches and interventions for improving nutritional intake and dietary 
behaviors in youth with IBD.

The strength of this study is that we assessed the diet in a large cohort 
of pediatric IBD patients under medical guidance with a reliable tool and 
compared this to a matched cohort of children from the general population. 
Furthermore, to avoid bias, we excluded patients who had a different diet 
related to therapy or bowel preparation before endoscopy. A limitation of this 
study might be the different method of assessing dietary intake in children 
with IBD and those from the general population. Nonetheless, intake of 
energy and macronutrients between FFQ’s and 24-hour dietary recalls are 
generally highly corresponding (25). The FFQ-NL 1.0, as used in this study, 
has good agreement with 24-hour dietary recalls for energy (-2.2%), protein 
(+1.8%), and carbohydrates (-1.5%) intake (24). Only fat (-6.2%), specifically 
saturated fatty acids (-13.1%) were generally lower compared with 24-hour 
recalls (24). We therefore might have underestimated the consumed fat 
in children with IBD, which was raised in the opposite direction compared 
with the reference population. Regarding food groups, low bias (<5%) was 
present in fruits (+4.8%), fats/oils (+3.4%), and bread products (-3.9%) 
between the FFQ-NL1.0 and 24-hour recalls. Greater systematic differences 
in food group intake between the FFQ-NL1.0 and 24-hour recalls are 
vegetables (-11.1%) and sugar/ confectioneries (+9.8%). Reassuringly, both 
greatly differed in the opposite direction in children with IBD compared with 
the reference population (vegetable +32.4%, sugar/ confectionery intake 
-37.8%). Comparison of food groups that may have been inaccurate, due 
to systematic differences between the FFQ-NL1.0 and 24-hour recall are: 
dairy products (+16.9%), cakes/cookies (-31.9%), and meat intake (+41.1%). 
Another limitation of the study is the lack of lean weight assessment, using 
bioelectrical impedance analysis, because our department did not have a 
bioelectrical impedance device.

In conclusion, children with IBD have a different diet compared with the 
general population, with lower energy intake and high avoidance rates of 
specific food types. Pediatric IBD patients generally exhibit mildly decreased 
height, but normal BMI scores, with prevalences of overweight and obesity 
equaling the general population. Therefore, consideration of dietary intake 
alongside adequate appraisal of anthropometrics is important to prevent 
nutritional deficiencies and support physical and mental health in children 
with IBD.
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ABSTRACT

Objectives: The incidence of feeding and eating problems and disorders 
(FEPD) in children increased during the COVID-19 pandemic. The aim of 
this study was to assess the impact of the COVID-19 pandemic on young 
children with FEPD and their parents.

Methods: Cross-sectional survey: parents of children with FEPD (0-11 years) 
in the Netherlands completed an online questionnaire (January-April 2021). 
This questionnaire included 4 demographic questions (including criteria 
of pediatric feeding disorder (PFD) and/or avoidant/restrictive food intake 
disorder (ARFID)) and 11 questions related to experienced impact of the 
COVID-19 pandemic. Parental responses regarding children with FEPD 
(including PFD and ARFID) were compared with those of healthy controls 
(HCs).

Results: In total, 240 children (median age 5.5 years; interquartile range 
[IQR] 3.5-7.9 years; 53.3% female) were included; 129 children with FEPD 
and 111 HC. Most children with FEPD fulfilled criteria for PFD (n = 119; 92.2%) 
and/or ARFID (n = 117; 90.7%). Parents of children with FEPD reported more 
stress (of their child [P = 0.014] and parental stress [P = 0.014], worse 
eating by the child (P < 0.001), more negative relations within the family 
(P = 0.006), and less support from the environment (P = 0.001) compared 
with parents of HC during the COVID-19 pandemic than before.

Conclusions: It seems that the COVID-19 pandemic had great impact on 
young children with FEPD and their parents because parents of children 
with FEPD reported significantly more perceived stress within both the 
child and parents, more difficult eating behavior of the child, more negative 
behavior between family members, and less support from the environment 
as compared with HC.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) outbreak is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1-4). Similar 
to other countries, the Dutch government implemented restrictions to 
prevent SARS-CoV-2 transmission, such as home-based working, closure 
of schools/daycares, home-based schooling, restraining sportive activities, 
and restrictions in visits and social contacts (5). As a result, the COVID-19 
pandemic and subsequent restrictions have impacted children and their 
families (6-8). In general, the COVID-19 pandemic negatively influenced 
parental mental health, psychosocial wellbeing, and socioeconomic 
situation (8-10). Many parents who kept their job switched to working from 
home, often while taking care of the children’s homeschooling at the same 
time (10). Concerns regarding domestic violence and child maltreatment 
have increased worldwide (10, 11).

For children, the COVID-19 pandemic resulted in reduced peer contact 
and daily structure, homeschooling, and high rates of internalizing (such 
as boredom, anxiety, depression, posttraumatic stress symptoms) and 
externalizing symptoms (such as clinging, inattention, irritability, anger 
and hyperactivity), which may all have developmental implications (5-13). 
On the other hand, COVID-19 restrictions might have led to opportunities 
for enhanced family cohesion, due to increased presence of parents at 
home (10).

In accordance, the incidence of feeding and eating problems and disorders 
seems to have increased during the COVID-19 pandemic (14). This study 
aimed to investigate feeding problem-related outcomes during the COVID-
19 pandemic on children (0-11 years) with feeding and eating problems and 
disorders and their parents in the Netherlands.

MATERIALS AND METHODS

Participants and procedure
In this cross-sectional survey, parents of children aged <12 years with 
feeding and eating problems and disorders in the Netherlands were eligible 
and were asked to complete a short (10 minutes) online questionnaire 
using Qualtrics Survey software between January 2021 and April 2021. 
Parents were recruited by the health care professionals and parents of the 
Multidisciplinary Advisory Board of the Dutch patient association “Nee-
eten” (www.nee-eten.nl) for parents of children with tube feeding and/
or chronic food refusal, using advertisements in their newsletter and on 
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several online platforms. The advertisement included a link to a website, 
describing the aims and procedures of the study, followed by an online 
informed consent and the questionnaire itself. Parents of children with 
feeding and eating problems and disorders were asked to recruit parents 
of healthy children of the same age, who were included as control group. 
Answers of parents of children with feeding and eating problems and 
disorders were compared with those of healthy controls. Parents of all 
included children gave informed consent.

Measures
The content of the questionnaire aiming to assess the impact of the COVID-
19 pandemic on children with feeding and eating problems and disorders 
was developed by the authors and discussed over several online meetings. 
Two parents of the target group gave feedback on the content and feasibility 
of the questionnaire. The questionnaire contained 15 questions: 4 questions 
inquiring sociodemographics (age, sex, medical diagnoses and criteria 
of pediatric feeding disorder (PFD) and avoidant/restrictive food intake 
disorder [ARFID] (see Definitions)), 4 questions regarding impact of the 
COVID-19 pandemic on the child (related stress, response to restrictions, 
feeding/eating behavior, treatment of the feeding and eating problems and 
disorders), 7 questions regarding influence on the family (parental stress, 
family relations, child raising, meal sessions, support from the environment, 
support from health care practitioners and accessibility health care). All but 
1 question on experiences during the Corona pandemic were asked using 
a 5-point scale, with 1 indicating the most negative consequences and 5 
indicating the most positive consequences. The question on treatment of 
feeding and eating problems and disorders had 6 answer options.

Definitions
Children with feeding and eating problems and disorders may fulfill criteria 
for both PFD and ARFID. We used the criteria for PFD suggested by Goday et 
al. (2019) (15) including “an impaired oral nutrient intake which is not age-
appropriate, and is associated with medical, nutritional, feeding skill, and/
or psychosocial dysfunction”. Furthermore, the definition of ARFID from the 
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) 
(16) (2013) was used. ARFID is defined as “an eating or feeding disturbance 
(e.g., apparent lack of interest in eating or food, avoidance based on the 
sensory characteristics of food, concern about aversive consequences of 
eating) as manifested by persistent failure to meet appropriate nutritional 
and/or energy needs associated with one (or more) of the following: 
significant weight loss (or failure to achieve expected weight gain or 
faltering growth in children), significant nutritional deficiency, dependence 

on enteral feeding or nutritional supplements, marked interference with 
psychosocial functioning” (16). One of the questions to be answered by the 
parents contained checkboxes with all these criteria. Due to overlapping 
criteria, patients could fulfill criteria for both PFD and ARFID.

Statistical Analysis
Data were retrieved from Qualtrics XM Platform and imported in SPSS 26 
(IBM SPSS Statistics 26), in which the data were managed and analyzed. 
Normality of continuous variables was tested by the Shapiro-Wilk test 
and eyeballing. Non-normally distributed data were described as median 
and interquartile range (IQR). Binary and ordinal data were described as 
frequencies and percentages.

Children with feeding and eating problems and disorders, PFD and ARFID 
were compared with healthy peers using the Mann-Whitney U test for non-
normally distributed data, the Fischere exact test for binary data, and the 
chi-square test for ordinal distributed data. Significance level was set at 
P = 0.05. Due to multiple testing results were interpreted explorative.

Medical Ethics
The Medical Ethics Committee of the Amsterdam UMC, Amsterdam, 
The Netherlands, confirmed that the Medical Research Involving Human 
Subjects Act did not apply to our study.

RESULTS

Patient Characteristics
In total, parents of 240 children participated and were included in the 
study. The median age of the children was 5.5 years (IQR, 3.5-7.9 years) 
and 53.3% was female. The population comprised 129 (53.8%) children 
with feeding and eating problems and disorders and 111 (46.3%) healthy 
controls. Age (P = 0.102) and sex (P = 0.243) did not differ significantly 
between the children with feeding and eating problems and disorders and 
healthy controls (Table 1). Many children with feeding and eating problems 
and disorders fulfilled the criteria for PFD (n = 119; 92.2%) and/or ARFID 
(n = 117; 90.7%). Most comorbidities were of psychiatric/psychological, 
gastrointestinal, and/or genetic origin.
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Table 1: Baseline characteristics

Children with feeding 
problems

Healthy controls p

Age, years (median) 5.1 (3.3-7.7) 5.8 years (IQR 3.7-8.5) 0.102
Sex, male (n(%) 65 (50.4) 47 (42.3) 0.243
PFD (n(%) 119 (92.2) n/a
ARFID (n(%) 117 (90.7) n/a
Diagnoses* (n(%) n/a
 Psychiatric/psychological 55 (42.6)
 Gastrointestinal 28 (21.7)
 Genetic/syndromes 13 (10.1)
 Pulmonary 6 (4.7)
 Ear, nose, throat 6 (4.7)
 Cardial 4 (3.1)
 Metabolic 4 (3.1)
 Other 13 (10.1)

Diagnoses from ≥1 category could be included
PFD = children with feeding problems fulfilling Goday’s criteria for Pediatric Feeding Disorder
ARFID = children with feeding problems fulfilling DSM-5 criteria for Avoidant/Restrictive Food Intake 
Disorder
P=p-value; Significance level was set at p 0.05
n/a = not applicable

Questionnaire
Results from the questionnaire related to the child and the parents are shown 
in Tables 2 and 3, respectively. Parents of children with feeding and eating 
problems and disorders reported increased stress in the child during the 
COVID-19 pandemic significantly more often than parents of healthy children 
(P = 0.014). Furthermore, they reported changed eating behavior by the child 
during the COVID-19 pandemic more often as compared with healthy controls 
(P < 0.001). In addition, overall eating behavior in children with feeding and 
eating problems and disorders during the COVID-19 pandemic deteriorated 
(questionnaire options “much more difficult” and “more difficult”), but 
improved eating behavior (options “better” and “much better”) more often as 
well, whereas parents of healthy children more often reported eating to be 
the same as before the pandemic (Table 2).

During the pandemic parents reported increased parental stress significantly 
more often compared with parents of healthy controls (P = 0.014). Furthermore, 
they reported more negative relationships between family members (P = 0.006) 
and less support from the environment (P = 0.001) during the COVID-19 
pandemic significantly more often as compared with healthy controls. In 

addition, meal sessions were more frequently reported to be more difficult 
(options “more difficult” and “much more difficult”) and less difficult (options 
“easier” and “much easier”) compared to healthy controls (P <0.001) (Table 3).

Within the group of children with feeding and eating problems and disorders, 
parent-reported answers on the questionnaire were not significantly different 
between males and females (stress of the child [P = 0.242], response to 
governmental restrictions [P = 0.959], eating behavior [P = 0.343], treatment/
therapies [P = 0.746], parental stress [P = 0. 142], behavior between family 
members [P = 0.481], child raising [P = 0.383], meal sessions [P = 0.975], 
support from environment [P = 0.404], support from health care practitioners 
[P = 0.739] and accessibility health care practitioners [P = 0.115]; results not 
shown).

Dividing the children with feeding and eating problems and disorders in young 
(0 < 4 years of age) and older (4 < 12 years of age), significant differences were 
found on the parent-reported answers regarding stress of the child (P = 0.002) 
and accessibility of health care practitioners (P < 0.001). Parents of children 
between 0 and 4 years reported the answer “same stress” more often than 
parents of children between 4 and 12 years (Fig. 1). Accessibility of health care 
practitioners was “worse” or “much worse” in 22 of 36 of children aged 0 < 4 
years (61%), and in 18 of 50 children between 4 < 12 years of age (36%).

Figure 1: Stress within the child

0 2 4 6 8 10 12 14 16 18

1
2
3
4
5
6
7
8
9

10
11
12

Children with f disorderseeding and ea g problems and Healthy controls

Age

(Much) less

Same

(Much) more

024681012141618
Incidence

Missing data due to incomplete surveys: children with feeding and eating problems and 
disorders (FEPD) n=29 and healthy controls (HC) n=6; Ages (years;months) were rounded 
off to integer values.

Parent-reported answers on the other questions were not significantly 
different (response to governmental restrictions [P = 0.319], eating behavior 
[P = 0.423], treatment/therapies [P = 0.085], parental stress [P = 0.507], 
behavior between family members [P = 0.733), child raising [P = 0.276], meal 
sessions [P = 0.847], support from environment [P = 0.724], support from 
health care practitioners [P =0.778]; results not shown).
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DISCUSSION

Parents of children with feeding and eating problems and disorders, 
including those with PFD and ARFID, reported significantly more perceived 
stress within child and parents, more difficult eating behavior of the child 
and more difficult meal sessions, more negative behavior between family 
members and less support from the environment during the COVID-19 
pandemic as compared with healthy controls.

To the best of our knowledge, this is the first study concerning the impact 
of the COVID-19 pandemic on young children with feeding and eating 
problems and disorders and their families. Children with preexisting chronic 
diseases, neurodevelopmental disorders (such as autism spectrum disorder 
or attention deficit disorder), mental disorders, disabilities, and otherwise 
special needs were disproportionally affected by the COVID-19 pandemic, 
with a higher incidence of behavioral and psychosocial problems, parental 
stress, and risk of child maltreatment (6, 9-11, 13, 17). Children with feeding 
and eating problems and disorders are vulnerable children (often with 
medical comorbidities requiring additional needs). Their parents more often 
reported increased stress during the COVID-19 pandemic. We hypothesize 
this might be explained by school/daycare closures, postponed/canceled 
feeding therapies and less support from the environment during the COVID-
19 pandemic. This is worrying because they already reported less support 
from the environment as compared with parents of healthy controls before 
the pandemic (18). Long-lasting restrictions such as social distancing might 
have played an additional role. In addition, due to home-based working and 
closure of daycare/schools, people in their environment might have been 
preoccupied with handling their own problems.

Parent-reported eating behavior of most children with feeding and eating 
problems and disorders and experience of family meal sessions changed; 
parents reported both deteriorations and improvements. We hypothesize 
that stress of the child and parents, postponed/canceled feeding therapies, 
and less support from the environment negatively impacted eating behavior 
and meal sessions. On the other hand, spending more time with the family 
(due to home-based working and daycare/school closure, less social 
activities, etcetera) might explain why eating behavior and meal sessions 
improved in other families.

In the general population, food intake and type of food might have changed 
during the COVID-19 pandemic. For example, a large study, including 584 
parents in the United States, found that parental worries regarding their 

child being overweight increased. Furthermore, parental feeding practices 
such as more controlling and pressuring feeding behaviors increased (19). 
These feeding practices are associated with feeding problems and disorders 
in children (20), and, therefore, might be an explanation for deterioration 
of eating behavior during the COVID-19 period.

As we expected, stress within the child seemed to be more impacted in 
older (4 < 12) children by the COVID-19 pandemic (increased and decreased 
as well), whereas “same stress” is more often reported by parents of 
younger (0 < 4) children. We hypothesize that this might be explained by 
less changes in their daily life in this younger age-group during the COVID-19 
pandemic. They were not affected by school closure, less often participate 
in activities outside of the family house and did not yet understand the 
worldwide consequences of the pandemic. Another study, however, showed 
that children aged 3-6 years showed psychological distress more often 
compared with older children (7).

In accordance with other population studies, many parents of children with 
feeding and eating problems and disorders in our study reported that the 
treatment of their child was organized differently, postponed, or canceled 
(10, 11, 17). Although effects remain uncertain, we hypothesize that this 
might have resulted in increased stress and deterioration of problems in 
some of the patients. Furthermore, feeding problems may last longer in 
case of postponed and canceled treatments. Both inpatient and outpatient 
settings for patients with feeding and eating disorders transitioned 
to telehealth and videoconferences in order to facilitate assessments, 
interdisciplinary meetings, family meetings, and individual therapeutic 
sessions. Some unexpected benefits were revealed such as better planning 
of meetings, the participation of remote persons (family members and 
supervisors) who otherwise might not have participated, and enhanced 
autonomy of the patients (21, 22). Unexpected benefits of telehealth were 
also found in children with feeding and eating disorders. Examples included 
observations of family mealtimes in the home environment in which the 
problems occur, improved participation of parents, access to health care 
from remote locations and better communication and coordination between 
health care professionals and children and their caregivers (14, 23). A study 
including young children with ARFID passing an intensive daycare treatment 
found similar results for inpatient and telehealth behavior-analytic services 
as follow-up (14). Equivalent results were found in a pre-COVID-19 study 
assessing success rates of net-coaching versus onsite treatment in order 
to wean tube dependent children and gaining oral feeds as well (24).
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Limitations
Some limitations have to be taken into account. One of the limitations 
was the use of an unvalidated questionnaire. Another limitation was that 
medical diagnoses and criteria for PFD (15) and ARFID (16) were reported 
by parents and might have been interpreted differently by health care 
practitioners. Validated questionnaires to assess PFD and ARFID did not 
yet exist. Furthermore, patients were recruited passively and parents of 
children with feeding problems recruited the healthy controls, which may 
have led to selection bias. Furthermore, due to the cross-sectional design 
of the study, reports on COVID-19 pandemic impact was on one time-point 
during the COVID-19 pandemic (instead of repeated measurements before 
and during the COVID-19 pandemic), which might have led to reporting bias. 
Due to incomplete surveys, some data for the various survey questions 
were missing.

Conclusion
This explorative study showed that parents of children with feeding and 
eating problems and disorders reported significantly more perceived stress 
within both the child and parents, more difficult eating behavior of the 
child, more negative behavior between family members, and less support 
from the environment as compared with healthy controls during the COVID-
19 pandemic, suggesting that the pandemic may have had great impact on 
them. Since the COVID 19 pandemic is still ongoing, it is important to take 
both the short- and long-term impact of the governmental restrictions 
and delayed or differently organized treatments on children with feeding 
and eating problems and disorders into consideration if new policies have 
to be made. In order to assess the impact, future studies should assess 
growth and development of these children on long term and compare these 
outcomes with data from medical charts before the pandemic.
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ABSTRACT

Objective: The aim of this study was to compare health related quality of 
life (HRQOL) in infants and children with avoidant restrictive food intake 
disorder (ARFID) to healthy and chronically ill controls.

Method: A cross-sectional study was conducted in children who meet 
ARFID criteria at our tertiary care pediatric feeding clinic (September 
2014 to July 2016). Before consultation, parents of patients (n = 100) were 
asked to complete questionnaires to determine HRQOL: the TNO-AZL 
Preschool Children Quality of Life (0-5 years), and ‘Pediatric Quality of Life 
Inventory’ (6-7 and 8-10 years). HRQOL of ARFID patients was compared to 
both healthy (0-5 years n = 241; 6-7 years n = 61; 8-10 years n = 192) and 
chronically ill (0-5 years n = 79; 6-7 years n = 11; 8-10 years n = 26) controls.

Results: The prevalence of ARFID was 64%. HRQOL of ARFID patients aged 
0-5 years (n = 37) was significantly lower on 6/12 scales (appetite, lungs, 
stomach, motor functioning, positive mood and liveliness) compared to 
healthy controls (P < .01), and on 4/12 scales (appetite, stomach, motor 
functioning, and liveliness) compared to chronically ill controls (P < .01). The 
ARFID patients scored significantly better on the problem behavior scale 
compared to healthy and chronically ill controls (P < .01). ARFID patients 
aged 6-7 (n = 9) had significantly lower scores in 3/6 scales (total score, 
psychosocial health, and school functioning) (P < .01), and aged 8-10 (n = 2) 
had a significantly lower school functioning scale (P < .01) compared to 
healthy controls.

Conclusion: HRQOL of children with ARFID is decreased on multiple scales. 
The effect on HRQOL should be incorporated in clinical practice, and clinical 
studies should add HRQOL as an outcome measure.

INTRODUCTION

The diagnosis “avoidant restrictive food intake disorder (ARFID)” was 
introduced in the Diagnostic and Statistical Manual of Mental Disorders fifth 
edition (DSM-5) in 2013. It extended and replaced the formerly used DSM-IV 
diagnosis “feeding disorder of infancy and early childhood” [1-3]. ARFID 
describes an “eating/feeding disturbance (e.g., lack of interest in eating/
food; avoidance based on the sensory characteristics of food; concern 
about aversive consequences of eating) as manifested by persistent failure 
to meet appropriate nutritional/energy needs associated with ≥1 of the 
following: significant weight loss/failure to achieve expected weight gain/
faltering growth in children, significant nutritional deficiency, dependence 
on enteral feeding/oral nutritional supplements, or a marked interference 
with psychosocial functioning” [2].

ARFID is a common clinical entity, with a point prevalence rate of 3.2% in a 
general pediatric population [4]. Earlier studies found ARFID patients to be 
younger, the proportion of males to be higher, and to be more commonly 
diagnosed with comorbid psychiatric and/or medical symptoms compared 
to other DSM-5 eating disorders [5]. However, ARFID is a heterogeneous 
clinical group including all age groups from young children to adults. In 
a study including ARFID patients aged 10-18 years, 30% were male, 55% 
had comorbid medical conditions and 58% anxiety disorders. This was 
significantly more common compared to children with other DSM-5 eating 
disorders [6]. While more is known about general feeding disorders in 
younger patients, relatively few studies have been published describing 
clinical features of ARFID in children younger than 10 years of age.

Feeding problems caused by ARFID can lead to poor nutrition, which can 
result in malnourishment, faltering in growth and nutritional deficiencies [7, 
8]. For this reason, dietary supplements or tube feeding can be administered 
[9]. ARFID may have an impact on the child’s life due to hospital visits, 
feeding tube replacements, feeding therapy, stress during mealtimes and 
related parent-child interaction problems. A method that is commonly used 
to assess the impact of a disorder on a child’s life is evaluating the health 
related quality of life (HRQOL) [10], which incorporates measures of physical 
symptoms, functional status, and disease impact on psychological and 
social functioning [10-13]. A study measuring HRQOL in adults with ARFID 
found lower mental HRQOL scores compared to the general population 
[14]. To the best of our knowledge, however, the HRQOL of children with 
ARFID, and in particular, in those who are tube-dependent, has not yet 
been studied. It is known, however, that tube feeding can result in loss of 
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appetite, food aversion, delayed transition to oral feeding, and impact the 
psychosocial functioning of the child and it’s family [15-19].

Therefore, the primary aim of our study is to compare the HRQOL of infants 
and children with ARFID to both healthy and chronically ill controls. The 
secondary aim is to compare the HRQOL of children with ARFID receiving 
tube feeding to those without tube feeding.

METHOD

Participants and procedure
A cross-sectional study was conducted at the Diagnostic Center for Feeding 
Problems in the Emma Children’s Hospital/Amsterdam UMC (tertiary 
care) in Amsterdam, the Netherlands, between September 12, 2014 and 
July 1, 2016. Patients aged 0-10 years were referred by pediatricians or 
general practitioners because of feeding difficulties, and evaluated by our 
multidisciplinary feeding team, consisting of a pediatric gastroenterologist, 
dietician, psychologist, and speech language pathologist.

Prior to the scheduled outpatient multidisciplinary consultation, a letter 
with information about the aims and procedure of the study was sent to 
the parents of the patients. Thereafter, the parents were called to check 
whether they received the letter and to give them the opportunity to ask 
questions. After parental consent, a user name and password, enabling 
to login on our web-based method (www.hetklikt.nu; [20]) were sent by 
e-mail, and the appropriate questionnaires (depending on child’s age) 
for assessing socio-demographics and HRQOL (see paragraphs “Socio-
demographics” and “HRQOL”) were automatically selected.

Patients fulfilling the DSM-5 criteria for ARFID were considered eligible 
for participation and were included in the analyses for the present 
study. Following the DSM-5 criteria, these children suffer from a feeding 
disturbance. This is evident from the failure to meet nutritional and/or 
energy needs, resulting in faltering growth, poor weight gain, weight loss, 
nutritional deficiencies, tube feeding or nutritional supplement dependence, 
and/or problems in psychosocial functioning. If the feeding disturbance is 
better explained by a medical condition, another mental disorder, anorexia 
or bulimia nervosa, body shape/weight related, lack of food, or cultural/
religious practices, children are excluded from the diagnosis. If, however, 
the feeding disturbance occurs in the context of another condition, and 
is more severe than general, the children may be diagnosed with ARFID 
[2]. Eligibility was checked retrospectively by a research physician, who 

also works as a medical doctor diagnosing and treating children with 
feeding disorders in our tertiary center. Extensive chart reports of the 
multidisciplinary team members were consulted, before analyzing the data 
(see paragraph “Medical and paramedical data”).

Eligible patients of whom the parents completed the questionnaires were 
defined as participants, and those of whom the parents did not, were 
defined as nonparticipants.

The Committee for Medical Ethics at the Academic Medical Center in 
Amsterdam, the Netherlands confirmed that the Medical Research Involving 
Human Subjects Act did not apply to our study.

Measures

Socio-demographics
Online baseline questionnaires were completed by the fathers or mothers 
of the participating patients to obtain information regarding both patients 
and parents. Incomplete socio-demographic data were completed during 
psychological consultation.

Medical and paramedical data
Medical and paramedical data of both the participants and nonparticipants 
were collected during the standardized consultations by our multidisciplinary 
team.

The pediatric gastroenterologist assessed medical data with respect to 
history (age, sex, gestational age, birth weight, age onset of the feeding 
problems), underlying diseases (or alarm symptoms for underlying diseases 
such as oral motor skill difficulties, dysphagia, odynophagia, vomiting, 
recurrent ear nose throat or airway disease, abnormal defecation, and 
neurological symptoms) and medication. At physical examination the 
pediatric gastroenterologist checked for the general condition and 
abnormalities, which could indicate underlying diseases. The speech 
language pathologist collected data concerning feeding skills and 
speech language development. The dietician obtained data according 
to type of feeding (orally or by tube) and nutritional intake including 
dietary supplements. The psychologist assessed social-emotional and 
psychosocial functioning, development, behavioral problems, traumatic 
experiences related to feeding, parental coping with feeding problems and 
the psychological history of parents.
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During consultation, weight and height were assessed by a digital scale 
and height chart. TNO growth-charts for height for age, weight for age and 
weight for height (The Netherlands, 2010) were available for measuring 
standard deviation scores. SD scores for height and weight were corrected 
when the gestational age was <37 weeks until a patients’ calendar age of 
24 months. Disease specific secondary reference curves for SD scores for 
height (for patients with Down syndrome, Noonan syndrome, and Silver-
Russell syndrome) and weight (Down syndrome) were used as appropriate.

Definitions
We classified medical diagnoses into categories used by the International 
Statistical Classification of Diseases and Related Health Problems 10th 
Revision (ICD-10 Version: 2016; [21]).

Prematurity was defined as gestational age < 37 weeks. Small for gestational 
age was defined as birth weight < p10.

We used following definitions for the DSM-5 criteria “Significant weight loss 
or failure to achieve expected weight gain or faltering growth” [2]: Acute 
malnourishment was defined as weight for age < -2 SD in children <1 year, 
and weight for height < -2 SD in children >1 year, or a faltering in growth 
>1 SD within 3 months on TNO growth charts. Chronic malnourishment 
was defined as height for age <-2 SD for all age groups. Growth delay was 
defined as deflection of >1 SD in 3 months in all age groups, a deflection 
of 0,5-1 SD per year in children aged <4 and of 0.25 SD/year in children 
aged ≥4 years [22].

Demographics of the participants were compared to the nonparticipants 
to check for sample representativeness.

HRQOL
The TNO-AZL Preschool Children Quality of Life (TAPQOL) and Pediatric 
Quality of Life Inventory (PedsQL) questionnaires were completed by 
parents of the patients to assess HRQOL. The TAPQOL and PedsQL scores 
were computed according to the manual, and subscales were constructed. 
Cronbach’s alpha was calculated to assess the internal consistency of 
the questionnaires. Cronbach’s alpha was considered low <0.50, moderate 
0.50-0.70, and good >0.70 [23, 24].

TAPQOL
We used the TAPQOL, a reliable and valid instrument for measuring 
parents’ perception of HRQOL in preschool children (aged 0-5 years) [25]. 

The TAPQOL is a generic, multidimensional HRQOL questionnaire based 
on 43 proxy reported questions. It assesses the child’s functioning in the 
past 4 weeks on 12 multi-item scales: Stomach (three items), skin (three 
items), lungs (three items), sleeping (four items), appetite (three items), 
motor functioning (four items), positive mood (three items), anxiety (three 
items), liveliness (three items), problem behavior (seven items), social 
functioning (three items), and communication (four items). Higher scores on 
these subscales indicate higher HRQOL. The subscales motor functioning, 
social functioning, and communication only apply for children older than 
18 months. Dutch norm data for healthy and chronically ill patients were 
used as control groups. These data were retrieved from a Dutch general 
population of children 1-5 years of age visiting six well-baby clinics, and 
were described previously (2000) [25].

Besides the lung subscale (0.510), Cronbach’s alpha in our sample was 
between 0.714–0.929, indicating a good internal consistency for the TAPQOL.

PedsQL
The PedsQL was used to assess the HRQOL for patients aged 6-7 years (by 
proxy version) and 8-10 years (self-report version). The PedsQL is a 23-item 
questionnaire covering four subscales of the child’s functioning in the past 
week: physical (eight items), emotional (five items), social (five items), and 
school functioning (five items). Higher scores on these subscales indicate 
higher HRQOL. The by proxy version is a parallel version of the self-report 
version. The person tense (first at the self-report and third at the by proxy 
version) and language (age appropriate) were different. Dutch norm data for 
healthy and chronically ill children from the general population, retrieved 
from urban and suburban elementary schools in Amsterdam, described 
previously (2009), were used as control groups [26].

Cronbach’s alpha for the PedsQL (6-7) in our population indicated a 
low internal consistency for the psychosocial health (0.434), and school 
functioning (0.331) subscales. The other subscales showed a good internal 
consistency (Cronbach’s alpha 0.737-0.866).

Statistical analysis
The Statistical Package for Social Science (IBM SPSS Statistics) version 23 
was used to manage and analyze the data. To determine the prevalence of 
ARFID in our population we generated a bootstrapped confidence interval 
(Bca CI95%) based on 1,000 samples. Normality was tested through the 
Shapiro-Wilk test in addition to eyeballing. Differences between participants 
and nonparticipants were analyzed using T-tests for normally distributed 
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variables (SD scores for height, weight and weight for height), Mann-Whitney U 
tests for not normally distributed variables (age, age of onset feeding disorder, 
gestational age, and birth weight), and Fischer Exact tests for binary variables 
(gender, underlying diseases, medication, and tube feeding). The HRQOL 
subscales of the children with ARFID were compared to both a healthy and a 
chronically ill Dutch norm population, and within the largest age group (0-5 
years), the HRQOL of children with ARFID receiving tube feeding was compared 
to those without tube feeding using Mann-Whitney U tests.

Effect sizes (r) were measured by using the following formula: r = Z / (√N), 
where Z is the Z-value and N is the total number of samples. The standard 
values for small, medium, and large effect sizes were 0.1, 0.3, and 0.5 
respectively [23]. Due to multiple testing we defined P < .01 as statistically 
significant.

RESULTS

A total of 100 patients were evaluated by our multidisciplinary team between 
September 12, 2014 and July 1, 2016. The prevalence of new patients fulfilling 
the ARFID criteria was 64% (95% Bs CI 54.1-73.3). The most important criteria 
for ARFID in these patients were the failure of meeting nutritional and/or energy 
needs, shown by tube feeding (62.5%) or supplement (10.9%) dependence, 
growth faltering/limited weight gain/weight loss (9.4%), nutritional deficiencies 
(3.1%), or problems in psychosocial functioning (14.1%). Seventy-five percent of 
these eligible patients participated in the study (see Figure 1).

Figure 1: Flowchart inclusion, participants, and nonparticipants

Socio-demographic and medical characteristics
The median age (corrected for prematurity) of the ARFID patients was 1.85 
years (IQR 1.19-4.61), and 64.1% were females. No significant differences 
for baseline patient’s characteristics were found between participants and 
nonparticipants (see Table 1).

Baseline characteristics of the parents of 48 participants and 16 nonparticipants 
are shown in Supporting Information Table S1.

HRQOL - TAPQOL
TAPQOL scores for HRQOL were available for 37 ARFID patients aged 0-5 
years (see Table 2). The age of patients included in this study did not differ 
significantly with the norm group (P = .046).

The HRQOL of patients with ARFID was significantly lower in six of 12 subscales 
(appetite, lungs, stomach, motor functioning, positive mood, and liveliness) 
compared to healthy controls (P < .01). The subscale problem behavior was 
significantly higher compared to the healthy controls (P < .01).

The HRQOL of patients with ARFID was significantly lower in four of 12 
subscales (appetite, stomach, motor functioning, and liveliness), and higher 
in the subscale problem behavior compared to children with other chronic 
health conditions (P < .01).

HRQOL - PedsQL
The HRQOL of patients aged 6-7 years with ARFID (n = 9) was significantly 
lower in three of six subscales (total score, psychosocial health, and school 
functioning) compared to healthy controls (P <.01). Comparing the ARFID 
patients to chronically ill children, no significant differences were found in 
any scale (see Table 3).

The HRQOL of patients with ARFID aged 8-10 was lower in the subscale 
school functioning compared to healthy controls (P <.01; see Table 3). 
Comparing ARFID patients to chronically ill children, no significant 
differences were found in any scale.

Due to small numbers for the PedsQL in both age groups (6-7 and 8-10 
years), and a low internal consistency in some of the subscales (see Method 
section), these results are explorative.
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HRQOL of ARFID patients with and without tube feeding
In total, 28 participating ARFID patients received tube feeding by 
nasogastric tube (n = 21), percutaneous endoscopic gastrostomy (n = 6), 
or button (n = 1). The tube feeding started at a median age of 1 (IQR 0-6) 
month. Twenty-seven of these patients were in the age group 0-5 years. 
The TAPQOL scores of these 27 patients were compared with patients in 
the same age group not receiving tube feeding (n = 10).

The HRQOL of ARFID patients receiving tube feeding did not differ 
significantly compared to ARFID patients without tube feeding (see 
Supporting Information Table S2).

DISCUSSION

The prevalence rate of ARFID in our tertiary care multidisciplinary center 
for pediatric feeding problems is 64%. This study shows that the HRQOL of 
young ARFID patients is decreased on multiple subscales. ARFID patients 
aged 0-5 years showed a significantly lower HRQOL on the subscales 
appetite, lungs, stomach, motor functioning, positive mood and liveliness 
compared to healthy controls, and on the subscales appetite, stomach, 
motor functioning, and liveliness compared to chronically ill patients. 
Parents of ARFID patients reported significantly less problem behavior 
compared to both healthy and chronically ill controls. The HRQOL of ARFID 
patients 0-5 years receiving tube feeding did not differ compared to those 
without tube feeding. ARFID patients aged 6-7 had significantly lower scores 
on the subscales total score, psychosocial health, and school functioning 
compared to healthy controls. ARFID patients aged 8-10 had a lower school 
functioning subscale compared to healthy controls.

The prevalence rate of ARFID in our Diagnostic Center for Feeding 
Problems is higher than described in other studies: 3.2% in a general 
pediatric population, 1.5% in a pediatric gastroenterology setting, 15% in 
an adolescent medicine setting, 13.8% in an adolescent medicine eating 
disorder program (patients 8-18 years), 22.5% in a day program for children 
and adolescents with eating disorders and comorbid psychopathology 
(patients 7-17 years), and 5% in another pediatric tertiary care hospital 
evaluating all patients with eating disorders (mean age 13.7 ± 2.5 years). All 
studies used the DSM-5 criteria to determine if patients had ARFID [4, 6, 27-
29]. There might be several explanations for the higher prevalence rate of 
ARFID in our study. The first reason is our specialized tertiary care setting 
for feeding problems in which patients with severe feeding problems from 
the whole country are seen as a second or third opinion. In addition, our 

hospital is known to perform the clinical hunger provocation program to 
wean children from tube feeding and initiate oral feeding. For this particular 
reason, tube-fed children are often referred to our hospital. Then, our 
patients are younger than those of earlier mentioned studies, and it is 
known that children with ARFID tend to be younger compared to other 
eating disorders [30]. Furthermore, the fact that our tertiary care center 
has a large NICU ward, and is an expert center for certain genetic diseases 
and syndromes contributed to our population consisting of medically fragile 
children with almost 90% of ARFID patients showing comorbidities. When 
comparing ARFID patients to other DSM-5 eating disorders or in various 
clinical settings, ARFID patients are found to be a heterogeneous group 
with varying ages and comorbidities. They are more often diagnosed with 
medical comorbidities/conditions, including but not limited to congenital 
malformations, very low birth weight, cerebral palsy, and diseases of 
the gastrointestinal tract that may be related or unrelated to the ARFID 
diagnosis. They can be tube dependent as well [5, 6, 27]. Additionally, the 
diversity within the ARFID population may be attributed to the chronic 
medical conditions and/or development delays associated with feeding 
issues [17, 31, 32]. As such, the DSM-5 criteria do not exclude patients with 
the aforementioned comorbidities from the ARFID diagnosis.

Tube feeding or symptoms of the medical condition may have triggered 
the food aversion and refusal in the beginning [19, 33]. Therefore, it can be 
difficult to distinguish between medical conditions and ARFID. However, 
the diagnosis ARFID can be made if the feeding disturbance is more severe, 
and therefore warrants additional attention, than which can be expected of 
the medical condition only, or when the feeding problem does not resolve 
after treating the medical disorder [2, 27, 29]. Considering the high rate of 
medical comorbidities in our population of children with ARFID, differences 
in HRQOL compared to healthy children may also originate from the medical 
comorbidity, and not just from the feeding problems alone. Therefore, 
the HRQOL of ARFID patients was compared to chronically ill controls in 
addition to healthy controls.

The largest age group of our sample consisted of ARFID patients aged 0-5 
years old. Their decreased HRQOL subscales appetite and stomach might 
be explicable both as cause and consequence of the feeding disorder. We 
believe the impaired HRQOL on the lung subscale, which had a moderate 
internal consistency, could be better explained by the high rate of 
respiratory conditions in our population and as a side effect of tube feeding, 
than by the feeding disorder itself. These children showed a decreased 
score for the motor functioning and liveliness subscales compared to both 
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healthy and chronically ill children. We hypothesize that this might be 
due to a lower activity index, associated with a lower energy intake and 
nutritional status, or due to restriction of movements in tube fed children 
and less exploration consequently. The severity of feeding problems in 
this tertiary care sample could have influenced HRQOL. Therefore, these 
results may not be generalized to the whole pediatric ARFID population. No 
differences were found on the subscales sleeping, skin, social functioning, 
communication and anxiety. Especially the latter is remarkable, considering 
longitudinal studies showing that children with early food refusal were at 
risk for anxiety disorders [34]. A possible explanation for this difference 
could be, that anxiety problems occur later in life. The ARFID patients 
scored better on the subscale problem behavior (measuring difficult and 
aggressive behavior of the child with following seven questionnaires roughly 
translated: “My child was … (1) bad tempered, (2) aggressive, (3) agitated, 
(4) angry, (5) impatient, (6) stubborn, (7) unmanageable”), both compared 
to healthy and chronically ill controls. In contrast to our results, another 
study revealed infants with feeding problems to show more signs of difficult 
temperament, heightened emotional reactivity, and aggressive behavior, 
still present at the age of 5 and 8 years, measured with the child behavior 
checklist (CBCL 1½-5 and 6-18) [34]. On the other hand, another study 
showed that children who refused to eat at an early age (3-12 months) 
had more eating problems at home and primary school at follow-up (9.6 ± 
0.3 years), but their general behavior, measured by the total Rutter score 
and the hyperactivity score calculated from the Rutters’s “Children’s 
behavior questionnaire for completion by teachers” and “Children’s behavior 
questionnaire for completion by parents”, was not different [35]. Since the 
literature is not consistent, problem behavior among children with ARFID 
needs to be further elucidated in future studies.

Explorative results showed that the children with ARFID aged 6-7 years had 
lower HRQOL on the total score and on the subscales, psychosocial health, 
and school functioning, compared to healthy controls, and ARFID patients 
aged 8-10 had lower HRQOL in the subscale school functioning compared to 
healthy controls. Prior to the definition ARFID, children with other feeding 
disorders were also described to have an impaired cognition, show more 
social and school difficulties, have emotional regulation problems, and 
show more anxiety and obsessive-compulsive symptoms [31, 32, 36, 37]. 
Our explorative results of impaired HRQOL in the older age categories of 
ARFID patients in addition to the known psychosocial problems in children 
with other feeding disorders, might indicate that HRQOL in older children 
could also be impaired, but larger groups are necessary to investigate and 
confirm this speculation.

In our study approximately 60% of the children were tube fed. In the 
previous DSM versions, however, these children would probably not 
have been recognized to have a ‘feeding disorder of infancy and early 
childhood’, because they often lack the criteria ‘failure to meet appropriate 
nutritional and/or energy needs’. Patients who do meet appropriate 
nutritional and/or energy needs, but whom rely on enteral feeding or 
oral nutritional supplements, may now fulfill the relatively new diagnosis 
ARFID in contrast to the former DSM-diagnosis ‘feeding disorder of infancy 
and early childhood’ [31]. Studies analyzing the HRQOL in children with 
feeding disorders other than ARFID receiving tube feeding have scarcely 
been performed. Davis (2016) measured the HRQOL in tube dependent 
children at baseline and after treatment to wean children off tube to oral 
feeding with the Infant Toddler Quality of Life. The HRQOL scores improved 
significantly on the subscales growth and development, behavior, general 
health perceptions, parental health: emotional, and parental health: time. 
They also report the HRQOL to be generally low compared to other studies, 
but it is unclear how this was measured exactly [38]. Dunitz-Scheer et 
al. (2009) also reported an impaired quality of life, but did not mention 
if and how the quality of life had been measured [39]. Since tube feeding 
can impact health and psychosocial functioning in children, we suspected 
that ARFID patients receiving tube feeding, would also have lower HRQOL 
subscales [15-19]. However, no significant differences were found in our 
study. This might be due to the small patient sample. Further studies 
assessing the health related quality of life in a larger sample size of tube 
fed children are necessary.

Strengths and limitations
This is the first study reporting HRQOL in children with ARFID. The high 
response rate of 75% is the result of several phone calls to remind the 
parents of the patients to complete the questionnaires, which led to 
obtaining a relatively large sample. Another strength of the study was 
the use of validated questionnaires of representative healthy Dutch norm 
groups [25, 26]. Considering so many children had medical comorbidities, 
we compared them with a Dutch reference group of chronically ill children 
as well.

Some limitations, however, have to be considered. Due to the cross-
sectional design of the study, causality cannot be determined. Questionnaire 
studies are always at risk for selection bias. This, however, was not objected 
and likely, as we found no significant differences between participants and 
nonparticipants. The by proxy questionnaires were also a limitation, since 
the parental perception of the HRQOL of their child might be influenced 
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by their own mental health and concerns [40]. As the diagnosis ARFID was 
not used in our clinical setting at the start of the study, the diagnosis was 
made retrospectively by the research physician. As the reference group of 
chronically ill children was gathered from a general population, it could 
be possible that comorbidity of our patients was more severe, which also 
may have contributed to the lower HRQOL scores of ARFID patients. The 
small sample size for the PedsQL in both age groups (6-7 and 8-10 years), 
and a low internal consistency in some of the subscales were limitations 
of the study.

CONCLUSION

HRQOL of children with ARFID is lower compared to both healthy and 
chronically ill controls. The subgroup of ARFID patients receiving tube 
feeding did not differ significantly from those not receiving tube feeding. 
We recommend to add HRQOL as an outcome measure in clinical studies. 
Assessing the HRQOL of children with ARFID in daily practice can detect 
problems on the affected subscales, and personalized care from appropriate 
disciplines can focus on these problems to improve the HRQOL. Especially 
the psychologist may play a key role in evaluating and treating psychosocial 
problems and the HRQOL. Further studies, however, should determine if 
this will lead to an improvement of HRQOL by measuring the HRQOL in a 
standardized way before and after treatment. The HRQOL of children with 
tube feeding should be measured in a larger sample size. Furthermore, the 
parental HRQOL of children with ARFID compared to healthy and chronically 
ill children should be measured. Future studies should also assess the 
behavior and psychopathology of children with ARFID and their parents in 
order to target treatment, and improve care.
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ABSTRACT

Objectives: Health-related quality of life (HRQOL) of children with avoidant 
restrictive food intake disorder (ARFID) is impaired.

Aim: To measure HRQOL and distress of parents of children with ARFID.

Methods: Cross-sectional cohort study. Parents of children with ARFID, 
visiting our multidisciplinary feeding team, completed questionnaires on 
the online Quality of Life in Clinical Practice portal; the Questionnaire for 
Adult’s Health Related Quality of Life to assess parental HRQOL and the 
Distress Thermometer for Parents. Reference groups of parents of healthy 
(HC) and chronically ill children (CIC) were used.

Results: Eighty-five mothers and 62 fathers of 89 children with ARFID 
(58% female, median age 1.9 years) were included (response rate 68%). 
No differences were found regarding HRQOL in 11 of 12 domains between 
parents of children with ARFID and HC. Mothers of children with ARFID 
reported significantly higher HRQOL regarding pain and fathers a significantly 
lower HRQOL on depressive emotions compared to HC. No differences were 
found in overall and clinical distress scores between parents of children 
with ARFID and HC/CIC. Mothers of children with ARFID had significantly 
higher distress scores regarding cognitive problems compared to HC and 
parenting problems in children <2 years compared to HC/CIC. Significantly 
higher distress scores on parenting problems in children <2 years were 
found in fathers of children with ARFID compared to HC/CIC.

Conclusion: Most HRQOL and distress scores of parents of children with 
ARFID were comparable to reference groups. Since parents of children with 
ARFID perceive a lack of understanding and support from the environment, 
professionals should suggest peer support through patient’s organizations. 
Furthermore, it is important to offer professional support since parents 
indicated that they would like to talk to a professional about their situation.

INTRODUCTION

‘Avoidant restrictive food intake disorder (ARFID)’ is a feeding disorder, 
characterized by an inadequate intake of energy or nutrients as described 
in the Diagnostic and Statistical Manual of Mental Disorders fifth edition 
(DSM-5) (1). In children, ARFID can be assessed by an inadequate growth 
or even weight loss, nutritional deficiencies, dependency of tube feeding 
or nutritional supplements and/or disturbed psychosocial functioning. It 
may originate from fear of the aversive consequences of feeding (such 
as vomiting), a lack of interest in food and/or problems with the sensory 
characteristics of food (1). Medical/mental comorbidities may exist, but 
the severity of the feeding/eating problems should exceed the severity 
normally expected with these comorbidities to obtain the diagnosis ARFID 
(1). The prevalence rate of pediatric ARFID varies with lower prevalence 
rates in general populations and higher prevalence rates in more specialized 
feeding/eating settings (2-64%) (2-7). ARFID patients are frequently 
diagnosed with comorbid psychiatric and/or medical disorders (8). In our 
previous study, 90% of infants and children with ARFID had one or more 
underlying disorders and their health-related quality of life (HRQOL) was 
decreased on several subscales compared to both healthy and chronically 
ill controls (7). In general, chronic pediatric conditions affect both the 
pediatric patient and their parents/caregivers. Additional parental care for 
children with extra needs may disturb the social activities and employment 
status of the parents. Several parental psychosocial consequences such 
as anxiety, burnout and mood problems can occur consequently (9-13). 
Although feeding problems may have consequences for all caregivers and 
all caregiver interactions may impact growth and development of the child, 
fathers are mostly disregarded in the literature (14). The aim of our study 
was to assess HRQOL and distress of mothers and fathers of children with 
ARFID, which have not been studied before. We hypothesized that mothers 
and fathers of children with ARFID have a lower HRQOL and more distress 
compared to parents of healthy children.

METHODS

Participants and Procedure
In this cross-sectional cohort study conducted in our Diagnostic Center for 
Feeding Problems in the Amsterdam UMC, the Netherlands, every patient 
with feeding problems (0-10 years) is evaluated by a multidisciplinary team 
including a pediatrician/pediatric gastroenterologist, psychologist, dietician 
and speech language pathologist. Parents were contacted by a letter and a 
telephone call before consultation, and were asked to register for the online 
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Quality of Life in Clinical Practice (Dutch: Kwaliteit van Leven in Kaart; 
English: Quality of Life in Clinical Practice) portal (www.hetklikt.nu) (15). As 
part of standard care, sociodemographics and distress of the parents were 
assessed online and an additional questionnaire regarding HRQOL was used. 
All parents of children with the first consultation between September 12, 
2014 and May 10, 2019, fulfilling ARFID criteria according to DSM-5 were 
eligible to participate (1).

The Committee for Medical Ethics at the Amsterdam UMC in Amsterdam, 
the Netherlands, confirmed that the Medical Research Involving Human 
Subjects Act did not apply to our study.

Measures

Patient Characteristics and Sociodemographics
Patient characteristics including age, sex, height, weight, tube feeding and 
underlying diseases were obtained prospectively through standardized 
consultation. Height for age (SDS) and weight for height (SDS) were 
measured by TNO growth charts (16). If appropriate, SDS were retrieved 
from disease-specific growth charts for height and weight (16). The medical 
history was categorized by the International Statistical Classification of 
Diseases and Related Health Problems 11th Revision (ICD-11, version 4/2019) 
classification system. The research physician checked whether the children 
fulfilled the criteria for ARFID according to the DSM-5 retrospectively (1). 
Parents reported parental sociodemographics including age, sex, country 
of birth, marital status, educational level, and employment status.

Definitions being used for prematurity, small for gestational age, 
acute malnourishment and chronic malnourishment are shown in the 
Supplemental Digital Content, http://links.lww.com/MPG/C330.

Parental Health-Related Quality of Life
To assess parental HRQOL, we used the Questionnaire for Adult’s Health 
Related Quality of Life (TAAQOL), which is a well-validated, reliable 
questionnaire, measuring the health status problems weighted by the 
impact of problems on well-being on 12 domains: gross motor functioning, 
fine motor functioning, cognitive functioning, sleep, pain, social functioning, 
daily activities, sexuality, vitality, positive emotions, depressive emotions, 
and aggressiveness (17). Most domains consist of two parts: determining 
the prevalence of a health problem or limitation in the past month, and 
assessing the emotional response to this health problem/limitation. 
Answers were scored on 4-point scales. A single score is attributed to 

each combination of a domain determining the prevalence of a health 
problem or limitation and the corresponding emotional response. The 
scores range from 0 to 100, in which higher scores indicate a better HRQOL 
(17). Insufficient Dutch language proficiency was an exclusion criterion. The 
reference group of mothers and fathers of healthy children recruited from 
one high school and two elementary schools, located in the same area as 
our hospital described by Hatzmann was used (12). We selected parents of 
the same age as our population.

The internal consistency for the TAAQOL scores in our cohort of mothers 
and fathers assessing Cronbach’s alpha values are reported as supplemental 
digital content, http://links.lww.com/MPG/C330. Domains with unacceptable 
Cronbach’s alpha values in mothers (gross motor functioning: 0.477) and 
fathers (fine motor functioning: -0.23), indicating the items do not measure 
the same construct, are not shown (18, 19).

Parental distress
The Distress Thermometer for Parents (DT-P; Dutch: Last Thermometer 
voor Ouders (LTO)), a well-validated self-report brief questionnaire was 
used to identify distress and everyday problems among parents of children 
visiting our Diagnostic Center for Feeding Problems (20). It consists of an 
overall distress score, which ranges from 0 (no distress) to 10 (extreme 
distress). Higher scores indicate higher levels of parental distress, and a 
score≥ 4 indicates clinically important distress. Furthermore, it consists of 
a problem list involving six problem domains: practical, social, emotional, 
physical, cognitive, and parenting, addressing distress sources in the 
past week, which can be answered by “yes” or “no”. The score of domain 
parenting and included items were different for parents of children <2 
years and children ≥2 years, because different parenting problems exist in 
different age groups (20). Additionally, five other questions are being asked, 
including perceived environmental support, lack of understanding from the 
environment, chronic illnesses of the parents, how parents go along with 
medical staff, and if the parent would like to discuss his/her situation with 
a professional (20). The questionnaire was available in Dutch and English.

DT-P scores of mothers and fathers of ARFID patients were compared to 
mothers and fathers of both a healthy as well as a chronically ill population 
(0-18 years) from the Dutch general population described by van Oers (21). 
We selected parents with children of the same age as our population.

Domains with unacceptable Cronbach’s alpha values in mothers (parenting 
problems ≥2 years of age: 0.415 and social problems: 0.448) and fathers 
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(parenting problems ≥2 years of age: 0.000 and social problems: 0.432) are 
not shown (18, 19).

Statistical analyses
The Statistical Package for Social Science (IBM SPSS Statistics) version 
25 was used. Normality of the distribution of data was checked by QQ-
plots, box plots, histograms, Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Differences between groups were analyzed using Fischer Exact tests for 
categorical variables and Mann-Whitney U tests for not normally distributed 
variables. Domains with unacceptable Cronbach’s alpha valuables were 
excluded from the analyses. Due to multiple testing, we set the level of 
significance at P < 0.01. The formula r = Z/(√N) was used to calculate effect 
sizes (r) for not normally distributed parameters, in which Z is the Z-value 
and N is the total number of samples. Effect sizes were considered to be 
small, medium and large by standard values 0.1, 0.3 and 0.5 respectively 
(19).

RESULTS

Sociodemographic and medical parameters
In total, 183 new pediatric patients were seen at our outpatient clinic 
because of feeding problems between September 12, 2014 and May 10, 
2019. The response rate was 67.8% (n = 124/183). Age (P = 0.723) and sex 
(P = 0.875) of the children did not differ significantly between participants 
and non-participants. In total, 71.8% (n = 89/124) of the participating 
patients fulfilled the DSM-5 criteria for ARIFD and were included in 
the present study. In total, 85 mothers and 62 fathers were included. 
Eighty-three mothers completed the TAAQOL and 71 the DT-P. Sixty-one 
fathers completed the TAAQOL and 39 the DT-P. Sociodemographics and 
characteristics of included ARFID patients and parents are shown in Table 
1. Fifty-seven percent of ARFID patients (58.4% female, median age 1.9 
years) required tube feeding and 91% had underlying diseases such as 
diseases of the digestive system (53.9%), respiratory system (48.3%) and 
prematurity (33.7%).

Parental health-related quality of life
The HRQOL of mothers and fathers of ARFID patients compared to healthy 
controls is shown in Table 2. Age of parents did not differ between these 
groups (P = 0.468). Most of the HRQOL domains did not differ significantly. 
Only mothers of children with ARFID had significantly higher HRQOL 
regarding pain compared to mothers of healthy children (P < 0.001). Fathers 

of children with ARFID had a significantly lower HRQOL regarding depressive 
emotions (P = 0.005).

Table 1: Sociodemographics and characteristics of ARFID patients (n = 89) and parents

ARFID patients Median (IQR)

History

Age, corrected* (y) 1.9 (1.3-4.3)

Mean (SD)

Physical examination

Height (SD)1 -0.9 (1.1)

Weight for height (SD)1 -0.9 (1.2)

n (%)

Sex (female) 52 (58.4)

History

Tube feeding 51 (57.3)

Underlying diseases 81 (91.0)

Diseases of the digestive system 48 (53.9)

Diseases of the respiratory system† 43 (48.3)

Prematurity3* 29 (33.7)

Diseases of the ear (ear, nose, throat)† 21 (23.6)

Small for gestational age8 19 (23.5)

Diseases of the circulatory system 13 (14.6)

Congenital malformations, deformations 
and chromosomal abnormalities

13 (14.6)

Mental and behavioral disorders 10 (11.2)

Diseases of the nervous system 10 (11.2)

Diseases of the skin and subcutaneous 
tissue

9 (10.1)

 Other diseases 37 (41.6)
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Table 1: (Continued)

ARFID patients Median (IQR)

Parents of ARFID patients Mothers
(n=855)

Fathers
(n=622)

Median (IQR) Median (IQR)

Age 34.1 (30.7-39.1) 37.1 (33.9-39.8)

n (%) n (%)

Country of birth, the Netherlands 73 (91.3) 56 (93.3)

Married/living together 79 (98.8) 60 (100)

Education
Low‡

6 (7.5) 1 (1.7)

Middle§ 32 (40.0) 26 (43.3)

High¶ 42 (52.6) 33 (55.0)

Employment status 58 (72.5) 55 (91.7)

n: n missing data. ARFID = avoidant restrictive food intake disorder; IQR = interquartile range; 
SD = standard deviation.
*In case of prematurity (gestational age was <37 wk), age was corrected up to the corrected age 
of 24 mo.
†Diseases of tonsils and adenoids were included in the category “diseases of the ear” instead of the 
category “diseases of respiratory system”.
‡Primary education, lower vocational education, lower or middle general secondary education.
§Middle vocational education, higher secondary education, pre-university education.
¶Higher vocational education.

Table 2: HRQOL (measured by the TAAQOL) of mothers and fathers of children with 
ARFID compared to mothers and fathers of healthy children

Mothers of ARFID patients Mothers of healthy children

HRQOL n Median (IQR) n Median (IQR) P r

Daily activities 83 100 (75-100) 66 100 (79.7-100) 0.713 -0.04

Aggressive 
emotions

83 88.9 (77.8-100) 65 88.9 (77.8-100) 0.232 -0.13

Cognitive 
functioning

83 93.8 (62.5-100) 67 87.5 (62.5-100) 0.422 -0.09

Fine motor 
functioning

83 100 (100-100) 67 100 (100-100) 0.036 -0.22

Gross motor 
functioning*

83 67 100 (68.8-100)

Pain 83 87.5 (75-100) 67 75 (62.5-87.5) <0.001 -0.41

Positive 
emotions

83 66.7 (50-83.3) 67 66.7 (66.7-83.3) 0.398 -0.09

Sexuality 83 100 (62.5-100) 60 100 (75-100) 0.866 -0.02

Sleep 83 75 (50-100) 67 81.3 (56.3-93.8) 0.376 -0.10

Social 
functioning

83 100 (75-100) 66 87.5 (75-100) 0.516 -0.07

Depressive 
emotions

83 75 (50-91.7) 67 83.3 (75-91.7) 0.020 -0.25

Vitality 83 58.3 (33.3-75) 67 66.7 (50-83.3) 0.038 -0.23
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Table 2: HRQOL (measured by the TAAQOL) of mothers and fathers of children with ARFID 
compared to mothers and fathers of healthy children (continued)

Fathers of ARFID patients Fathers of healthy children

HRQOL n Median (IQR) n Median (IQR) P r

Daily activities 61 100 (75-100) 17 93.8 (87.5-100) 0.610 -0.06

Aggressive 
emotions

61 100 (88.9-100) 17 100 (88.9-100) 0.514 -0.08

Cognitive 
functioning

61 100 (81.3-100) 17 100 (89.1-100) 0.261 -0.15

Fine motor 
functioning*

61 17 100 (100-100)

Gross motor 
functioning

61 100 (100-100) 17 100 (100-100) 0.689 -0.05

Pain 61 87.5 (75-100) 17 81.3 (65.6-100) 0.378 -0.11

Positive 
emotions

61 66.7 (66.7-83.3) 17 66.7 (66.7-79.2) 0.731 -0.05

Sexuality 61 100 (75-100) 17 100 (25-100) 0.579 -0.07

Sleep 61 81.3 (53.1-100) 17 81.3 (62.5-100) 0.367 -0.12

Social 
functioning

61 87.5 (75-100) 17 81.3 (75-100) 0.963 -0.01

Depressive 
emotions

61 83.3 (66.7-91.7) 17 91.7 (83.3-100) 0.005 -0.36

Vitality 61 66.7 (50-83.3) 17 75 (62.5-83.3) 0.192 -0.17

*Since Cronbach’s alpha value in this domain was unacceptable, the domain score is not shown.
Higher scores indicate a higher HRQOL. P-values were measured by Mann-Whitney U tests. 
Significance level was set at P < 0.01. ARFID = avoidant restrictive food intake disorder; 
HRQOL = health-related quality of life; IQR = interquartile range; TAAQOL = TAAQOL Questionnaire 
for Adult’s HRQOL.

Parental distress
Tables 3 and 4 show distress of mothers and fathers of ARFID patients 
respectively compared to healthy and chronically ill controls. Age (P = 0.972) 
and sex (P = 0.041) of children with ARFID did not differ from the selected 
controls (≤6 years), neither did the age of the parents (P = 0.352).

Overall distress score
The median overall distress scores and clinical distress scores of mothers 
(Table 3) and fathers (Table 4) of ARFID patients did not differ significantly 
to those of healthy and chronically ill controls.

Problem domain scores
Mothers of ARFID patients had significantly higher scores regarding the 
domains parenting problems in children <2 years of age (P < 0.001) and 
cognitive problems (P = 0.003) compared to mothers of healthy controls. 
Compared to mothers of chronically ill controls, mothers of ARFID patients 
had a significantly higher score on the domain parenting problems in 
children <2 years of age (P = 0.001).

Fathers of ARFID patients had a significantly higher score regarding the 
domain parenting problems in children <2 years of age compared to both 
fathers of healthy (P < 0.001) and chronically ill children (P = 0.001).

Everyday problem scores
Mothers of children with ARFID more often reported problems with memory 
(P = 0.004), feeding the child <2 years of age (P = 0.000), development of 
the child <2 years of age (P = 0.002) and following advice about treatment/
medication for the child <2 years of age (P = 0.001) compared to mothers 
of healthy controls. Less often did they show problems with finance/
insurances (P = 0.005). Compared to mothers of chronically ill patients, 
mothers of ARFID patients experienced problems in feeding the child 
(P = 0.000) more often. Less often they did have problems in dealing with 
(ex)partner (P = 0.007).

Fathers of ARFID patients reported problems with feeding the child <2 years 
of age (P = 0.000), development of the child <2 years of age (P = 0.003) 
more often compared to fathers of healthy controls. Compared to fathers 
of chronically ill patients, fathers of ARFID patients reported problems with 
feeding the child <2 years of age (P = 0.000) more often.

Additional questions
Both mothers and fathers reported a lack of understanding from their 
environment (P < 0.001 and P = 0.003, respectively) and wanted to talk to 
a professional about their situation (P < 0.001 and P < 0.001, respectively) 
more often compared to mothers and fathers of healthy controls. 
Mothers of ARFID patients less often experienced enough support from 
the environment (P < 0.001) compared to mothers of healthy controls. 
Compared to mothers of chronically ill children, less often did they have a 
chronic disease their selves (P = 0.003).
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DISCUSSION

This study found no differences between parents of children with ARFID and 
healthy controls regarding parental HRQOL on 11 of 12 domains; however, mothers 
of children with ARFID reported a significantly higher HRQOL regarding pain and 
fathers of children with ARFID reported a significantly lower HRQOL regarding 
depressive emotions. No differences were found in total and clinical distress 
scores, but several domain scores and everyday problems differed significantly 
between parents of children with ARFID and healthy/chronically ill children. 
Furthermore, parents of children with ARFID reported that people react with a 
lack of understanding and that they would like to talk to a professional about 
their situation more often compared to parents of healthy children.

Health-Related Quality of Life
We expected a lower HRQOL in parents of children with ARFID on more domains. 
Due to the specific adjustments demanded for successful feeding or the 
requirement of tube feeding, it may be difficult to leave feeding moments to 
others and parents may feel homebound consequently (22). Pediatric feeding 
disorders have been associated with parental psychosocial problems before (23, 
24). Many studies found associations between maternal depressive symptoms 
and pediatric feeding disorders (23, 25-28). Maternal depressive symptoms are 
associated with nonresponsive and controlling feeding styles (such as persuading 
the child to eat by promising incentives, verbal pressure or physical forcing) 
(24, 29, 30), which can lead to negative associations, avoidance and severe 
pediatric feeding problems (31-33). Surprisingly, we only found a trend towards 
lower HRQOL on depressive emotions in mothers of children with ARFID. HRQOL 
regarding depressive emotions of fathers of children with ARFID was lower 
compared to fathers of healthy children. Other studies also found that paternal 
depressive symptoms are associated with feeding problems in children (34, 35). 
We hypothesize this could be due to the same mechanism described in mothers.

Distress
Surprisingly, total and clinical distress scores in parents of children with ARFID 
did not differ between those of healthy and chronically ill children. In a recently 
published large study including children with pediatric feeding disorders ages 
2.9 years, parental stress was assessed by the self-report Parent Stress Index-
Short Form. The total parental stress scale in parents of children with feeding 
disorders was significantly higher (36). Mothers of children with ARFID reported 
problems with finance/insurances less often compared to mothers of healthy 
children. Since financial problems are associated with parental emotional distress, 
this could be an explanation why no differences were found in total and clinical 
distress scores (37).
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We found higher distress scores in the cognitive domain and the contributing everyday 
problem with memory in mothers of children with ARFID. Chronic stress is known to 
be related to problems with memory (38). Maternal memory problems may be part of 
maternal psychological/psychiatric disorders such as attention deficit disorder and 
posttraumatic stress disorder, which are known risk factors for pediatric feeding 
disorders (39, 40).

Distress scores of parents of ARFID patients in the domain parenting <2 years 
were higher compared to parents of healthy and chronically ill patients. Everyday 
problems “feeding your child”, “development of your child” and “following advice about 
treatment/medication” from this domain were more common in parents of ARFID 
patients compared to healthy/chronically ill patients. Explanations for problems with 
the development of the child are that feeding problems can lead to malnutrition and 
micronutrient deficiency, which can lead to impaired cognitive development in children 
and that children with developmental delays are at risk for feeding disorders (41, 42).

Strikingly, parents of ARFID patients reported a lack of understanding and experienced 
less support from other people compared to parents of healthy children. This 
corresponds with our experience from clinical practice that they feel misunderstood 
and receive unhelpful advices from others, which can feel as an attack on their quality 
as a caregiver.

In general, we expected a lower HRQOL and more distress in parents of children with 
ARFID. It could be that their HRQOL is not so much affected and that they do not 
experience distress besides the feeding moments. In our experience, parents often 
visit our Center with medical concerns. Therefore, they might as well underreport 
parental distress factors to avoid thrifting away the focus from the medical concerns. 
Furthermore, the questionnaires might not be sensitive enough in detecting all relevant 
psychosocial problems in parents of children with ARFID.

Pediatric feeding comprises a complex interaction of a myriad of factors, including 
biological, sensorimotor skills, psychosocial, sociocultural, family and environmental 
factors (43-45). Some authors even suggest to approach feeding disorders as a 
multidimensional relational disorder (46, 47). Although caregivers play such an 
important role, paternal context has been mostly disregarded (22). To our knowledge, 
this is the first study to assess HRQOL and distress in both parents of children with 
ARFID systematically. Although we explicitly invited all parents to participate, more 
mothers completed questionnaires, which might imply that mothers are still more 
involved in the primary care for children (36).

Limitations
The main limitation of our study is that age and sex of the healthy children 
of the HRQOL norm group were unavailable. Furthermore, chronic disease in 
the distress norm group was parent-reported and might have been interpreted 
differently by a clinician. Parents completed the DT-P non-anonymously (enabling 
to discuss results during psychological consultation), whereas the normative 
group completed the questionnaires anonymously. Due to the small sample 
size, the study might have been underpowered to detect associations with small 
effect sizes. Selection bias may have occurred if completing the questionnaires 
took too much effort for the more distressed parents with lower HRQOL, leading 
to underrepresentation of distress and overestimation of HRQOL in the results.

Future studies
It is important to note that correlation does not imply causation. Pediatric 
feeding problems may impact the psychosocial status of the parents, but 
psychosocial status of the parents might as well influence pediatric feeding. 
Future prospective studies, therefore, should focus on the causal relationship 
between parental distress/HRQOL and ARFID and should include fathers as well. 
Further assessment regarding questionnaires detecting relevant psychosocial 
problems in parents of children with ARFID could be done. Additionally, the 
relationship between parental psychopathology and ARFID would be interesting 
to investigate. Furthermore, a core outcome set for ARFID developed by clinicians 
as well as (parents of) patients resulting in a standardized set of relevant 
outcomes and measures that should be used in clinical studies, would allow to 
compare results of different studies.

CONCLUSION

The HRQOL and distress of parents of children with ARFID were comparable to 
reference groups. Since parents of children with ARFID, however, perceive a lack 
of understanding and support from the environment professionals can assess 
interest in peer support and refer parents to national patient’s organizations. 
Furthermore, it is important to offer professional support, since parents indicated 
that they would like to talk to a professional about their situation. Screening 
for parental psychosocial problems could be beneficial to detect problems in 
specific domains, such as depressive emotions, cognitive problems and parenting 
problems.
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Supplemental digital content

Parental HRQOL
In mothers the Cronbach’s alpha values were unacceptable (gross motor 
functioning 0.477), acceptable (fine motor functioning 0.531, pain 0.595) 
and good (aggressiveness 0.718, sleep 0.785, depressive emotions 0.820, 
sexuality 0.855, daily activities 0.864, social functioning 0.865, vitality 
0.879, positive emotions 0.898 and cognitive functioning 0.908).

In fathers, Cronbach’s alpha values were unacceptable (fine motor 
functioning -0.23), acceptable (pain 0.537, sexuality 0.599) and good 
(aggressiveness 0.721, gross motor functioning 0.807, vitality 0.817, 
depressive emotions 0.825, positive emotions 0.852, sleep 0.880, social 
functioning 0.882, cognitive functioning 0.892 and daily activities 0.892.

Parental distress
The internal consistency in our cohort of mothers was assessed by 
Cronbach’s alpha values, which were unacceptable (parenting problems ≥2 
years of age 0.415, social problems 0.448), acceptable (practical problems 
0.607, physical problems 0.653) or good (parenting problems <2 years of 
age 0.711, emotional problems 0.790, cognitive problems 0.817).

In fathers, the Cronbach’s alpha values were unacceptable (parenting 
problems ≥2 years of age 0.000, social problems 0.432) or good (parenting 
problems <2 years of age 0.711, practical problems 0.715, emotional 
problems 0.864, physical problems 0.723, cognitive problems 0.877).

Definitions
Patients were defined as participants if at least one of the parents 
completed either the TAAQOL or the DT-P. Children were defined to be 
born premature if their gestational age was <37 weeks. According to The 
Netherlands Perinatal Registry, small for gestational age as was defined 
as born with a birth weight <p10 (48). Age, weight, height and development 
were corrected up to the corrected age of 24 months. According to Dutch 
pediatric guidelines, acute malnourishment was defined as weight for age 
<-2 SDS in children <1 year, and weight for height <-2 SDS in children >1 
year, or a faltering in growth >1 SDS within 3 months on TNO growth charts 
(49). Chronic malnourishment was defined as height for age <-2 SD for all 
age groups (49). Inadequate growth was defined as deflection of >1 SD in 3 
months in all age groups, a deflection of 0,5-1 SD per year in children aged 
<4 and of 0,25 SD/year in children aged ≥4 years (49).
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ABSTRACT

Background & aims: Tube feeding ensures growth, but can have negative 
effects on health and psychosocial functioning, resulting in health related 
costs. The aims of this study were to determine the prevalence of 
pediatric home tube feeding in the Netherlands and to assess the clinical 
characteristics of tube fed children and side effects of tube feeding.

Methods: The prevalence of pediatric home tube feeding was calculated 
using data (2010-2014) of both the Medicines and Devices Information 
Project of the National Health Care Institute, and Statistics Netherlands. 
Subsequently, a cross-sectional parental online questionnaire was used to 
obtain data regarding clinical characteristics of tube fed children and side 
effects of tube feeding. Children aged ≤17 years receiving tube feeding ≥2 
weeks were included.

Results: The prevalence of pediatric home tube feeding was 83-
92:100,000 children/year. Parents of 279 children (53% boys) completed 
the questionnaire. Most children (88%) had ≥1 medical diagnosis, of which 
congenital abnormalities (42%), perinatal problems (38%) and neurologic 
diseases (16%) were most common. They had gastrostomy (60%), nasogastric 
(33%), or other tube types (7%). Parents of most children (74%) mentioned 
≥1 side effect due to tube feeding. Vomiting (37%), lack of appetite (29%), 
and gagging (29%) were reported most frequently. Nasogastric tube 
placement resolved in negative experiences (94%).

Conclusions: The prevalence of pediatric home tube feeding varies between 
83 and 92:100,000 children/ year in the Netherlands. These children are 
characterized by various underlying medical diagnoses. Side effects of tube 
feeding are frequently reported by parents. Further studies should focus 
on methods reducing side effects.

INTRODUCTION

Tube feeding, also called enteral feeding, sustains life and ensures growth 
in children who are malnourished, or unable to eat and drink, by providing 
the nutritional requirements by a feeding tube (1). Since various groups 
of children are at risk for malnutrition, the indications for tube feeding 
include a wide range of conditions, such as prematurity, neurological 
disorders, and cardiorespiratory disorders (2-4). Besides the beneficial 
effects, tube feeding formula, or the tube itself, can contribute to negative 
effects. These may include health (complications or side effects such 
as aspiration, gagging, vomiting, infections, a difficult transition to oral 
feeding), psychosocial (for example parental distress, impaired interaction 
between parents and child), and economy-related effects (for the tubes, 
formula, tube care, and complications) (4-11).

When tube feeding is required for longer periods (months to years), home 
tube feeding can be beneficial for patients and families (12). The prevalence 
of home tube feeding increased in most developed countries since it was 
first practiced, due to improved tubes, gastrostomy procedures, and 
organization of home care (12-14). In addition, home tube feeding also 
became more available worldwide, which is thought to be the result of 
increased community based care. Prevalence and incidence rates seem 
to be related to the gross domestic product and health care budgets, and 
therefore differ widely between countries (15).

To our knowledge, epidemiological data regarding pediatric home tube 
feeding in the Netherlands have not been published. Therefore the primary 
aim of this study was to determine the prevalence rates of home tube 
feeding in the pediatric population in the Netherlands. Secondary aims 
were to assess the clinical characteristics of these tube fed children and 
possible side effects of tube feeding.

MATERIALS AND METHODS

Participants and procedure
The study consisted of two parts. Firstly, we used the Medicines and 
Devices Information Project databank (“Genees- en hulpmiddelen Informatie 
Project”; GIP databank) of the National Health Care Institute (“Zorginstituut 
Nederland”) to obtain data of tube fed children in the Netherlands (16). 
In the Netherlands, all citizens (including children) are obliged to have 
a health insurance. The Health Insurances supply data to the National 
Health Care Institute, which checks, corrects, and registers these in the 
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GIP databank (16)). The amount of children receiving tube feeding formula 
at home amongst various age and gender categories were extracted from 
the GIP databank for the years 2010-2014. We calculated the prevalence 
rates of pediatric home tube feeding in the Netherlands by combining 
these data with population related data per age category of the Statistics 
Netherlands (“Centraal Bureau voor de Statistiek”), which is an independent 
administrative body, performing governmental tasks, financed by the State 
Budget (17).

Secondly, in a cross-sectional survey we collected data of children 
receiving home tube feeding nationwide, aiming to determine the clinical 
characteristics of these children and the side effects of tube feeding. 
We recruited parents with tube fed children by using an advertisement 
in several patient associations newsletters, medical nurseries and online 
communities for parents of tube fed children. The advertisement contained 
a digital link to both a letter, which outlined the purpose and procedure 
of the study, and a self-designed web based questionnaire containing 27 
items. All Dutch children between 0 and 17 years of age, receiving feeding 
by a tube for ≥2 weeks were included. Parental informed consent of all 
patients was obtained.

Measures
The questionnaire (see Supplementary 1), completed by the parents of 
tube fed children, provided data on sex, age category, gestational age, 
birth weight, medical conditions, primary indication for tube feeding, 
age of onset of tube feeding, total duration of tube feeding, type of tube 
(gastrostomy, nasogastric, duodenal or other tube), type of feeding via tube 
(infant formula, tube feeding, blended diet), the amount of tube feeding 
per day (in milliliters), timing of tube feeding, route of administration, side 
effects, percentage of oral intake (both eating and drinking), medication 
administered by tube, involved health care professionals, tube dependency, 
and if applicable attempted weaning methods. In case children had a 
nasogastric tube, the questionnaire included questions regarding who 
replaces the tube (parents, home care, emergency room / hospital), and 
how the child experiences this procedure.

Definitions
We used the International Statistical Classification of Diseases and Related 
Health Problems 10th Revision (ICD-10 Version: 2016) to categorize medical 
conditions.

The categorizations of the ESPGHAN Committee on Nutrition were used 
to describe the primary indication for tube feeding, such as treatment for 
Crohn’s disease, disorders of digestion and absorption, disorders of gastro-
intestinal motility, increased nutritional requirements and losses, metabolic 
diseases, growth related (wasting, stunting, chronic malnutrition, growth 
failure), and insufficient/inadequate oral intake (4). We added the category 
‘delivery of medications’.

We categorized the reported experiences considering nasogastric tube 
replacement in four categories: traumatic (including Dutch terms for 
dramatic, awful, traumatic, very annoying, terrible, crying, arching, sad, 
resistance, passing out, panicking, fearful), unpleasant (including Dutch 
terms bothersome, annoying, tolerable, unpleasant, shortly distressing, 
angry), no problems, or alternating experiences (from unpleasant and 
traumatic to not problematic).

Prematurity was defined as gestational age <37 weeks. Small for gestational 
age was defined as birth weight ≤p10, according to The Netherlands 
Perinatal Registry (“Stichting Perinatale Registratie Nederland”) (18).

Tube dependency was defined as receiving tube feeding even though the 
primary indication for the tube feeding did no longer exist.

Statistical analysis
Normality was tested using both eye balling and the Shapiro-Wilk Test. 
Non normal distributed data were described as median and interquartile 
ranges (IQR). The Fischer’s exact test was used to compare binary data of 
≥2 groups. Bootstrapped confidence intervals (Bca CI 95%) were generated 
based on 1000 samples to enable comparing results with other studies. All 
statistical analyses were carried out using SPSS 23 (IBM SPSS Statistics 23).

Medical Ethics
The Medical Ethics committee of the Academic Medical Center in 
Amsterdam, the Netherlands, confirmed that the Medical Research Involving 
Human Subjects Act does not apply to the present study.
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RESULTS

Prevalence
The prevalence of children receiving home tube feeding in the Netherlands 
was 84-92-91-84-83 per 100,000 children per year during the period 
2010-2014 respectively. As depicted in Fig. 1, the peak prevalence of tube 
feeding was at one year of age. Thereafter, the prevalence decreased with 
increasing age.

Characteristics of tube fed children
Parents of 347 tube fed children completed the questionnaire of whom 279 
were included in this study. A total of 68 patients were excluded, because 
they did not fulfill the inclusion criteria; currently no tube feeding ≥2 weeks 
(n = 64), age ≥18 years (n = 1), citizen of another country (n = 1), lack of 
informed consent (n = 2)).

Demographics and characteristics of tube fed children are shown in Table 
1. Most children were amongst age categories 0-3 years (50.9%). Despite 
requiring a tube, 11.1% of the children had no medical diagnosis. The ICD-10 
categories of the children whose parents reported medical diagnoses 
(n = 244 [87.5%]; missing data n= 4) are depicted in Table 2. The children 
were treated by several healthcare professionals (see Table 3).

Fig. 1. Prevalence of pediatric tube feeding per age category

Table 1: Demographics and characteristics.

Demographics and characteristics of tube fed children

 n (%)

Male 148 (53)

≥1 medical diagnosisa 244 (87.5)

Age category in years

 0 24 (8.6)

 1 44 (15.8)

 2 41 (14.7)

 3 33 (11.8)

 4 29 (10.4)

 5-9 62 (22.2)

 10-17 46 (16.5)

Median (IQR)

Gestational ageb, weeks 38.57 (36.57–39.86)

Birth weightc, grams 3000 (2305–3500)

a missing data n=4
b missing data n=6
c missing data n=10
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Table 2: Medical diagnoses.

Categories ICD-10 Version: 2016 classification n (%)a Bca 95%CI

Congenital malformations, deformations and 
chromosomal abnormalities

118 (42.3) 37.3-48.3

 Certain conditions originating in the perinatal period 107 (38.4) 33.3-43.0

 Prematurityb 73 (26.4) 22.1-31.5

 Small for gestational agec 55 (19.7) 15.8-24

Diseases of the nervous system 45 (16.1) 12.2-20.8

Diseases of the digestive system 40 (14.3) 10.8-18.3

Endocrine, nutritional and metabolic diseases 33 (11.8) 8.6-15.1

Mental and behavioral disorders 22 (7.9) 5.4-10.4

Symptoms, signs and abnormal clinical and  
laboratory findingsd

13 (4.7) 2.5-7.2

Diseases of the respiratory system 12 (4.3) 2.5-6.5

Diseases of the eye and adnexa 9 (3.2) 1.4-5

Diseases of the musculoskeletal system and  
connective tissue

8 (2.9) 1.4-4.7

Diseases of the genitourinary system 8 (2.9) 1.4-4.4

Diseases of the ear and mastoid process 7 (2.5) 1.1-3.9

Diseases of the circulatory system 7 (2.5) 0.7-4.3

Factors influencing health status and contact  
with health servicese

7 (2.5) 1.1-3.9

Neoplasms/malignancy 5 (1.8) 0.4-3.6

Diseases of the blood and blood-forming organs 
and certain disorders involving the immune mechanism

5 (1.8) 0.4-3.6

Infectious and parasitic diseases 2 (0.7) 0-2.1

a Percentages are described as percentage of total patients (n = 279). As parents were able to report 
several medical diagnoses, the total does not equal 100%.
b Prematurity was defined as gestational age <37 weeks.
c Small for gestational age was defined as birth weight ≤ p10.
d Including higher energy needs (n = 1), ataxia (n = 2), disturbed gastrointestinal passage 
(n = 1), disturbed swallowing (n = 3), hypotonia (n = 2), enuresis not otherwise specified (n = 1), 
hyperventilation (n = 1), food refusal (n = 1), bi-lateral spasm without diagnosis (n = 1).
e Including a personal history of allergy to drugs, medicaments and biological substances (n = 6) 
and shaken baby syndrome (n = 1).

Table 3: Health care workers.

Health care worker n (%)

Medical

Pediatrician 265 (95.0)

Rehabilitation physician 121 (43.4)

General practitioner 76 (27.2)

Neurologist 37 (13.3)

Cardiologist 22 (7.9)

Gastroenterologist 18 (6.5)

Orthopedic surgeon 14 (5.0)

Ear nose throat specialist 10 (3.6)

Ophthalmologist 10 (3.6)

Surgeon 8 (2.9)

Nephrologist 8 (2.9)

Metabolic specialist 7 (2.5)

Pulmonologist 7 (2.5)

Urologist 7 (2.5)

Oncologist 4 (1.4)

Other medical specialists 19 (6.8)

Paramedical

Dietician 212 (76.0)

Physiotherapist 178 (63.8)

Speech therapist 173 (62.0)

Occupational therapy 100 (35.8)

Child’s life specialist 58 (20.8)

Psychologist 36 (12.9)

Alternative medicine

Osteopath 12 (4.3)

Complementary medicine 10 (3.6)

Other 11 (3.9)

Total 279
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Tube and tube feeding characteristics
Parents considered the following primary indications for tube feeding 
(missing data n = 1): inadequate oral intake (n = 163; 58.4%), growth failure 
or chronic malnutrition (n = 66; 23.7%), increased nutritional requirements 
and losses (n = 24; 8.6%), metabolic diseases (n = 9; 3.2%), disorders of 
gastrointestinal motility (n = 8; 2.9%), medication (n = 5; 1.8%), or disorders 
of digestion and absorption (n = 3; 1.1%). The feeding tube was used for 
the delivery of medications in 79.9% (primary indication n = 5; additionally 
n = 218; missing data n = 1) of the children.

Onset of tube feeding was more frequently at young ages (see Fig. 2 
and Table 4), including 86 children (31.5%) with tube feeding since birth. 
Characteristics of the tube and tube feeding are shown in Table 4.

Side effects of tube feeding and experiences of tube replacement
Parents of most children (73.5%) considered ≥1 side effects as result of 
tube feeding (see Table 5).

Most of the children were able to drink (n = 174; 62.4%) or eat (n = 168; 
60.2%) themselves. A total of 199 of parents (73.7%; missing data n = 9) 
reported that their child is eating ≤25% of the total daily nutritional intake 
themselves.

We found no statistical difference between receiving a blended diet alone 
or combined with other tube feeding versus other types of tube feeding 
considering the proportion of children with gagging (p = 0.435) or vomiting 
(p = 0.627). Neither was there a statistical difference between children 
with a nasogastric tube and other types of tubes regarding the proportion 
of children with gagging (p = 0.092) or vomiting (p = 0.191). When children 
had a nasogastric tube (n = 93), replacement was performed (by home care 
(n = 74; 81.3%), in the hospital (n = 32; 35.2%), by parents (n = 20; 22%), 
the child itself (n = 2; 2.2%) and/or at the medical nursery (n = 1; 1.1%), or 
unknown (n = 2). Parents of children having a nasogastric tube (n = 93; 
missing data n = 3) described tube replacement as traumatic (n = 51; 56.7%), 
unpleasant (n = 28; 31.1%), not problematic (n = 7; 7.8%), or alternating 
experiences by tube replacements (from traumatic or unpleasant to not 
problematic) (n = 4; 4.4%).

We assessed differences between timing of tube feeding (including at 
night, daytime, both and else) and schedule (including one bolus, multiple 
boluses, continuously, combination and else) with the following general side 
effects: nausea (p = 0.207 and p = 0.675 respectively), gagging (p = 0.089 

and p = 0.528 respectively), vomiting (p = 0.034 and p = 0.861 respectively), 
lack of appetite (p = 0.144 and p = 0.418 respectively), and oral intake 
(p = 0.000 and p = 0.657 respectively). Only the differences between the 
timing of tube feeding with vomiting (p = 0.034) and oral intake (p = 0.000) 
were statistically significant.

By assessing differences for the subdivisions timing of tube feeding only 
at night compared to not only at night (including daytime, both and else), 
and only at daytime compared to not only at daytime (including at night, 
both and else) with regard to both vomiting as oral intake, we found that 
vomiting occurred in 20% (8/40) of the children who were only tube fed 
at night, while it occurred in 39% (94/239) of the children not only fed at 
night, which is statistically significant (p = 0.021). Furthermore, there was 
a statistically significant difference between oral intake and feeding only at 
daytime versus not only at daytime (p = 0.033), as well as between only at 
night versus not only at night (p = 0.000). Children tube fed only at daytime 
had oral intake themselves in 55% (64/117), children not only tube fed in 
daytime had oral intake themselves in 68% (110/162). Children tube fed only 
at night had oral intake themselves in 98% (39/40), children not only tube 
fed at night had oral intake themselves in 56% (135/239).

Hundred parents (35.8%) thought their child was tube dependent (see 
methods for definition). Of these patients, 47% were treated for tube 
dependency in the past or present to facilitate the transition from tube to 
oral feeding by several methods, including appetite inducing methods as 
well as behavioral methods.
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Table 4: Tube and tube feeding characteristics.

n (%)

Type of tube

 Gastrostomy tube 164 (58.8)

 Nasogastric tube 93 (33.3)

 Duodenal tube 6 (2.2)

 Jejunostomy tube 3 (1.1)

 Jejunal tube 2 (0.7)

 Other 11 (3.9)

Type of tube feeding

 Tube feeding formula 191 (68.5)

 Infant formula/breast feeding 60 (21.5)

 Blended diet 14 (5.0)

 Combination of above 6 (2.2)

 Only water 4 (1.4)

 Other 6 (2.2)

Tube feeding schedulea

 Bolus feeding 198 (71)

 Continuously 60 (21.5)

 Both bolus feeding and continuously 18 (6.5)

 One bolus 2 (0.7)

Tube feeding delivered at

 Daytime 117 (41.9)

 Evening/night 40 (14.3)

 Both 121 (43.4)

 Other 1 (0.4)

Median (IQR)

Age at onset of tube feeding, monthsb 4 (0-23.5)

Duration of tube feeding, monthsc 24 (12-48)

a missing data n = 1.
b missing data n = 6.
c missing data n = 35.

Table 5: Side effects

General side effects; n = 279 n (%)a

Vomiting 102 (36.6)
Lack of appetite 80 (28.7)
Gagging 80 (28.7)
Nausea 73 (26.2)
Coughing 51 (18.3)
Arching 18 (6.5)

Stomy related side effects; n = 177 n (%)
Skin irritation 61 (34.5)
Fibroma 56 (31.6)
Infection 23 (13.0)

a Considering several side effects co-occurring the total does not equal 100%.

Fig. 2. Onset of tube feeding.

*missing data n = 6
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DISCUSSION

This study shows prevalence rates of home tube feeding in the Netherlands 
between 83 and 92 per 100,000 children/year (2010-2014). These children 
are characterized by various underlying medical conditions, treated by 
many different health care professionals. Side effects of tube feeding and 
negative experiences due to tube replacements are frequently reported 
by parents.

To our knowledge, this is the first study assessing the prevalence of pediatric 
home tube feeding in the Netherlands. Epidemiological data amongst other 
European countries are limited. The Polish Society for Clinical Nutrition of 
Children sent retrospective questionnaires to all Polish regional centers 
(n = 14) providing pediatric home tube feeding. Each center responded and 
433 children received tube feeding on January 1st and 525 on December 31st 
in 2010, representing prevalence rates of 1.1 and 1.4 per 100,000 inhabitants 
(both children and adults) respectively (19). The British Artificial Nutrition 
Survey, a committee of the British Association for Parenteral and Enteral 
Nutrition, found 1336 children up to 16 years receiving home tube feeding in 
the United Kingdom in 2010. The prevalence was not described as total of 
the population. They relied on reporting centers, and described a decreasing 
number of reporting centers. Therefore, data were incomplete, and under 
registration of home tube fed children seems likely (20). In Spain, 529 
pediatric patients were registered between 2003 and 2007 in the online 
Register of Pediatric Outpatient and Home Enteral Nutrition kept by the 
Spanish Society for Gastroenterology, Hepatology and Pediatric Nutrition. 
They described the prevalence of pediatric home tube feeding to remain 
unknown, because data were biased due to a small number of centers 
including patients (21). A study from the Italian Society for Parenteral 
and Enteral Nutrition, in which regional coordinators recorded all ongoing 
cases of home tube feeding in April 2005 by a structured questionnaire, a 
prevalence of 0.84 children (≤18 years) per 100,000 inhabitants was found 
(22). The prevalence rates of the former described studies are difficult 
to compare with ours, because different methods were used to report 
the amount of children receiving tube feeding. Only one study, from Italy, 
described the prevalence rate comparable to ours. Data of patients entering 
a home tube feeding program were analyzed retrospectively. Using national 
data from the Institute of Statistics, they assessed a prevalence rate of 
3.47 per 100,000 children (≤18 years) in 2009 (23), which is far lower than 
our prevalence rate.

It is unclear why the prevalence of pediatric home tube feeding 
varies substantially amongst European countries. In accordance with 
earlier explanations we hypothesize that differences are explained by 
underestimations of home tube feeding in other countries due to the 
retrospective designs of studies or the need for active registration (20, 21). 
Unfortunately, only patients receiving tube feeding formula were included 
in the GIP database (children receiving infant formula/breast milk, blended 
diet or water by the tube were not). Therefore, it is likely that we missed 
patients, especially amongst the youngest age category (0 years), which 
would explain the relatively low prevalence amongst this age-group. This 
seems reasonable in the light of a study from the United Kingdom were 
infants and young children were a substantial group of home tube fed 
children (69% of the 448 home tube fed children up to 16 years were <2 
years of age) (20), and our own survey (24.4% of 279 tube fed children 
were <2 years of age). Therefore, we hypothesize that the real prevalence 
of home tube feeding in the Netherlands is even higher than the reported 
83-92 per 100,000 children/year. Another difference amongst European 
countries is the reimbursement for tube feeding. In contrast to some other 
countries, tube feeding formula is completely reimbursed by the health 
insurances, while regular infant feeding has to be paid by the parents. 
Therefore, a pursuit of tube feeding may be caused for financial benefits. 
This, however, may be very difficult to determine and reveal.

Some interesting results were found analyzing our questionnaires completed 
by parents of tube fed children. Firstly, we found most of the children to be 
diagnosed with congenital malformations, perinatal diseases and neurologic 
conditions. According to a French study, the most common indications 
extracted from medical charts for children up to 18 years receiving home 
tube feeding, were digestive disorders (35%) and neurological/muscular 
disorders (35%) (2, 12). In Poland, tube feeding was indicated for neurological 
disorders (64.2%) most frequently. (19). Those differences between patient 
characteristics can be due to different populations, but might also indicate 
an over- or underrepresentation of certain groups of children in our or other 
studies (21). Differences might as well be explained by different methods 
of collecting data (by health care professionals or parents).

Three quarter of parents reported side effects of the tube feeding. The 
study of Pahsini et al. analyzing the parental perspective of side effects 
due to tube feeding, found that 87.3% of the 425 tube fed children entering 
a tube weaning program experienced side effects (24). Although parents 
might misinterpreted the causality of these complaints, these high numbers 
emphasize the need for specialized care for tube fed children, and further 
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research to reduce side effects. Neither a nasogastric tube nor a blended 
diet correlated significantly with demonstrating gagging or vomiting in our 
study. However, considering the small amount of children receiving blended 
diet, these findings should be interpreted with caution. Furthermore, we 
did not study the severity of gagging and vomiting (instead of only the 
presence yes or no), which could be influenced by the type of tube or 
diet. Interestingly, we found that children who were only tube fed at night 
had a better oral intake themselves. These children receiving tube feeding 
only at night did not show more side effects such as vomiting, compared 
to children who were not only tube fed at night. However, considering the 
cross-sectional design of this study, we cannot draw any conclusions with 
regard to the causality of these findings.

In the literature the term tube dependency is often reserved for children 
remaining on tube feeding when the primary indication for the tube feeding 
has resolved (5, 6). A third of the parents in our survey thought this was 
the case for their child. More than half of these children, however, did not 
receive any treatment for this situation, while several methods, such as 
appetite stimulating weaning methods, have shown great successes (25, 
26). This finding might implicate that these children could benefit from 
tube weaning methods.

The strength of our study is that we used very reliable data from the 
national GIP databank, in which almost all children from the Netherlands 
are registered. Therefore, under registration is less likely compared to 
the other mentioned studies regarding the prevalence of pediatric home 
tube feeding. However, a major limitation of this study is that children 
receiving infant formula, breast feeding, or a blended diet through their 
tube were not included in this databank. Future prospective studies should 
collect data considering tube supplies and combine these with tube feeding 
formula data to minimize under registration of pediatric home tube feeding. 
The GIP databank did not show when the tube feeding was delivered for 
the first time. Consequently, unfortunately, we were not able to calculate 
the incidence, which would have been interesting.

Another strength of this study is the high number of web-based 
questionnaires completed by parents. We found the parents perspective on 
tube feeding very important and interesting. However, considering medical 
data this method of data collection was a limitation, especially with respect 
to side effects and complications. To achieve this large sample size, we 
used advertisements in online communities. If this method of achievement 
might have led to selection bias is discussable. Concerning the fact that 

we used passive (instead of active) recruitment only, we can’t really talk 
about a response rate, since we don’t know how many people saw the 
advertisements. Based on the prevalence rate, we calculated that our 
sample responding to the questionnaire comprised of almost 10% of all 
children receiving tube feeding in the Netherlands.

CONCLUSION

The prevalence rate of pediatric home tube feeding in the Netherlands is 
83-92 per 100,000 children per year. Parents do often report side effects 
and negative experiences caused by the tube or tube feeding, suggesting 
a high impact of tube feeding for both patients and families. During 
consultations, health care professionals should pay attention to these side 
effects and negative experiences. Both the causality and the severity of 
these side effects, however, should be confirmed in prospective research 
not only relying on parental perspective, but also including data from health 
care practitioners. Further studies should focus on methods reducing the 
side effects of tube feeding. The prevalence rate of pediatric home tube 
feeding in the Netherlands can be used to perform a cost-analysis to 
examine the burden for society.
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SUPPLEMENTARY 1: QUESTIONNAIRE

Questionnaire for parents of tube fed children

This questionnaire was made in Dutch and was translated into English for 
the purpose of the manuscript.

What was your child’s gestational age (in weeks and days)?
	 …

What was your child’s birth weight (grams)?
	 …

What is the sex of your child?
	 Male
	 Female

How old is your child?
	 0 years
	 1 years
	 2 years
	 3 years
	 4 years
	 5-9 years
	 10-17 years

Does your child have diseases / disorders / medical diagnoses?
	 Yes
	 No

If your child has diseases / disorders / medical diagnoses, which ones?
	 …

What was the primary medical indication for tube placement?
	 …

At what age was the tube feeding commenced (years and months)?
	 …

What is the total duration of tube feeding (years and months)? Add different 
periods together.
	 …

What type of tube does your child have?
	 Nasogastric tube
	 Duodenal tube
	 PEG-tube
	 Button
	 Other: …

If your child has a nasogastric tube, who takes care of the replacements 
(multiple options possible)?
	 Parents
	 Homecare
	 Emergency Department / hospital
	 Not applicable
	 Other: …

If your child has a nasogastric tube, how does your child experience the 
replacement?
	 …

What type of feeding does your child get through the tube?
	 Infants formula
	 Tube feeding
	 Blended diet
	 Other: …

What is the daily amount of tube feeding (in milliliters)?
	 …

When is the tube feeding administered?
	 At daytime
	 At night
	 Both at daytime and at night
	 Other: …

How is the tube feeding administered?
	 Boluses
	 Continuously
	 Other: …

Does your child suffer from side effects of the tube feeding?
	 Yes
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	 No

If your child suffers from side effects, which side effects are these (multiple 
options possible)?
	 Gagging
	 Vomiting
	 Nausea
	 Coughing
	 Arching during feeding
	 Lack of appetite
	 Irritated skin around gastrostomy

Fibroma around gastrostomy
Infection around gastrostomy
Other: …

Does your child have oral intake?
	 Yes
	 No

Could you estimate how much of the total daily intake consists of oral 
feeding?
	 25%
	 50%
	 75%
	 100%
	 Not applicable
	 Other: …

Is the tube being used for the delivery of medications?
	 Yes
	 No

Which health care practitioner monitors your child?
	 General practitioner
	 Pediatrician
	 Rehabilitation physician
	 Speech language pathologist
	 Dietician
	 Psychologist
	 Physiotherapist
	 Occupational therapist
	 Child’s life specialist

	 Osteopath
	 Alternative health care workers
	 Other: …

When a child received tube feeding for a long period, sometimes the child 
will become tube dependent, although the primary indication for the tube 
feeding does no longer exist. This can be caused by negative experiences 
in the area of the mouth and the lack of experiencing hunger. Do you think 
this can be the case in your child?
	 Yes
	 No

If the primary indication for the tube feeding does not exist anymore, but 
your child has become tube dependent: Has your child been treated for 
tube dependency in order to wean your child from the tube?
	 Yes
	 No
	 Not applicable

If your child has been treated for tube weaning: Which methods have been 
tried?
	 …

Completion date:
	 dd / mm / yyyy

If you have any other remarks or suggestions, please add them below.
	 …
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ABSTRACT

Objective: Percutaneous endoscopic gastrostomy (PEG) provides a long-
term solution for tube dependency. Pediatric guidelines recommend 
prophylactic antibiotic treatment (ABT) based on adult studies.

Aim: To compare wound infection and other complications in children 
receiving a PEG with and without prophylactic ABT.

Methods: Retrospective study including children 0 to 18 years undergoing 
PEG placement. Patients with (2010-2013) and without (2000-2010) ABT 
were compared with respect to the occurrence of wound infection and 
other complications.

Results: In total, 297 patients were included (median age 2.9 years, 53% 
boys). Patients receiving ABT per PEG protocol (n = 78) had a similar wound 
infection rate (17.9 vs 21%, P = 0.625), significantly less fever (3.8 vs 14.6%, 
P = 0.013), leakage (0 vs 9.1%, P = 0.003) and shorter hospital admission (2 
vs 4 days, P = 0.000), but more overgranulation (28.2 vs 8.7%, P = 0.000) 
compared to those without (n = 219).

Patients receiving any ABT, per PEG protocol or clinical indication (n = 115), 
had similar occurrence of wound infection (19.1 vs 20.9%, P = 0.768), fever 
(7.8 vs 14.3%, P = 0.100) and leakage (3.5 vs 8.8%, P = 0.096), a significantly 
shorter hospital admission (3 vs 4 days, P = 0.000), but more overgranulation 
(21.7 vs. 8.8%, P = 0.003) compared to those without (n = 182).

Conclusions: Prophylactic ABT does not seem to reduce the occurrence of 
wound infection but it might be beneficial with respect to fever, leakage 
and duration of hospital admission, but not overgranulation. A randomized 
controlled trial is needed to confirm our results.

INTRODUCTION

Tube feeding maintains energy and nutritional intake in children with an 
inadequate oral intake, wasting or stunting in varying clinical entities (1). 
It can also be used to facilitate fluids and medication delivery (2). If tube 
feeding is required for longer periods, a gastrostomy should be considered, 
being beneficial compared with nasogastric tubes with regard to tube 
displacement, aspiration, irritation, ear nose throat (ENT) complications, 
cosmetics, and oral skill development (1, 3, 4). In 1980, Gauderer et al. 
(5) introduced the percutaneous endoscopic gastrostomy (PEG), a widely 
used relatively quick and technically simple procedure. In 11% of pediatric 
patients, however, at least 1 complication occurs within 5 years after the 
PEG procedure (3). Minor complications include blockage, dislodgement, 
degradation and removal of the tube, leakage, transient gastroparesis, 
ulceration in the gastric wall, overgranulation and wound infection. Major 
complications include amongst others perforation and fistula in the gastro-
esophageal region, aspiration pneumonia, buried bumper, bleeding and 
systemic infection (3). Minor complications, such as wound infection (4-
30%) are common, but major complications occur less frequently.

A Cochrane review with pooled analysis of 12 randomized controlled trials 
(RCTs) evaluating the use of prophylactic antibiotic treatment (ABT) during 
PEG tube placement in adults, showed a reduced infection rate in patients 
receiving prophylactic ABT (intravenous cephalosporines) (3, 6-19). On the 
basis of this review, an European Society of Pediatric Gastroenterology 
Hepatology and Nutrition (ESPGHAN) position paper recommends 
prophylactic ABT before PEG placement (3). In clinical practice, prophylactic 
ABT are widely used worldwide as standard of care in children (3, 20-24). 
Studies, however, in children are lacking to support this recommendation.

Therefore, the aim of this study was to compare wound infection and 
the occurrence of other complications between children undergoing PEG 
placement with and without prophylactic ABT.

METHODS

Participants and procedure
Data of children 0 to 18 years old undergoing a PEG procedure at the Emma 
Children’s Hospital, a tertiary care center in Amsterdam, the Netherlands, 
between January 2000 and May 2013 were collected retrospectively by 
reviewing medical charts (September 2013). Children who underwent a 
laparoscopic gastrostomy were excluded.
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Percutaneous Endoscopic Gastrostomy Procedure
Before tube placement, a pediatric gastroenterologist evaluated all patients 
during an outpatient visit or if the child was admitted for another reason 
in clinic. History and physical examination were carried out to assess 
indications and contraindications for PEG placement. Contraindications 
for PEG-placement were severe scoliosis, esophageal atresia, portal 
hypertension, hepatomegaly, thrombocytopenia, coagulation disorders and 
massive ascites. Patients and parents were informed about the procedure 
and possible side-effects and complications. Informed consent was given 
by parents. Patients were admitted to the hospital 1 day before the PEG 
procedure. The procedure took place under general anesthesia and was 
performed by a pediatric gastroenterologist, assisted by an endoscopy 
assistant and pediatric surgeon. Freka (Fresenius, Oberursel, Germany) 
15Fr PEG tubes were placed, using the pull through technique (5). Before 
March 2010, no prophylactic ABT was given unless there was a clinical 
indication, such as endocarditis prophylaxis. Due to assumed benefits, 
our PEG protocol changed in March 2010 and patients were receiving a 
prophylactic broad-spectrum antibiotic (50 mg/kg Cefazoline intravenously) 
1 hour before placement. After recovery, a small amount of water was 
administered via the PEG tube and if tolerated, feeding was slowly started 
after 4 hours. Parents were educated to take care of the PEG and the child 
was discharged if tube feeding was tolerated.

After 1 week, all children were routinely seen and re-evaluated by a nurse 
specialized in PEG tube care. Furthermore, parents were instructed to 
contact the nurse or their pediatric gastroenterologist in case of problems 
or complications, such as irritation by leakage, overgranulation, infection 
gastrostomy, and problems with stoma care (including pushing/pulling and 
rotating).

Measures
The collected data included age, sex, underlying diseases, indication 
of PEG placement, prophylactic ABT per PEG protocol, ABT for other 
reasons (such as immunodeficiency or endocarditis prophylaxis), size of 
tube, and admission days in the hospital. Furthermore, we collected data 
regarding complications during or after PEG procedure (including fever, 
overgranulation, leakage, wound infection, peritonitis/perforation, buried 
bumper, bleeding and mortality). The occurrence of fever and wound 
infection were assessed at different time frames; at day 1 and 2; at days 3 
to 7; at day 8 to 28; at months 2 to 3; and after 3 months.

Definitions
Fever was defined as having a body temperature higher than 38.5 °C. Wound 
infection was defined as swelling and/or redness that was treated with 
local or systemic ABT.

Leakage was defined as leakage of feed or gastric content from gastrostomy 
along the gastrostomy tube.

Overgranulation was defined as red/pink tissue at the stomal border that 
expanded above the surrounding skin, which did not improve towards 
healing.

Statistical Analysis
Data were entered into the Statistical Package for Social Science (IBM 
SPSS Statistics) version 25. Normality of continuous variables was tested 
by the Shapiro-Wilk test in addition to eye balling. Differences between 
groups (patients receiving prophylactic ABT following the new protocol vs 
patients not receiving prophylactic ABT following the old protocol; and 
patients receiving ABT for any reason vs patients receiving no ABT at all) 
for binary variables were analyzed using Fischer Exact tests, and for age 
(which was not normally distributed) using the Mann-Whitney test. A value 
of P < 0.05 (two-sided) was considered to be significant. Complication rates 
were generated on a bootstrapped 95% confidence interval (Bca CI95%) 
based on 1000 samples.

Medical Ethics
The Medical Ethical Committee of the Amsterdam UMC confirmed that 
the Medical Research Involving Human Subjects Act (WMO) did not apply 
to our study.

RESULTS

In total, 297 patients (53% boys) with a median age of 2.9 (interquartile range 
[IQR] 1.2-7.0) years were included in the study. Patient characteristics are 
shown in Table 1. In total, 78 (26%) children received and 219 (74%) did not 
receive prophylactic ABT per PEG protocol. The most common underlying 
disorders were neurological disorders (25.9%), metabolic disorders (19.5%) 
and genetic syndromes (18.5%). Long-lasting feeding problems (90.6%) were 
the main indication for PEG placement in both groups. Twenty-one patients 
underwent PEG placement for the administration of medication (laxatives 
for constipation [n = 18], anti-epileptics [n = 1], antiretroviral therapy for 
HIV [n = 1], and multiple drugs for hypoaldosteronism [n = 1]).
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Patients stayed in the hospital for a median of 3 (IQR 3-6) days. Complications 
were reported in 119 children (40.1%) (Table 2). In 8 (2.7%) children, 
complications occurred during the procedure, including colon perforation 
requiring surgery (n = 2), failure to obtain sufficient transillumination 
resulting in abortion of the procedure (n = 1), gastric needle dislocation 
with small defect requiring a second puncture (n = 5). Postprocedural 
complications were reported in 115 (38.7%) children. Sixty (20.2%) patients 
were treated with local or systemic ABT because of swelling and/or redness 
and were, therefore, diagnosed with wound infection (n = 60, 20.2%), which 
was the most common complication, occurring within the first week after 
placement in 50% of the children. Patients with wound infection had 
significantly more often leakage (n = 11/60, 18.3%) than patients without 
(n = 9/237, 3.8%) (P = 0.000). Bleeding and mortality were not seen.

The total number of complications, complications during PEG placement 
and postprocedural complications did not differ significantly between the 
patients receiving prophylactic ABT per PEG protocol and those without 
ABT (Table 3). The number of wound infections did not differ significantly 
between the two groups as well. Fever and leakage were less common in 
patients receiving prophylactic ABT. Overgranulation was seen significantly 
more frequent in patients treated with prophylactic ABT. The admission 
duration in the hospital of patients without prophylactic ABT was 
significantly longer.

Thirty-seven (16.9%) children did receive perioperative ABT because of 
clinical indications, such as prophylaxis for endocarditis, urinary tract 
infection, and respiratory infections. Table 4 shows subanalyses comparing 
the group of patients with overall perioperative ABT use (because of PEG 
protocol and for clinical indication) with patients not receiving any ABT. The 
duration of hospital admission was significantly longer in patients without 
ABT (4 vvs 3 days). The total number of complications, complications during 
the procedure, and postprocedural complications did not differ significantly 
between groups. There were no statistically significant differences in wound 
infection rate between groups. Overgranulation was more common in 
patients receiving any ABT.

Table 1. Patients characteristics

n = 297

Prophylactic

ABT per PEG 
protocol,

n = 78

No 
prophylactic 
ABT

per PEG 
protocol,*

n = 219 P

Age, years, median (IQR) 2.9 (1.2-7.0) 4.5 (1.8-9.0) 2.7 (1.2-6.6) 0.017

Sex, male, n (%) 157 (52.9) 40 (51.3) 117 (53.4) 0.792

Underlying disease, n (%)

Neurological disorders 77 (25.9)

Metabolic disorders 58 (19.5)

Genetic syndrome 55 (18.5)

Gastroenterological 
abnormalities

26 (8.8)

Psychomotor retardation 20 (6.7)

Anatomical disorders 13 (4.4)

Malignancies 10 (3.4)

Nephrological disorders 5 (1.7)

Cardiac diseases 4 (1.3)

Immunologic problems 4 (1.3)

Endocrine diseases 3 (1.0)

Other 22 (7.4)

Indication PEG, n (%)

Feeding problems 269 (90.6)

Fluid administration 6 (2.0)

Medication 
administration

21 (7.0)

Intestinal pseudo-
obstruction

1 (0.3)

Fischer Exact tests were used for all variables except for age in which the Mann-Whitney test 
was used. ABT = antibiotic treatment; IQR = interquartile range; PEG = percutaneous endoscopic 
gastrostomy.
*Including those with antibiotic prophylaxis for specific reasons, such as endocarditis prophylaxis.
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Table 2. Complications during and after percutaneous endoscopic gastrostomy procedure

n = 297

Complications†, n (%, Bca CI95%) 119 (40.1, 35.0-45.1)

Complications during procedure*, n (%, Bca CI95%) 8 (2.7, 1.3-4.0)

Postprocedural complications, n (%, Bca CI95%) 115 (38.7, 33.7-43.8)

Fever, n (%, Bca CI95%) 35 (11.8, 8.8-15.1)

 Days 1 and 2, n (%, Bca CI95%)  14 (4.7, 2.7-6.4)

 Days 3 to 7, n (%, Bca CI95%)  11 (3.7, 2.3-5.4)

 Days 8 to 28, n (%, Bca CI95%)  6 (2.0, 0.7-3.4)

 >4 weeks to <3 months, n (%, Bca CI95%)  2 (0.7, 0.0-1.7)

 >3 months, n (%, Bca CI95%)  2 (0.7, 0.0-1.7)

Wound infection, n (%, Bca CI95%) 60 (20.2, 15.8-24.6)

 Days 1 and 2, n (%, Bca CI95%)  3 (1, 0-2.4)

 Days 3 to 7, n (%, Bca CI95%)  27 (9.1, 6.4-11.8)

 Days 8 to 28, n (%, Bca CI95%)  17 (5.7, 3.5-8.1)

 >4 weeks to <3 months, n (%, Bca CI95%)  6 (2.0, 0.7-3.7)

 >3 months, n (%, Bca CI95%)  7 (2.4, 1.0-3.7)

Buried bumper, n (%, Bca CI95%) 11 (3.7, 2.0-5.4)

 >3 months, n (%, Bca CI95%)  11 (3.7, 2.0-5.4)

Leakage, n (%, Bca CI95%) 20 (6.7, 4.4-9.1)

 Days 1 and 2, n (%, Bca CI95%)  1 (0.3, 0.0-1.0)

 Days 3 to 7, n (%, Bca CI95%)  8 (2.7, 1.3-4.0)

 Days 8 to 28, n (%, Bca CI95%)  4 (1.3, 0.3-2.7)

 >3 months, n (%, Bca CI95%)  7 (2.4, 1.0-3.7)

Overgranulation, n (%, Bca CI95%) 41 (13.8, 10.1-17.8)

 Days 8 to 28, n (%, Bca CI95%)  10 (3.4, 2.0-4.9)

 >4 weeks to <3 months, n (%, Bca CI95%)  13 (4.4, 2.4-6.4)

 >3 months, n (%, Bca CI95%)  18 (6.1, 3.7-8.8)

Bleeding, n (%) 0 (0.0)

Mortality, n (%) 0 (0.0)

Bca CI95% = bootstrapped 95% confidence interval (based on 1000 samples); PEG = percutaneous 
endoscopic gastrostomy.
*Including colon perforation requiring surgery (n = 2), failure to obtain sufficient transillumination 
resulting in abortion of the procedure (n = 1), gastric malpunction with small defect (n = 5).
†Considering many children had more than 1 complication, this number is lower than the total 
number of complications.
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DISCUSSION

This retrospective study shows that wound infection rates are similar 
in patients receiving prophylactic ABT before PEG placement and those 
not receiving ABT. Fever and stoma leakage occurred significantly less 
frequently in patients with prophylactic ABT per PEG protocol compared to 
those without. The duration of hospital admittance was significantly shorter 
in patients receiving ABT per PEG protocol or for any reason compared 
to those without. Overgranulation, however, occurred more frequently in 
patients receiving prophylactic ABT per PEG protocol or receiving ABT for 
any reason, compared to those without.

In contrast to the Cochrane review describing successful prophylactic ABT 
in adults undergoing PEG placement, a recent published RCT in adults 
did not find significant differences regarding infection rates between 
patients receiving or not receiving prophylactic ABT (25). To date, only few 
studies were published assessing prophylactic ABT for PEG procedures 
in children. A small RCT, only published as an abstract, including 49 
children showed that children with prophylactic ABT (n = 24, median age 
2.3 years) had a significantly lower peristomal infection rate compared 
to those without (n = 25, median age 4.8 years) (8% vs 32%) (26). Results 
from other pediatric studies, however, were in line with the latter study in 
adults. Four small (n = 129, n = 103, n = 98, n = 27) retrospective studies 
including young children (median age 1.3-2.9 years) found no significant 
differences in occurrence of infections between patients with and without 
prophylactic ABT (27-30). In accordance, a small prospective observational 
study including 58 patients (ranging from 6 weeks to 45 years of age) and a 
larger multicenter prospective observational study including 239 patients 
(median age 8.1 years) neither found a significant difference in infection 
rate between patients receiving and not receiving ABT (31, 32). Also no 
differences were found regarding infection rate comparing a single dose 
intravenous ceftriaxone to dual (intravenous ceftriaxone and metronidazole) 
48-hour prophylactic ABT in 32 consecutively allocated children undergoing 
a PEG procedure (33).

In contrast to studies in adults, the above-mentioned pediatric studies 
suggest that the use of prophylactic ABT in children does not reduce 
infection rate. Different population characteristics might be an explanation 
for these different results. In the majority of children, a neurological 
disorder is the reason for PEG placement (21-24, 29, 32, 34-38), whereas 
in adults, malignancies and diabetes mellitus are the main reasons for PEG 
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placement. Immunosuppression and higher age make adults more prone 
to infection (27, 28).

ABT may lead to adverse events, organism resistance development, and 
increased health care costs (33). Therefore, prophylactic ABT should only be 
provided if beneficial. Pediatric patients with immunodeficiency, congenital 
heart disease, ventriculoperitoneal shunt or on peritoneal dialysis are at 
risk for severe infections, and should therefore, receive prophylactic ABT 
(28). Pediatric studies assessing prophylactic ABT for PEG procedures are 
warranted to support recommendations in general pediatric guidelines.

Our data suggest, that the use of prophylactic ABT may have led to 
a shorter hospital stay. On the other hand, less frequent leakage and 
fever might also play a role regarding a shorter hospital stay in patients 
receiving prophylactic ABT per PEG protocol. Engelmann found a significant 
difference regarding mean body temperature between patients with and 
without prophylactic ABT (37.9 and 38.3°C, respectively (P = 0.02), but 
infection rate defined as fever (temperature >39 °C) or increased CRP did 
not differ (28). During the years, there might have been a tendency to feed 
faster (without clear changes of protocol) and also recovering time after 
anesthesia might have become shorter (39).

Overgranulation occurred more frequently in our patients receiving 
ABT. We did not find other studies assessing the association between 
overgranulation and ABT. Interestingly, Fascetti-Leon et al showed that 
prophylactic ABT was an independent risk factor for complications within 
12 months (multivariate analysis, P = 0.003, odds ratio [OR] 2.587, CI 
1.372–4.878) and overgranulation was the most common complication at 
12 months (32). Overgranulation is thought to be caused by a foreign body 
disrupting the healing process because of an inflammatory response (40). 
Intuitively, one would hypothesize that overgranulation occurs less often 
in patients receiving prophylactic ABT. Antibiotics, however, also change 
the microbiome, which also plays a role in mucosal wound healing (41, 42). 
We, therefore, speculate that the disturbed microbiome might play a role 
in overgranulation. In addition, bacteria might easily enter the broken skin-
barrier because of the foreign body creating an inflammatory response. 
However, this hypothesis should be further analyzed and elucidated.

Strengths and limitations of the study
Compared with other pediatric studies assessing prophylactic ABT in 
children undergoing PEG placement, this study included the largest group 
of children (26-33). The study covered patients from a 12.5-year timeframe. 

Data were collected thoroughly and described in detail. A shorter hospital 
stay in children undergoing PEG placement receiving prophylactic ABT 
was described for the first time. Some limitations, however, have to be 
considered. The major limitation is the retrospective design of the study, 
which may have led to bias by lack of standardization and risk of missing 
complications. In addition, differences in patient characteristics of both 
groups and the different time periods might also have resulted in selection 
bias. We cannot rule out, that these different time periods (without 
prophylactic ABT before 2010 and with prophylactic ABT since 2010) may 
have contributed to differences between groups. Therefore, causality 
of antibiotic prophylaxis and complications and other findings, such as 
duration of hospital stay cannot be confirmed and should be studied by 
prospective RCTs in the future.

CONCLUSIONS

This study suggests that prophylactic ABT does not seem to be 
advantageous with respect to wound infection. It might be advantageous 
with respect to fever, leakage and duration of hospital admission but seems 
to be disadvantageous regarding overgranulation.
These results could open the discussion regarding prophylactic ABT 
before PEG placement again. Therefore, a large well-designed prospective 
multicenter international pediatric RCT assessing infection rate in patients 
(0-18 years of age) with and without prophylactic ABT should be performed 
to confirm these conclusions. Medical background, hospital duration, and 
complications should be clearly defined and followed-up prospectively. 
Cost-effectiveness should also be taken into account.
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ABSTRACT

Enteral nutrition is effective in ensuring nutritional requirements and 
growth. However, when tube feeding lasts for a longer period, it can lead 
to tube dependency in the absence of medical reasons for continuation 
of tube feeding. Tube-dependent children are unable or refuse to start 
oral activities and they lack oral skills. Tube dependency has health-, 
psychosocial- and economy-related consequences. Therefore, the transition 
to oral feeding is of great importance. However, this transition can be very 
difficult and needs a multidisciplinary approach. Most studies for treatment 
of tube dependency are based on behavioral interventions, such as family 
therapy, individual behavior therapy, neuro-linguistic programming and 
parental anxiety reduction. Furthermore, oral motor therapy and nutritional 
adjustments can be helpful in tube weaning. The use of medication has 
been described in the literature. Although mostly chosen as last resort, 
hunger inducing methods, such as the Graz-model and the Dutch clinical 
hunger provocation program, are also successful in weaning children off 
tube feeding.

Conclusion: The transition from tube to oral feeding is important in tube-
dependent children but can be difficult. We present an overview for the 
prevention and treatment of tube dependency.

INTRODUCTION

Eating and drinking are needed to sustain life and ensure growth (1). 
Therefore, enteral nutrition might be needed when the child is unable 
to eat, malnourished, or when dietary measures are insufficient to fulfil 
nutritional requirements (2). Although effective in these situations, when 
tube feeding lasts for a longer period, it can lead to difficulties in the 
transition to normal oral feeding and tube dependency when these children 
are medically stable (3-5).

Tube dependency is an unintended result of long-term enteral feeding (6), 
and is defined as the active refusal to eat (or drink), lack of motivation or 
inability to learn, or showing no precursors of eating development and skills 
after long-term enteral feeding (5, 7, 8). The child consequently remains 
dependent on the feeding tube, although there are no medical grounds for 
the continuation of tube feeding anymore (6, 7).

Common knowledge about the normal feeding process and development 
is inevitable to understand how a difficult transition to oral feeding in 
tube-fed children may arise. Feeding gradually matures from reflexes in 
newborns to a voluntary act at the age of 6-7 months (2). The normal 
feeding process (hunger-satiation system) consists of three phases: (1) 
the pre-oral phase in which the child feels hungry, leading to appetite 
and nutritional intake; (2) the oro-pharyngeal phase in which the foods 
are prepared orally, transported from tongue to pharynx, and swallowed, 
and (3) the gastro-intestinal phase in which satiation and digestion occur 
(9, 10). A normal feeding process requires a complex interaction between 
physiological (medical) factors (especially the cardiac, respiratory and 
digestive tract are important), sensorimotor functions, and parental and 
pediatric factors (2, 9).

Problems in any of these separate factors can attribute to a disruption of 
the normal feeding development in tube-fed children (5, 9), but it may be 
the subtle interaction between those factors that causes some of them 
to remain tube dependent for a long term (5). In general, tube dependency 
arises from a decreased motivation to eat due to a poor perception of hunger 
and to satiation by tube feeding, negative experiences (such as nausea, 
vomiting, esophagitis, nasogastric or endotracheal tube replacement) 
leading to oral aversion, an impaired child-caregiver interaction, reduced 
positive oral stimulation (lack of experience). Tube placement at a young 
age, receiving tube feeding between the sensitive period for feeding skills 
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and interest for new foods, and the duration of the tube feeding are risk 
factors for this development. (5, 8).

The introduction of enteral nutrition, improved techniques and advanced 
medical care have contributed to the survival of infants and children who 
would not have survived years ago. These children have a greater risk of 
medical complications interfering with the infant’s feeding, and many are 
fed by tube feeding. Preterm infants, infants who have chronic medical 
conditions, infants with tube feeding between the ages 3 and 6 months, 
and children with long-term tube feeding, are more at risk of developing 
severe feeding disorders (10) (11). Therefore, tube dependent children are 
usually fragile, but medically stable survivors of neonatal intensive care 
or child surgery (4, 6, 12). Unfortunately, no data regarding the prevalence 
and/or incidence of tube dependency is available, probably due to the fact 
that tube dependency is not recognized as a separate disorder in medical 
classification systems such as the International Statistical Classification 
of Diseases and Related Health Problems (ICD) or the Diagnostic and 
Statistical Manual of Mental Disorders (DSM) in the psychiatric field. Tube 
feeding dependency, however, should be seen as a severe feeding disorder. 
In pediatric medical literature, different definitions and classifications are 
used for feeding disorders (13) (14). Tube-dependent children may now fulfill 
the criteria for “avoidant/restrictive food intake disorder” (ARFID) (see Table 
1) according to the DSM-5 (15). This diagnosis replaces and extends the 
previously used diagnosis “feeding disorder of infancy and early childhood” 
of DSM-IV-TR(16) (13), which was not sufficient for tube-dependent children 
when “significant weight loss” or “failure to gain weight” was prevented by 
the tube feeding (17).

Besides the absence of a medical reason for continuing enteral feeding 
in tube dependency, long-term tube feeding may also have serious side 
effects and complications, such as infections, aspiration, airway blocking, 
severe feeding disorders, and interaction problems between caregivers 
and child (see Table 2) (6, 7, 18). Parents of children with feeding disorders 
often suffer from feeding-related anxiety, and mothers may show greater 
attachment insecurity (19, 20). Dunitz-Scheer reported that the quality of 
life of these infants and their families is severely affected (7) and Wright 
described a highly distressing situation for these parents (21). In addition, 
tube feeding is expensive (21). As a consequence, tube dependency has 
significant health-, psychosocial- and economy-related effects (22). 
Therefore, the prevention of tube dependency and tube weaning methods 
is of great importance.

Table 1: Criteria DSM-5: avoidant/restrictive food intake disorder (ARFID) (15)

A.) An eating or feeding disturbance (e.g., apparent lack of interest in eating or food; 
avoidance based on the sensory characteristics of food, concern about aversive 
consequences of eating) as manifested by persistent failure to meet appropriate 
nutritional and/or energy needs associated with one (or more) of the following:
Significant weight loss (or failure to achieve expected weight gain or faltering growth 
in children)
Significant nutritional deficiency
Dependence on enteral feeding or oral nutritional supplements
Marked interference with psychosocial functioning

B. The disturbance is not better explained by lack of available food or by an 
associated culturally sanctioned practice.

C. The eating disturbance does not occur exclusively during the course of anorexia 
nervosa or bulimia nervosa, and there is no evidence of a disturbance in the way in 
which one’s body weight or shape is experienced

D. The eating disturbance is not attributable to a concurrent medical condition 
or not better explained by another mental disorder. When the eating disturbance 
occurs in the context of another condition or disorder, the severity of the eating 
disturbance exceeds that routinely associated with the condition or disorder and 
warrants additional clinical attention

Specify if: In remission: after full criteria for avoidant/restrictive food intake 
disorder were previously met, the criteria have not been met for a sustained period 
of time.

Table 2: Side-effects and complications of (long-term) tube feeding (6, 7, 18)

Feeding disorders
Selectivity
Tube dependency
Oppositional and aversive behavior
Dysfunctional feeding situations
Interaction problems between parents and child
Gagging
Recurrent daily vomiting
Discomfort
Oversensitivity
Dumping syndrome
Skin eczema
Perforations
Infections
Dislocations
Leakage
Blockage
Aspiration
Airway blocking
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Prevention of tube dependency
Several recommendations to prevent tube dependency and to provide 
normal feeding in tube-fed children can be addressed, mostly based on the 
normal hunger-satiation system. Goals and strategies of the tube feeding 
should be defined and assessed in each patient, and tube weaning should 
be discussed when goals are achieved (7). Underlying problems such as 
cow’s milk allergy or gastroesophageal reflux disease should be diagnosed 
and treated properly to avoid aversive experiences (5, 7). Aiming to maintain 
the normal hunger-satiation system and stimulate oral activity and intake, 
oral feeding supplemented by tube feeding boluses or nocturnal tube 
feeding can be given. Early oral normalization programs should be offered 
and supervised by a speech-language pathologist or an occupational 
therapist (7, 18, 23). Oral feeding skills can be practiced by nonintrusive 
sucking (7, 18). The child should be involved in the mealtime environment 
with all sensory stimulations of foods (sight, smell, and sound) and have an 
adequate social interaction with family members (2, 5, 18). When the child 
is on boluses, the tube feeding should be given at that moment. Forced 
feeding and urged feeding should be avoided and forbidden (7). When long-
term tube feeding is expected, a percutaneous endoscopic gastrostomy 
(PEG) could be considered to reduce negative oral experiences and promote 
positive oral experiences (2, 5, 7).

Tube weaning methods
The transition from tube to oral feeding (weaning) may take only several 
days or weeks, but in others, it can be very challenging, lasting months to 
years (2-5). Since weaning can be very difficult, it is best accomplished 
with a multidisciplinary approach, including health care workers in the 
field of pediatrics, dietetics, psychology, speech-language pathology and/
or occupational therapy (8, 24, 25). The pediatrician is responsible for 
the overall medical well-being of the child and will take care of medical 
problems, diagnostics, consultations and medication. Furthermore, in 
most teams, the pediatrician coordinates the feeding team (8, 25). The 
dietician monitors the nutritional intake including micronutrients and 
anthropometrics and will assist in developing a weaning plan (2, 8). The 
psychologist determines the psychological and behavioral aspects of both 
child and their parents concerning feeding including cultural expectations, 
mealtime behaviors, and comorbid psychiatric diagnoses and can implement 
behavioral therapies (8, 25). The speech-language pathologist will assess 
whether a child has the skills to feed itself safely, and will therefore 
evaluate the oral motor feeding skills including swallowing. Furthermore, 
the speech-language pathologist can implement an oral motor program 
to improve swallowing or chewing coordination, treat feeding-related 

maladaptive behavior, and improve oral tolerance (2, 8). In some feeding 
teams an occupational therapist evaluates aspects concerning oral sensory, 
oral motor, and positioning of the child (8).

Multidisciplinary interventions for feeding disorders consist of parental 
teaching, nutritional, oral motor, sensory integration therapy, behavioral 
and other psychological interventions (8, 18, 22, 26). In most studies, tube 
dependency is treated with behavioral interventions, such as family based 
therapy, individual behavior therapy, neuro-linguistic programming, and 
parental anxiety reduction (21, 22, 26-29). Behavioral interventions are 
helpful in increasing oral intake and reducing fear of swallowing after a 
period of enteral feeding (22). Several other behavioral strategies can be 
used: structured meals, social modeling, and positive reinforcement (30). 
Attractive looking meals and favorite tastes, seeing other people eating (for 
instance other children at the daycare), and being in a room where meals 
normally occur can increase the intake (5).

Besides behavioral interventions, stimulating appetite is essential for tube 
weaning (30). Some appetite-inducing methods are also mentioned in the 
paragraph “Prevention of tube dependency” since these can be used both 
as prevention and treatment for tube weaning. Both boluses at daytime 
and continuous feeding at night can be used to stimulate appetite. When 
the child is on boluses at daytime, food should be offered orally before 
delivering the tube feeding to stimulate oral intake. On the other hand, 
feeding the child continuously by tube at night may stimulate oral intake 
during daytime. Another beneficial effect of nocturnal tube feeding is that 
the child is less aware of the tube feeding. When the child accepts some 
food orally, the total caloric intake of the tube feeding, which the child 
receives in 24 h, can be reduced to stimulate oral intake (5).

When earlier mentioned methods have not been successful, patients can 
be referred to a more intensive weaning program. Several studies use 
reducing or discontinuing tube feeding for appetite stimulation as weaning 
method (3, 28, 31-33). Various hunger-inducing weaning programs exist 
internationally, which may be home based (3, 34) or clinical (28, 32, 33). 
However, there is limited literature regarding the efficacy and safety of 
these programs (35).

Hunger-inducing weaning programs
Hunger-inducing methods for tube weaning are based on hunger induction 
given the fact that tube feeding reduces the child’s motivation to eat 
and drink. The control center for appetite is located in the hypothalamus, 
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and appetite is stimulated by energy intake reduction, which will lead to 
feeding in healthy children within a few hours. Hunger requires a complex 
interaction of sensory input, limbic and cortical modulators, visceral 
feedback, and hormonal effects (36). Rapid weaning of the tube feeding 
stimulates the experience of hunger, which is required to cure oral feeding 
aversion. Creating and stimulating hunger is the drive to start eating. This 
process is thought to become more complicated when tube dependency 
exists for a longer period (33).

One of the published models is the so-called “Graz-model”, which is 
based on two principles: inducing hunger by gradually reducing tube-fed 
volume (physical), and strengthening the child’s autonomy (psychodynamic). 
Individual and group interventions occur within a 3-week inpatient program 
(so-called eating schools). The child will be exposed to attractive small 
colorful dishes, the child’s autonomy is supported without any kind of 
forced feeding, and is as nondirective as possible (7). Recently, this model 
was also implemented in a web-based method (net coaching). No significant 
differences were found between patients (aged 0.21–23.65 years) regarding 
the success of complete weaning between net coaching (90.5%) and the 
inpatient program (81.3%) (34).

Another hunger-inducing program is the Dutch so-called clinical 
hunger provocation program, which contains an inpatient tube weaning 
program during the period of 2-3 weeks (33, 37). This is supported by a 
multidisciplinary team consisting of a pediatric gastroenterologist, speech-
language pathologist, dietician, clinical psychologist, child life specialist, 
and specialized nurses. During the first step, 50% of the normal tube 
feeding is given by tube by boluses. During the second step, oral feeding 
is offered by a nurse before the tube feeding boluses. During step 3 and 4, 
respectively, tube feeding and insensible loss are given at night. Parents 
can offer the oral feeding when the child has started to eat. In a pilot 
study, ten children (aged 9-21 months; mean 15.7 months) started to eat 
within the first week. After 6 months, 80% were still eating adequately and 
gaining weight without tube feeding (37). Based on these findings, a new, 
randomized controlled crossover study of 22 patients (aged 11-26 months; 
mean 16.3 months) was performed. This study showed an 86% (n = 18/21) 
efficacy (successful weaning) in the hunger provocation group (P < 0.001) 
compared to 9% (n=1/11) in the control group (outpatient treatment by the 
same multidisciplinary team and tube feeding reduction of 20-25%) after 
6 months. All these patients also showed weight gain during this follow-
up period (33).

A German study analyzed the follow-up for 1-3 years (median 2 years) 
after rapid home-based weaning (4-10 days) of tube-dependent children 
(aged 5-57 months; median 16 months). In this program, hunger is induced 
by gradually reducing the total original fluids and nutrition in 5 days until 
50% of original amount is achieved; after which, tube feeds are completely 
ceased (or reduced to minimally indicated minimal amount). At follow-up, 
84.6% (n = 33/39) of patients were fully tube free, 5.1% needed a tube 
for fluids or medication only, and 10.2% were still tube fed (3). To our 
knowledge, no other studies analyzing long-term effects of hunger inducing 
programs are published so far.

Medication
There is no data of how frequent medication is used to wean off tube 
feeding. Literature on this topic is scarce (38).
A gastrostomy tube weaning program in the USA used cyproheptadine as 
appetite stimulant in combination with a multidisciplinary 19 days during 
inpatient program in which tube feeds were also reduced. At discharge, 90% 
and after a year 83% of 30 patients (ages 3.9 ± 1.4 years) had discontinued 
gastrostomy tube feedings (32).

Davis et al. described a pain rehabilitation model in their 14 weeks during 
outpatient program in which tricyclic antidepressant (ig amitriptyline) 
and/or gabapentin, and appetite stimulant megestrol were prescribed. 
They hypothesized that food refusal could be the result of abdominal 
discomfort which is worsened by eating, due to pain nerve sensitization 
with hyperalgesia and allodynia in medically fragile toddlers (39). In 
addition, tube feeding was progressively reduced and all nine children 
were successfully (receiving 100% of their intake orally) weaned (39). 
However, a more recent randomized controlled trial of Davis et al. showed 
all patients transitioned to oral feeding regardless of group assignment 
(placebo or amitriptyline), suggesting that amitriptyline is not necessary 
for the transition (40).

A case report described two 24-month-old twin girls with food refusal and 
fear of feeding, who started to eat 2 months after the start of fluoxetine 
(an SSRI) to target anxiety and fear of feeding (19).

Another case series of three patients with feeding disorders showed an 
increased oral intake and weight gain due to risperidone, after which enteral 
support was discontinued in two patients and reduced in one patient (38).
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We do not recommend the use of medication for tube weaning so far 
as limited evidence on pharmacologic interventions is available and due 
to possible side effects, such as CNS depression, sleep disturbances, 
drowsiness, palpitations, respiratory infections, gastro-intestinal 
complaints, and anticholinergic effects.

CONCLUSION AND RECOMMENDATIONS

Tube dependency does have health-, psychosocial-, and economic-related 
consequences. Therefore, prevention is of great importance, and when tube 
dependency does develop, weaning as soon as possible is recommended.

Several treatment options are available. Most studies are based on 
behavioral interventions, and may include family therapy, individual behavior 
therapy, neuro-linguistic programming, and parental anxiety reduction. 
Other therapies exist of nutritional modifications, oral sensorimotor skill, 
or sensory integration therapy. Hunger-inducing methods are very effective 
on short term in children with tube dependency, but long-term effects 
should be further investigated.

We advise referral to a multidisciplinary feeding team, with extensive 
experience in this field to find the most optimal treating approach for the 
tube-dependent child. We do not recommend the use of medication due 
to limited evidence and possible side effects.
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SUMMARY

Background & aims: The incidence of tube feeding dependency seems to 
increase worldwide, and these children may remain on prolonged tube 
feeding for many months to years. The multidisciplinary clinical hunger 
provocation (CHP) program is an intensive inpatient intervention of usually 
2-3 weeks, aimed at weaning children from tube feeding. CHP has been 
proven highly effective on the short term (80-86%), particularly when 
applied before the age of two years but long-term data are lacking. The 
aims of our study were to determine the long-term efficacy of the CHP 
program and factors associated with success or failure and to assess 
anthropometrics, feeding behavior, and medical outcomes at long-term 
follow-up.

Methods: All tube-dependent children who underwent CHP at a tertiary 
hospital in Amsterdam, the Netherlands, between 2001 and 2014, and had 
a minimum follow-up of 12-months in 2015, were eligible to participate 
in this retrospective cohort study. During the CHP program, tube feeding 
is ceased stepwise to create appetite, according to a strict protocol. The 
program was defined successful if patients achieved oral intake and could 
be fully weaned from tube feeding following the CHP program. Acute 
malnourishment was defined as weight for height <-2 SD or loss of >1 SD 
within 3 months, chronic malnourishment as height for age <-2 SD and both 
acute and chronic malnourishment as both a height for age and weight for 
height <-2 SD. Long-term efficacy (tube free at varying follow-up periods), 
anthropometrics (height for age, weight for height), feeding behavior and 
medical outcomes were assessed by a structured cross-sectional parental 
interview.

Results: In total, 57 patients were admitted to the CHP program. Fifty-two 
patients could be contacted of whom 42 participated in the study (response 
rate 81%) with a median age at admittance of 19 (IQR 13-22) months (62% 
female). The program was initially successful in 36/42 (86% (Bca CI 95% 
75.0-95.2)) patients. A younger age upon initiation of tube feeding was 
negatively correlated with success (p 0.016). At follow-up, a median period 
of 67.0 (IQR 37.0-101.5) months after discharge, long-term efficacy was 32/41 
(78% (Bca CI 95% 64.1-90.0)) (1 missing data). Patients with a successful 
CHP had beneficial outcomes compared to those with an unsuccessful 
CHP, showing less selective eating behavior (p 0.025), nocturnal feeding 
(p 0.044), forced feeding (p 0.044) and hospital admissions (p 0.028). 
However, 44% of successfully weaned patients fulfilled the criteria for 
malnourishment at long-term follow-up (13% acute, 22% chronic, and 9% 

both acute and chronic (compared to 22% at admittance: 13% acute, 6% 
chronic, and 3% both)). 59.4% of successfully weaned patients showed signs 
of developmental delays or were diagnosed with new medical diagnoses 
(43.8%) at long-term follow-up.

Conclusions: The multidisciplinary CHP is a highly effective short-term 
(86%) and long-term (78%) intervention to wean young children from tube 
feeding, with beneficial feeding outcomes. However, at long-term follow-
up, many successfully weaned patients were malnourished, showed signs 
of developmental delay, and were diagnosed with new medical diagnoses. 
For these reasons, patients should be monitored carefully during and after 
tube weaning, also after successful CHP. Tube dependency might be an 
early expression of medical diagnoses.
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INTRODUCTION

Tube feeding is a vital support to ensure adequate nutrition in children with 
inadequate oral intake, wasting or stunting [1-3]. Once the child does no 
longer require tube feeding from the perspective of the underlying medical 
problem (e.g. prematurity, congenital heart disease), the transition from tube 
to oral feeding has been shown to be very challenging [2, 4-6]. Long-term 
tube feeding can result in tube dependency, which is defined as active food 
refusal despite being capable to eat and can be seen as a reactive eating 
behavior disorder [7-9]. Tube dependency arises from missing the sensitive 
period for developing normal feeding skills, repetitively experiencing 
negative oral stimuli (by tube placements and medical problems such as 
gastro-esophageal reflux disease, nausea, and vomiting), experiencing less 
positive oral stimuli (lack of experience), lacking appetite due to being tube 
fed, disruption of the hunger-satiation cycle and disturbing parent-child 
interactions at mealtimes resulting in avoidance of food, creating a vicious 
cycle maintaining the need for tube feeding [4, 7, 10-13]. These children 
may remain on prolonged tube feeding for many months to years [4, 10, 14, 
15]. Tube feeding can result in a myriad of side effects, such as gagging, 
nausea, vomiting, arching, fussiness, coughing, airway blocking, aspiration 
and apparent life threatening events [7, 9, 16-20]. In fact, the number of 
medical complications is correlated with the duration of tube feeding [15]. 
Furthermore, gastrostomy tubes can cause irritation, leakage, infection, 
and granulomata. Gastrostomy tube placement can cause bleeding and 
perforation. Psychosocial consequences such as parental distress and 
impaired parent-child interaction might also ensue [7, 21]. Additionally, 
tube feeding entails costs for tube materials, enteral formulas, and health 
care [7, 9, 16-20, 22, 23]. This emphasizes the importance to wean tube 
dependent children as soon as they are medically stable and should not 
rely on the tube feeding anymore [15]. The prevalence of tube dependency 
remains unclear, since it has not been officially recognized as a disorder 
[24]. However, it seems to increase worldwide, possibly due to improved 
medical care resulting in survival of children who would not have survived 
before [17, 22, 24]. Of the infants discharged from Neonatal Intensive Care 
Units with tube feeding, 67% is still tube-dependent at six months post-
discharge [20]. More than a third of parents of tube fed children in the 
Netherlands believe their child meets the definition of tube dependency 
[18].

Currently, the Diagnostic and Statistic Manual version 5 (DSM-5), has 
included feeding tube dependency within the criteria of avoidant/restrictive 
food intake disorder (ARFID) [8, 11, 17, 25, 26]. Tube weaning is challenging 

for parents as well as for healthcare professionals, and requires intensive 
multidisciplinary support. Tube weaning strategies may involve behavioral 
interventions, oral sensorimotor skill training, sensory integration therapy, 
medication, and nutritional modifications including appetite inducing 
methods [4, 5, 11, 17, 21, 27-29]. In our hospital, the clinical hunger 
provocation (CHP) program is incorporated as an option of standard care to 
wean tube dependent children [12, 30]. In healthy children, reducing energy 
intake creates appetite and induces oral intake within a few hours [31]. This 
idea is implemented in our program, which has a short-term efficacy of 
86% of patients being weaned off the tube, which was significantly higher 
compared to the control group (9%) (p < 0.001). The patients in the control 
group who failed to wean, were yet successfully weaned after reassignment 
to the CHP. However, data on long-term efficacy are lacking [12, 30]. Studies 
assessing appetite inducing programs described long-term success rates of 
78-92% [3-5, 32]. Since the main principle to induce appetite is the same, 
we suspected the success rate of our program to be comparable. Medical 
outcomes at follow-up were not described in other studies, while it would 
be interesting to know if (formerly) tube dependent children are at risk for 
certain medical or psychiatric disorders.

Therefore the aims of our study were to determine long-term efficacy of the 
CHP program and factors associated with success or failure and to assess 
anthropometrics (height for age and weight for height), feeding behavior, 
and medical outcomes at follow-up.

METHODS

Participants and procedure
All patients who were admitted to undergo the CHP program in one of the 
two locations of the Amsterdam UMC, the Netherlands, from the clinical 
implementation of CHP in 2001 and with a minimum of 12 months follow-
up, were eligible to participate in this study. The procedure prior to start 
of the CHP and the CHP program were published before and are described 
more extensive in appendix 1. Some of the patients in the present study 
participated in those studies as well [12, 30].

Letters containing information of the study were sent to the parents of 
the patients. Patients were included if patients and parents agreed to 
participate. Medical charts were reviewed retrospectively to assess age, sex, 
gestational age, birth weight, medical diagnoses, age starting tube feeding 
and outcome and duration of the CHP program. In case of prematurity, 
age was corrected for gestational age up to a corrected age of 24 months.
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Anthropometrics (height for age, weight for height) were assessed by 
growth charts at admittance, discharge, and three time points after the 
CHP program (T1: 6 months, T2: 12 months, T3: most recent). In case of 
Down syndrome, Noonan syndrome or 22q11 syndrome, the available disease 
specific growth charts for height were used.

A research physician performed a structured interview (see appendix 2) 
with the parents by telephone to assess long-term follow-up, including 
intake (percentage tube feeding, oral intake, dietary supplements), 
anthropometrics, feeding behavior response to food, food refusal, selective 
eating, mealtime behavioral problems, dysfunctional feeding practices, 
sleeping problems and medical outcomes (hospital admissions, medical 
and psychiatric diagnoses, medication and signs of developmental delay 
(as indicated by parameters such as the need for specialized education, 
therapy by speech language pathologist/physiotherapy, or earlier performed 
tests) after CHP program).

The Medical Ethical Committee of both locations approved the protocol 
and confirmed the Medical Research Involving Human Subjects Act (WMO) 
did not apply to our study.

Definitions
Medical conditions were categorized using the International Statistical 
Classification of Diseases and Related Health Problems 10th Revision (ICD-
10 Version: 2016) [33]. Small for gestational age was defined as birth weight 
below the 10th percentile and prematurity as gestational age less than 37 
weeks [34]. Patients were defined to be malnourished if weight for height 
was < -2 SD, or lost >1 SD within 3 months (acute malnourishment), or if 
height for age was < -2 SD (chronic malnourishment) [35].

The CHP program was defined as initially successful when the patient 
was fully weaned following admittance. The CHP program was defined 
successful at long-term follow-up when the patient was still tube free at 
cross-sectional follow up (more than 12 months after the program), without 
tube replacement being planned because of inadequate oral intake.

Statistical analyses
The Statistical Package for Social Science (IBM SPSS Statistics) version 25 
was used for data managing and analyzing. The Shapiro-Wilk test was used 
to test normality of continuous variables. Differences between patients who 
were and were not successfully weaned were analyzed using T-tests and 
Mann-Whitney U tests for normally and not normally distributed continuous 

variables, respectively. Fischer Exact tests were used to analyze differences 
between these groups for binary variables. The significance level was set 
to p < 0.05. The short and long-term success rates of the CHP program 
were generated on a bootstrapped 95% confidence interval (Bca CI 95%) 
based on 1000 samples.

RESULTS

Patient characteristics
In total, 57 children were admitted to the CHP program, 43 children in the 
VU Medical Center and 14 in the Academic Medical Center between April 
4, 2001 and May 15, 2015. Five patients had moved, and were lost to follow 
up. Parents of 52 patients were contacted, of whom 42 were included in 
the study after consent (response rate 81%). Table 1 depicts the baseline 
characteristics of these patients.

Short-term efficacy and factors associated with success and failure
The CHP program was initially successful in 36/42 patients (weaned during 
admittance n = 34, or at home directly n = 2), indicating a success rate of 
85.7% (Bca CI 95% 75.0-95.2). The program was discontinued in 6/42 (14.3%) 
(Bca CI 95% 4.9-25.0) patients, because of inadequate oral intake and/or 
weight loss (n = 5, 11.9%), or becoming ill (n = 1, 2.4%) during the program.

The median duration of the program was 14.0 (IQR 12.8-18.0) days, 14.0 (IQR 
12.3-17.8) for the successful, and 14.5 (IQR 12.5-20.8) for the discontinued 
programs (p 0.590).

Table 2 describes the patients characteristics associated with initial (and 
long-term) success or failure of the CHP program. The median age at 
initiation of tube feeding was significantly lower in the patients for whom 
CHP was unsuccessful (p 0.016). Trends were seen that patients for whom 
the CHP program was unsuccessful had a smaller SDS for height for age (p 
0.062) and were more often diagnosed with gastroenterological disorders 
(such as gastro-esophageal reflux disease, omphalocele, malrotation, 
congenital diaphragmatic hernia and others) (p 0.087).

Long-term efficacy and outcomes at cross-sectional follow-up
Cross-sectional parental interview revealed clinical outcomes of the 
patients at a median follow-up of 5.6 years (67.0, IQR 37.0-101.5 months) 
after the CHP program. The median age of the patients was 83 months 
(IQR 61-120 months).
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Table 1: Baseline characteristics of patients entering the CHP program.

n = 42

Age, months (median, IQR)a 19.2 (13.0 - 22.0)

Sex, female (n, %) 26 (61.9)

Gestational age, weeks + days (median, IQR) 38+1 (33+1 - 40+0)

Birth weight, grams (median, IQR) 2710 (1297.5-3298.8)

Medical diagnoses (n, %)

Gastrointestinal disorders 20 (47.6)

Respiratory diseases 19 (45.2)

Cardiac diseases 16 (38.1)

Prematurity 16 (38.1)

Small for gestational age 12 (28.6)

Neurological disorders 10 (23.8)

Infectious diseases 9 (21.4)

Genetic disorders 6 (14.3)

ENT disorders 5 (11.9)

Skin diseases 4 (9.5)

Eye problems 1 (2.4)

Malignancy 1 (2.4)

Other medical diagnosesb 13 (31.1)

Age commencing tube feeding, months (median, IQR)c 0.25 (0.0 - 3.8)

Height for age, SDS score (mean, SD)d,*** -0.54 (1.31)

Weight for height, SDS score (median, IQR)d -0.7 (-1.3 - -0.2)

CHP = clinical hunger provocation.
***Appropriate growth charts were used in case of Down syndrome, Noonan syndrome, 22q11 
syndrome.
a Age was corrected for prematurity up to corrected age of 24 months.
b Other medical problems/diagnoses were 1.) multiple dysmorphic features 2.) dysmorphic features, 
perinatal asphyxia and psychomotor delay, 3.) pectus excavatum/carinatum, 4.) hypothyroid, 5.) 
growth hormone deficiency, 6.) bladder clot and thrombosis vena cava inferior, 7.) palatoschizis 
and retrognathia and psychomotor delay, 8.) developmental delay, 9.) receiving erythrocyte and 
thrombocyte transfusion, 10.) renal dysplasia both sides, 11.) admittance due to fever of unknown 
origin and vomiting, sleeping problems, 12.) hip dysplasia, 13.) cheilognathopalatoschizis
c 1 missing data.
d 2 missing data.

Long-term efficacy and factors associated with success or failure
The long-term efficacy of the CHP was 32/41, indicating a success rate 
of 78% (Bca CI 95% 64.1-90.0) (see Fig. 1). One of the patients whose 
parents consented to participate in the study, could not be contacted for 
the interview. Baseline characteristics associated with long- (and short-)
term success are shown in Table 2. There were trends that being female 
(p 0.066), having genetic disorders (p 0.061), and a shorter median height 
(cm) at admittance (p 0.051) were associated with long-term failure of the 
program.

Fig 1: Flow chart patients

CHP = clinical hunger provocation 
Data concerning tube feeding at cross-sectional follow-up, 67.0 (IQR 37.0 – 101.5) months 
after the clinical hunger provocation program are shown within the blue frame. (For 
interpretation of the references to color in this figure legend, the reader is referred to 
the Web version of this article.)
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Oral intake and tube feeding
Three of 36 (8%) initially successfully weaned patients had an inadequate 
oral intake at cross-sectional follow-up. One patient with a history of 
abdominal surgery and multiple ventricular septal defects had an oral 
intake >75%, and was on partial tube feeding following a period of 
dehydration. Another patient with Noonan syndrome had <50% oral intake 
and needed additional tube feeding. This patient was later diagnosed with 
IgA and IgG deficiency and Currarino-Silverman syndrome. During data 
collection for this study tube replacement was planned in another patient 
due to inadequate intake. Three of 36 (8%) initially tube weaned patients 
with adequate intakes at cross-sectional follow-up had had a period of 
resumption of (partial) tube feeding: one had small amounts of nocturnal 
tube feeding during 6-18 months, one needed tube feeding temporarily due 
to illness and one because of commotio cerebri.

Only 2/6 (33%) of the patients who were unsuccessful at CHP, still were 
tube-dependent at cross-sectional follow-up. Both patients had genetic 
mutations. The first patient had oral intake below 50% and was fed through 
gastrostomy. The other patient had an oral intake more than 75% and had 
additional gastrostomy feedings. Four out of six patients who were not tube 
weaned during our CHP program, were weaned 2-3 weeks (n = 1), 2 months 
(n = 1), and 1.5 year (n = 1) post discharge; for one the weaning moment 
was unknown. The history of these patients is described more extensively 
in appendix 3.

Anthropometrics
Table 3 shows the anthropometrics of the patients at admittance before 
start of the CHP program, at discharge, at follow-up at T1, T2, and T3. No 
significant differences in anthropometrics were found between patients for 
whom the CHP was successful and unsuccessful at discharge and cross-
sectional follow-up. There was a trend of patients with CHP failure having 
a smaller SDS for height for age at admittance (p 0.062).

Figure 2 shows the height for age (SD) at admittance and follow-up of the 
patients who were successfully weaned during CHP and still were fully 
orally fed at long-term follow-up. Figure 3 shows weight for height (SD) at 
admittance, discharge, and long-term follow-up of the patients who were 
successfully weaned during the CHP program and still being tube-free at 
follow up.
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Fig 2: Median height for age (SDS) at admittance and follow-up after the CHP program 
of initially successfully weaned patients who were tube free at cross-sectional follow-
up (n = 32*).
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Fig 3: Median weight for height (SDS) at admittance, discharge, and follow-up after CHP program of 
initially successfully weaned patients who were tube free at cross-sectional follow-up (n = 32). 

 
§ mean. CHP = clinical hunger provocation. 
  

-0,5

-1,1§

-1,5

-1,3

-1,6

-1,4

-1,2

-1

-0,8

-0,6

-0,4

-0,2

0
Baseline FU 6 months FU 12 months FU 3 - 8,5 years

He
ig

ht
 fo

r a
ge

 (S
DS

)

-0,6

-1,9
-1,8

-1,4

-0,8 §

-2

-1,8

-1,6

-1,4

-1,2

-1

-0,8

-0,6

-0,4

-0,2

0
Baseline After therapy FU 6 months FU 12 months FU 3 - 8,5 years

)SDS( thgieh rof thgie
W

§ mean. CHP = clinical hunger provocation.

The anthropometrics of the individual patients who were successfully weaned 
and still tube free at long-term follow-up, are shown in appendix 4. Compared 
to initial anthropometrics at admittance (while being tube-fed), the height for 
age at cross-sectional follow up decreased ≥0.5 SD in 19/32 (59%), similar in 
9/32 (28%), increased ≥0.5 SD in 3/32 (9%) and unknown in one. The weight 
for height decreased ≥0.5 SD in 15/32 (47%), similar in 7/32 (22%), increased 
≥0.5 SD in 9/32 (28%), and unknown in one. The percentages of these patients 
being malnourished according to the definitions are shown in table 4. In total, 
7/32 (22%) patients fulfilled the criteria of malnourishment at admittance and 
13/32 (41%) at cross-sectional follow up.

Feeding behavior
Table 5 shows intake, feeding behavior and clinical outcomes at cross-sectional 
follow-up. Patients in whom the CHP program initially was unsuccessful more 
often required tube feeding after the program (p 0.000) and were more often 
force-fed by the parents (p 0.018).

Patients who were successfully weaned at long-term cross-sectional follow-
up had beneficial outcomes compared to patients with failed CHP, showing 
less selective eating behavior (p 0.025), nocturnal feeding (p 0.044), forced 
feeding (p 0.044), and hospital admittance after the CHP program (p 0.028). 
There was a trend that mealtime behavioral problems were less common in 
patients who were successfully weaned at long-term follow-up as compared 
to those who were not (p 0.053).

Fig 3: Median weight for height (SDS) at admittance, discharge, and follow-up after CHP 
program of initially successfully weaned patients who were tube free at cross-sectional 
follow-up (n = 32).
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Table 4: Successfully weaned patients who were still tube free at follow-up being 
malnourished.

Total n = 32 Admittance Discharge Follow-up

Acute malnourished, n(%) 4/32 (13%) 18/32 (56%) 4/32 (13%)

Chronically malnourished, n(%) 2/32 (6%) 7/32 (22%)

Acute and chronically malnourished, n(%) 1/32 (3%) 3/32 (9%)

From the patients in whom the CHP program was successful at long-term 
follow-up (n = 32), in 7 (22%) the parents reported that feeding problems 
had resolved directly after the CHP. Of the patients experiencing feeding 
problems after the CHP program, feeding problems existed up to ages 12 
months in 26%, between 12 and 36 months in 22%, 3-10 years in 13%, over 
10 years in 4%, and up to cross-sectional follow-up in 13% (9 missing data). 
48% of the patients who were successfully weaned at long-term follow-
up liked (almost) all foods, the other patients rejected certain foods (3 
missing data).

Medical outcomes
A trend was seen that patients with initially failed CHP program more 
often used medication (such as laxatives, anti-emetics, growth hormone 
and others) (p 0.093). Trends also suggested that patients who were still 
not weaned at long-term follow-up more often had mealtime behavioral 
problems (p 0.053) and medication started after CHP (p 0.067).
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Of the 32 patients in whom the CHP program was successful at long-
term follow-up, more than half (59%) had signs of developmental delay (1 
missing data). Hospital admissions occurred in 34% because of PEG tube 
removal (n = 1), anaphylaxis (n = 1), interventional heart catheterization, 
drainage abscess, paralytic ileus, and dyspnea (n = 1), commotio cerebri 
(n = 1), intestinal problems and eye problems (n = 1), pulmonary problems 
(n = 4), pulmonary problems and syncope (n = 1), and allergy testing (n = 1).

In 14 (44%) patients new conditions were diagnosed after the CHP: genetic 
disorder/syndrome (n = 4) (13q33.3-q34 deletion, floating harbour syndrome, 
Coffin Siris syndrome, anterior operculum syndrome), autism spectrum 
disorder (n = 3), autism spectrum disorder and allergy (n = 1), attention 
deficit disorder (n = 1), pneumonia (n = 2), epilepsy and cerebral visual 
problem (n = 1), asthma (n = 1), and cerebral palsy (n = 1).

Six of the nine (67%) patients in whom the CHP program was unsuccessful 
at long-term follow-up had signs of developmental delays. Hospital 
admissions after the CHP program occurred in 78% because of being less 
alert (n = 1), pharynx surgery (n = 2), PEG and PEG-J (n = 1), dehydration and 
tube placement (n = 1), PEG, button, button perforation, fistula (n = 1), PEG, 
button, cholesteatoma, infected gastrostomy (n = 1). In 56% of the patients 
new conditions were diagnosed: in three genetic disorders/syndromes (22q11 
syndrome, SMURF-2 mutation, and an unspecified genetic mutation) and 
in one each Currarino Silverman syndrome and IgA and IgG deficiency, and 
butterfly vertebra and scoliosis.

DISCUSSION

This study shows that a 2-3 weeks lasting CHP program is highly effective 
to wean children below two years of age from tube feeding on short and 
long term. Younger age upon initiation of tube feeding was an independent 
risk factor for failure of CHP. However, many successfully weaned patients 
fulfilled the criteria for malnourishment at follow-up.

The short-term efficacy of the CHP was 86% as was found in our previous 
studies (80% [12] and 90% [30]). A systematic review (SR) by Sharp et al 
(2017) [11] reporting on 593 children included 6 studies regarding appetite 
manipulation with success rates of 44-90% at discharge [5, 11, 12, 24, 30, 
36, 37]. Other studies not included in the SR using appetite manipulation 
showed short-term success rates varying from 47 to 100% [2, 3, 7, 13, 14, 
23, 38-42]. Especially considering the high rate of previously unsuccessful 
other interventions to wean these challenging patients, these short-term 

efficacy rates may be considered to be high [24]. Creating appetite seems 
to be the key to recover the link between feeding and satisfying appetite 
[30]. Furthermore, in our and many other studies appetite manipulation 
was combined with behavioral intervention, nutritional education and oral-
motor/tactile stimulation, suggesting that a multidisciplinary approach is 
beneficial [11].

Our long-term success rate is 78%. Only few other studies included long-
term success rates. Marinschek et al. (2019) showed a long-term success 
rate of 92% 1-6 years after treatment (n = 259; median age 1.67 (0.22-
14.9) years) [32]. Brown et al. (2014) showed a 12 months efficacy rate of 
83% (n = 30; age 3.9 (±1.4) years) [5]. Wilken et al. (2013) showed that 81% 
remained off tube feeding after a median period of 2 years (range, 1-3 
years) (n = 31 (median age 16 months, range, 5-57) [3]. Finally, Wright et al. 
(2011), using a longer lasting (months to years) outpatient program (n = 41), 
showed that 78% had a normal diet after a median follow-up of 1.7 (range 
0.4–5.4) years [4].

Comparing anthropometrics at admittance with those at follow up, the 
percentage of patients being chronically malnourished according to the 
definitions seemed to increase. The height for age for the whole group, 
however, seemed to improve from 12 months to follow up. Only few 
studies assessing tube weaning strategies have published long-term 
anthropometrics, but the percentages of patients being malnourished were 
not reported. Marinschek et al. (2019) compared Z-score for body mass 
index (BMI) at discharge to the long-term follow-up and found no significant 
changes. They did not describe anthropometrics before weaning to long-
term follow-up, although this seems to be most relevant [32]. Mirete et 
al. (2018) found BMI Z-scores (n = 27) of −0.18 before weaning, −0.27 at 
discharge, and −0.26 at a median follow up of 22.4 months [23]. Brown et 
al. (2014) found no significant changes in BMI Z-score during treatment and 
at 12 months follow up (n = 13) [5]. Wilken et al. (2013) found a mean weight 
loss of 6.4±2.9% (n = 35) after their home based tube weaning program. 
No statistical differences in Z-scores for weight, height, and BMI before 
treatment and at follow-up 1-3 years later (n = 31) were found. However, 
the Z-scores for weight (-2.5) and height (-2.8) were already low before 
treatment [3]. Wright et al. (2011) described the Z-scores for weight (-2.2), 
height (-1.8) and BMI (-1.3) at follow-up after a median period of 1.7 (range 
0.4-5.4) years to be the same as directly after weaning, but a bit lower 
than before weaning [4]. Due to the observational design of our study, we 
are unable to draw firm conclusions regarding causality of malnourishment 
at follow up. One explanation could be that tube weaned patients did 
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not receive enough caloric intake after being successfully tube weaned. 
Considering most patients had pre-existent or later revealing medical and 
psychiatric diagnoses and many were malnourished before weaning despite 
tube feeding, however, suggest that (formerly) tube dependency is an early 
sign of their medical problems and these patients are prone to become 
malnourished with time. In fact, Wilken (2018) showed that more medically 
fragile patients receiving tube feeding, had weight, height and BMI values 
below the 3rd percentile than above the 49th percentile, despite having 
received tube feeding for at least three months (n = 146; age <50 months) 
[8].

Malnourishment is associated with less promising school results [43]. Indeed, 
many patients showed signs of developmental delay after the CHP program. 
However, considering the high rate of medical and psychiatric diagnoses 
we hypothesize that the developmental issues are better explained by 
comorbidity. In our experience, we see improvement, especially in speech 
language development during our program. Considering weight loss during 
several weaning strategies and our finding that many successfully weaned 
patients were malnourished and diagnosed with medical and psychiatric 
diagnoses at follow up, we believe it is necessary to follow tube weaned 
patients on the long term carefully. We suggest to perform anthropometrics 
twice a year and general well-being and physical examination once a year, 
or more frequently if indicated. Nutritional or other interventions should 
take place if necessary.

The type of medical diagnosis at initiation of the CHP program seemed not 
to be associated with success or failure of CHP. This is consistent with 
findings in other studies [32, 41]. It has been suggested that it is easier 
to wean younger patients off tube feeding [7, 10]. Several studies have 
reported on the efficacy or duration of specialized weaning strategies being 
correlated with age, age upon initiation of tube feeding, and duration of 
tube feeding. We did not find a statistically significant difference in age 
between patients with failed and successful CHP program, but we only 
included very young patients. Wright et al. (2011) found that patients older 
than 5 years of age, received more often artificial feeding at follow-up, or 
it took longer to cease the tube feeding compared to younger children [4]. 
Ishizaki et al. (2013) showed that patients who were younger, significantly 
more often ceased tube feeding before the age of 3 years and required 
shorter periods to cease the tube feeding [2]. Shine (2018) found that 
children with higher age or with a longer duration of tube feeding needed a 
longer period for tube weaning [22]. Mirete et al. (2018) found that a shorter 
duration of tube feeding (<24 months) correlated with success rate [23]. In 

our study a lower age upon initiation of tube feeding, was associated with 
higher risk for failure of the program.

We found that successfully weaned patients still being off tube feeding at 
follow up 5.6 years after CHP, seemed to have less selective eating behavior, 
nocturnal feeding, forced feeding by parents and hospital admissions. Other 
studies emphasize significant benefits of tube weaning strategies as well, 
such as improved mealtime behaviors, and decreased food refusal, forced 
feeding and parenting stress [3] [11].

It is important to note that tube dependency should be prevented in children 
in whom oral intake and digestion is not hampered by permanent medical 
problems. After defining specific nutritional and anthropometric goals of 
tube feeding, maintaining a normal regulation of hunger and satiation, and 
stimulating positive oral motor activity is warranted. If goals have been 
achieved, weaning should take place as soon as possible in order to improve 
the oral-motor skill development [7, 10, 17].

Both outpatient and inpatient appetite inducing programs have been 
described, with the latter being advantageous in monitoring potential 
complications [3, 11, 39]. To our knowledge, this study presents the longest 
follow-up after an appetite-inducing inpatient tube weaning strategy. Some 
limitations, however, have to be considered. Firstly, although we attempted 
to include all patients following CHP, the total number of included 
patients is not large, which is a problem of most studies assessing tube 
weaning. Due to our retrospective design, causality could not be assessed. 
Furthermore, since we relied on an interview at follow-up, selection bias 
and recall bias could have occurred. Some results, such as selective eating 
behavior, force feeding, behavior problems, were subject to the research 
physician’s judgement, and could have been interpreted differently by other 
clinicians. Since patients with failed CHP had no standardized follow-up in 
our hospital, their anthropometric measurements 6 and 12 months after 
CHP were unavailable. The analyses between successful and unsuccessfully 
weaned patients were hampered by small numbers of unsuccessfully 
weaned patients, low occurrence rate of some parameters and multiple 
testing.

Other tube weaning programs should also report anthropometrics before, 
directly after and for longer periods after the program. It would be 
interesting to assess development and behavior of tube dependent patient 
before and after the CHP with validated tools. If prospectively controlled 
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studies would also report on factors contributing to success or failure, 
these data could be used to create a clinical prediction model.

CONCLUSION

The multidisciplinary CHP program is a highly effective intervention to wean 
young children from tube feeding on both short and long term. However, 
growth, general wellbeing and development, should be monitored carefully 
in patients after tube weaning, since comorbidities and malnourishment 
are common at follow up.

APPENDIX 1. SUPPLEMENTARY DATA

Procedure prior to start of CHP program
Patients with tube dependency were referred to the outpatient clinic to meet 
our multidisciplinary feeding team, including a pediatric gastroenterologist, 
a child psychologist, a speech therapist and a dietician. Eligibility for our 
CPH program was determined during consultation. Patients relying on the 
tube for medication and children with disorders restricting the oral intake 
at the moment of outpatient clinic visit were excluded to participate in CHP. 
Patients with resolved medical issues such as prematurity and patients with 
surgically corrected anatomical abnormalities, or medical problems which 
should not restrict an oral intake at the moment of visit at the outpatient 
clinic and therefore no longer require tube feeding based on underlying 
medical condition, were eligible. The dietician assessed anthropometrics 
(height for age, weight for height), and type of tube feeding. The speech 
therapist evaluated sensorimotor feeding skills, especially the possibility 
of safe oral feeding and swallowing. The psychologist assessed psychiatric 
comorbidity in patients and parents, parent-child interaction and parental 
capacity. Eligible patients were planned for the CHP program, if parents 
gave informed consent.

CHP program
Both locations of our tertiary care academic hospital used the same CHP 
program protocol. Tube-dependent children with ages up to approximately 
24 months (corrected for prematurity) were admitted to the hospital. At day 
1 and 2, tube feeding was reduced to 50% of preadmission levels. A nurse 
administered tube feeding in four daily sessions in a special room free of 
distractions. At day 3 and 4, oral feedings were offered by the nurse, after 
which tube feeding was supplemented in amounts to meet the 50% goal 
after subtraction of the oral intake. Day 5 and 6 were the same, but tube 
feeding supplementation was postponed until the night. From day 7 onward, 
supplementation of oral feedings was stopped, but if the oral intake was 
less than the calculated insensible loss (400 ml/m2), water was given by 
tube at night to meet the insensible loss. This step could take several days. 
The CHP program was halted if the child loss ≥15% of admission weight. In 
case of nasogastric tube feeding the tube was removed once the child’s 
oral intake exceeded insensible loss. Then, one of the parents was allowed 
to attend the feeding session with the nurse. The next day the same parent 
started to feed the child themselves under the guidance of a nurse. If this 
went well, a test day at home was successful without weight loss, the 
child was discharged and followed-up in the outpatient clinic. Behavioral 
approaches were incorporated into the CHP program: feeding sessions 
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were structured, they started with a song followed by offering two thick-
fluid meals with different tastes and appearances (one after another), and 
ended with a reward, independent of the child’s intake. Parental education 
and coaching was provided by the psychologist and a child’s life specialist.

APPENDIX 2: QUESTIONNAIRE TELEPHONIC PARENTAL 
INTERVIEW (TRANSLATED FROM DUTCH)

What are the anthropometrics of the child?
	 Height (in cm)
	 Weight (in kg)
Does the child have tube feeding at the moment?
Did the child receive tube feeding after the clinical hunger provocation 
program?
	 Yes
	 No
How much of the total intake is orally ingested:
-	 Full (oral intake 100%)
-	 Partial:
o	 Oral intake <50%
o	 Oral intake >50% <75%
o	 Oral intake >75%
Does the child use dietary supplements (Fantomalt, Calogen, etc)
	 Yes, namely...
	 No
How does the child react during mealtimes?
-	 Positive
-	 Negative
-	 Indifferent
Are there mealtime behavior problems?
	 Yes
	 No
Does the child have sleeping problems?
	 Yes
	 No
Does the child still have eating/feeding problems?
-	 Food refusal
-	 Selective eating behavior
Do parents use…?
-	 Nocturnal feeding
-	 Persecutary feeding

-	 Forced feeding
-	 Mechanistic feeding
-	 Distraction during feeding
Until how many months after the clinical hunger provocation program did 
the feeding problems occur?
Which food does the child like and dislike?
Is your child under supervision of health care practitioners (pediatrician, 
speech language pathologist, dietician, other)?
	 Yes, namely…
	 No
Has the child been admitted to the hospital after clinical hunger 
provocation?
	 Yes
	 No
Is the child diagnosed with medical/psychiatric diagnoses after clinical 
hunger provocation program?
	 Yes, namely…
	 No
Does the child use medication?
	 Yes, namely…
	 No
Are there signs of developmental delays?
	 Yes, namely..
	 No

APPENDIX 3

Only 2/6 (33%) of the patients with initial unsuccessful CHP, still were 
tube dependent at cross-sectional follow-up. One of the patients 
had a microcephaly with a mutation in the ABCC8-gene with neonatal 
hyperinsulinism and hypoglycemia. This patient had an oral intake <50% and 
was additionally tube fed through a percutaneous endoscopic gastrostomy 
(PEG) getting bolus feeding during daytime, and by percutaneous 
endoscopic gastrostomy jejunal tube (PEG-J) at night. The other patient 
had an extensive history associated with prematurity (including patent 
foramen ovale, intraventricular hemorrhage, sepsis), ventriculo-peritoneal 
drain, atrial septum defect, and cheilognathopalatoschizis. This patient had 
an oral intake of >75%, and was fed by a PEG additionally and obtained 
intensive behavioral feeding therapy. Additionally, this patient was later 
diagnosed with a unique genetic mutation.
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Four out of six patients who were not tube weaned during our CHP program, 
were weaned after the program. Two of these patients were discharged 
with partial tube feeding and were fully weaned post discharge in 2-3 
weeks (n=1) and 2 months (n=1). One patient was suspected for a genetic 
syndrome of unknown origin, was treated by another intensive behavioral 
feeding therapy and was fully weaned 1,5 year after discharge from our 
program. This patient still only eats thick fluids and therefore receives 
intensive behavioral feeding therapy to extend the feeding pattern. Another 
patient with a 22q11-deletion, omphalocele, atrial ventricular septal defect, 
left vena cava superior, and an lusorian artery received a PEG for feeding, 
which was changed to a button after our program.
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THESIS SUMMARY

Food intake is essential for health, growth and development of children 
(1). The normal feeding process is a complex process, which involves many 
biopsychosocial factors (2) (3) (4). Disturbance of these factors can lead 
to feeding problems subsequently (4). Feeding problems comprise a broad 
spectrum varying from picky eating to food avoidance and tube dependency 
(5). In general, the term ‘feeding disorders’ is used if these feeding problems 
threaten the health, growth and/or development of the child (5). Many 
children with feeding disorders have a complex medical history, such as 
prematurity or neurological, cardiorespiratory or gastrointestinal disorders 
(6) (7). Worldwide, feeding disorders are defined, diagnosed and classified in 
various ways by different disciplines (8) (9). Feeding problems are common 
in childhood, but the prevalence rate depends on the definition being 
used and population being studied (10). Various disciplines, such as the 
pediatrician, dietician, speech language pathologist en clinical psychologist 
can be involved (11). Interdisciplinary treatment is preferred in complex 
feeding disorders in children (11) (12). Treatment strategies may involve 
parental education, oral sensory motor and chewing training, nutritional 
interventions and psychological and behavioral therapy (13). Part I of this 
thesis involves pediatric feeding and feeding problems in general, part II 
pediatric and parental psychosocial associations of feeding disorders, part 
III tube feeding and part IV tube weaning in children.

PART I - FEEDING PROBLEMS AND DISORDERS

Part I of this thesis involves pediatric feeding and feeding problems and 
disorders in general and in children with gastrointestinal disorders. Chapter 
1 describes feeding and feeding problems in children with Inflammatory 
Bowel Disease (IBD). Chapter 2 places feeding, feeding behavior and feeding 
problems in perspective regarding the current COVID-19 pandemic.

Feeding problems are common in medically complex children (7). IBD 
comprises Crohn’s Disease, ulcerative colitis, and IBD-unclassified. In 
chapter 1 food intake, growth and food avoidance in children with IBD (10-18 
years of age, n=102) was compared to children from the general population. 
Children with IBD had a lower intake of energy (kilojoule/day), lower ratio 
of energy intake/estimated requirements, lower intake of carbohydrate 
(grams/day), similar protein intake (grams/day) and higher fat intake (grams/
day). Fruit and vegetable intake was larger in children with IBD. Z-scores for 
height and BMI were -0.39 and 0.36, respectively. Growth failure (Z-score 
for height <-1.64) was prevalent in 11% and acute malnourishment (Z-score 

for weight-for-height <-2) in 3% of children with IBD. Food avoidance, in 
order to prevent abdominal complaints, was prevalent in 53% of children 
with IBD. Especially spicy (46%), high-fat (30%) and dairy (30%) food 
products were avoided. In clinical practice, it is important to pay attention 
to food intake and growth in children with IBD.

In 2020, the world was threatened by the COVID-19 pandemic. The Dutch 
government, as other governments, set nationwide restrictions in order to 
reduce transmission and decrease the burden for health care. Chapter 2 
brings feeding and eating problems in perspective of the current COVID-19 
pandemic. The Multidisciplinary Board of patient’s association Nee-eten! 
developed a questionnaire, which was completed by parents of children 
(<12 years of age) with feeding and eating problems (n=129) and healthy 
children without feeding and eating problems (n=111). Parents of children 
with feeding and eating problems reported more stress of both the child 
and parents, worse eating by the child, more negative interactions between 
family members and less support from the environment than before the 
COVID-19 pandemic as compared to healthy children. Furthermore, many 
treatments of children with feeding and eating problems and disorders 
were organized differently, postponed, or even cancelled. The COVID-19 
pandemic and subsequent governmental restrictions seemed to have great 
impact on children with feeding and eating problems and their parents as 
well.

PART II - PEDIATRIC AND PARENTAL PSYCHOSOCIAL 
ASSOCIATIONS OF FEEDING DISORDERS

Part II focuses on pediatric and parental psychosocial associations of 
feeding disorders. The fifth edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5) describes Avoidant Restrictive Food Intake 
Disorder (ARFID), which is characterized by inability to maintain growth, 
nutritional deficiencies, tube or supplement dependency or limitations in 
psychosocial functioning (8). The quality of life incorporates physical and 
psychosocial impact of a disorder on a child’s daily life (14). Chapters 3 and 
4 describe the health related quality of life of children with ARFID and their 
parents. Chapter 4 also evaluates distress of parents.

Chapter 3 concerns a cross-sectional study, in which we compared health 
related quality of life in children (0-10 years of age) fulfilling the criteria 
for ARFID (n=64) to healthy and chronically ill children. Depending on age, 
children and/or their parents completed one of the questionnaires (TNO-
AZL Preschool Children Quality of Life, TAPQOL; Pediatric Quality of Life 
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Inventory, PedsQL). The health related quality of life of young children (0-5 
years of age) was lower on several domains compared to healthy (appetite, 
lungs, stomach, motor functioning, positive mood and liveliness) and 
chronically ill children (appetite, stomach, motor functioning, liveliness). 
The health related quality of life of the domain problem behavior was higher 
compared to healthy and chronically ill children. The health related quality 
of life of children with ARFID with and without tube feeding did not differ. 
Considering the small population of older children (6-10 years of age), these 
results remained explorative. In clinical practice, it is important to assess 
the health related quality of life in various domains in order to tackle and 
guide feeding related problems in (psychosocial) functioning. Especially the 
clinical psychologist can play a key role. Furthermore, the health related 
quality of life should be included as outcome measure in clinical studies.

We studied the health related quality of life of both parents (n=85 mothers, 
n=62 fathers) of children with ARFID (0-10 years of age; n=89, same 
population as chapter 3) in chapter 4. Parents completed a questionnaire to 
assess their health related quality of life on several domains (Questionnaire 
for Adult’s Health Related Quality of Life, TAAQOL). Most domains did not 
differ with those of parents of healthy children. Only mothers of children 
with ARFID had a higher health related quality of life on the domain pain, 
and fathers a lower health related quality of life on depressive emotions. 
Furthermore, parents completed a questionnaire regarding distress (Distress 
Thermometer for Parents). The total distress and clinical distress scores 
from parents of children with ARFID did not differ to those of healthy and 
chronically ill children. Mothers of children with ARFID had more distress 
concerning cognitive problems compared to mothers of healthy children and 
more problems concerning parenting problems of children aged 0<2 years 
compared to both mothers of healthy and chronically ill children. Fathers of 
children younger than 2 years of age with ARFID had more distress on the 
domain parenting problems compared to fathers of healthy and chronically 
ill children. Besides, several other daily problems were more common in 
parents of children with ARFID. Both mothers and fathers of children with 
ARFID reported lack of understanding from the environment compared to 
parents of healthy children. Furthermore, both parents of children with 
ARFID indicated to want to talk to a professional more often. Mothers of 
these children also reported a lack of support from the environment. In 
clinical practice, it is important to pay attention to these findings and refer 
to relevant health care professionals if necessary. Parental health related 
quality of life and distress as outcome measures should be evaluated in 
clinical studies.

PART III - TUBE FEEDING

In children with inadequate food intake, tube feeding can be lifesaving in 
ensuring food intake and growth (15). Part III including chapters 5 and 6 
comprise studies related to tube feeding in children.

The prevalence rate of children receiving home tube feeding seems to 
increase worldwide (16). In chapter 5, we assessed the prevalence rate of 
children receiving home tube feeding in the Netherlands by linking data 
from Medicines and Devices Information Project of the National Health 
Care Institute to population related data from Statistics Netherlands. The 
prevalence rate of the past years was 83-92:100,000 children/year. The 
peak prevalence was at age 1 year (234:100,000), after which the prevalence 
rate decreased with increasing age (to 50:100,000 in children aged 10-17 
years). Furthermore, parents of children receiving home tube feeding 
(n=279) completed a questionnaire in order to assess characteristics of 
these children, tubes and tube feeding. Almost 90% had at least one 
medical diagnosis, of which congenital abnormalities (42%), perinatal 
problems (38%) and neurological disorders (16%) were most common. 
Several disciplines were involved in treating these children. Children had 
gastrostomy tubes (60%), nasogastric tubes (33%) or others (7%). The tube 
replacements were experienced as traumatic in 56.7% of the children. 
Parents of 74% of the children reported side-effects concerning tube 
(feeding), of which vomiting (37%), lack of appetite (29%) and gagging (29%) 
were most common. 35.8% of the parents suspected their child to have 
become tube dependent while the primary cause for tube feeding had 
already been resolved. Children received tube feeding (68.5%), breast or 
formula feeding (21.5%) and blended diet (5%) by tube. 71% received boluses 
and 41.9% only in daytime. Presumably, the prevalence rate of home tube 
feeding is even higher, because we could not include infants receiving 
breast/formula feeding. In clinical practice, it is important to assess side-
effects and negative experiences of tube replacements. Future studies 
should evaluate if side-effects can be reduced by adapting feeding and 
feeding schedules.

A percutaneous endoscopic gastrostomy (PEG) tube can be considered when 
children are expected to require tube feeding for longer periods (1). Since 
2010, we provide prophylactic antibiotic treatment before PEG placement 
following our local hospital protocol. In chapter 6, we compared the 
incidence of wound infections and other complications of PEG placement in 
children (0-18 years) retrospectively, in children with (n=78; 2010-2013) and 
without (n=219; 2000-2010) prophylactic antibiotic treatment following our 
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local hospital protocol. Neurological disorders (259%), metabolic diseases 
(19.5%) and genetic disorders (18.5%) were the most common underlying 
diseases. Surgical complications occurred in 22.7% and post-surgical 
complications in 38.7%. Wound infection occurred in 20.2% of the children. 
The incidence of wound infections did not differ between the two groups. 
Fever and leakage were less frequent, duration of hospital stay was shorter, 
but granulation tissue was more prevalent in children with prophylactic 
antibiotic treatment. Besides, 37 children received antibiotics (before this 
was inserted in our protocol), because of medical indications. Therefore, 
we also compared the occurrence of complications in the overall group 
of children receiving antibiotics (following hospital protocol or medical 
indication, n=115) with the group of children not receiving antibiotics (n=182). 
The incidence of wound infection, fever, and leakage did not differ, duration 
of hospital stay was shorter, but granulation tissue was more common in 
children receiving antibiotics. Possibly, prophylactic antibiotic treatment 
before PEG placement is not effective in reducing wound infections. Our 
findings, however, should be confirmed by double-blinded randomized 
studies.

Long-term tube feeding can lead to tube dependence with persisting 
feeding problems subsequently, after resolving the primary (medical) reason 
for tube feeding (15) (17).

PART IV - TUBE WEANING

Part IV focusses on tube dependence and treatment of tube dependence.
This part starts with chapter 7, a narrative review regarding the development, 
prevention and treatment of feeding tube dependency. Tube dependency 
may arise from a disturbed development of the hunger-satiation system in 
tube fed children. The motivation to eat can be reduced by being satiated 
with tube feeding. Tube fed children may experience less positive oral 
stimulation and more negative experiences in the mouth and throat, for 
instance by nasogastric tube replacements. All these factors could result 
in food avoidance and disturbed parent-child interactions. Maintaining 
the normal hunger-satiation system plays a key role in prevention and 
treatment of tube dependency. Intensive multidisciplinary treatment is 
possible by programs including intensive behavior therapy and inducing 
appetite, such as the clinical hunger provocation or Graz method.

The multidisciplinary clinical hunger provocation program is a Dutch 
method to wean young tube dependent children rapidly (within 2-3 weeks) 
(18) (19). The stepwise protocol includes reducing and discontinuation of 

tube feeding to induce hunger. We retrospectively assessed the efficacy 
on short term, and cross-sectionally the outcomes on long term following 
the clinical hunger provocation program in chapter 8. The short-term 
efficacy was 86%, and younger age at start of tube feeding was negatively 
associated with success rate. In addition we evaluated medical outcomes, 
growth and feeding behavior by telephonic parental interview (n=42) at a 
median follow-up of 5.5 years. The long-term efficacy was 78%. Selective 
eating behavior, night feeding, forced feeding, and hospital admittance 
occurred less often in children who were successfully tube weaned as 
compared to those who were unsuccessfully weaned by the clinical hunger 
provocation program. However, 44% of the successfully weaned children 
fulfilled criteria of malnourishment (weight-for-height < 2 SD, loss >1 SD 
within 3 months, and/or height for age <2 SD). Furthermore, 59.4% of the 
weaned children showed signs of developmental delays and 43.8% had new 
medical or psychiatric diagnoses. In clinical practice, we find it important 
to follow growth and development in children who are tube weaned. Tube 
dependency at young age might be a predictor of developmental problems 
and medical/psychiatric issues.
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES

Feeding disorders comprise heterogeneous feeding problems, causing 
concerns regarding health, growth and development. In addition, several 
classification systems and diagnoses for feeding disorders are used. This 
is probably the reason that reported prevalence rates of feeding problems 
and disorders in childhood vary extensively. Many biomedical, psychological 
and sociocultural risk factors, associations and outcomes can be involved 
in the development and prolongation of feeding disorders, resulting in many 
interventional approaches by several disciplines. Inconsistent results are 
described concerning prognosis and outcomes related to feeding behavior, 
nutrition, growth and development of children with feeding disorders.

Definitions and classifications
Several diagnoses and classifications for feeding disorders are used in the 
medical and psychiatric field, such as Pediatric Feeding Disorder (PFD) and 
Avoidant/Restrictive Food Intake Disorder (ARFID) (supplementary 1) (1, 2). 
The criteria of these diagnoses show some similarities, such as nutritional 
deficiencies, reliance on tube feeding and/or supplements, and psychosocial 
dysfunction (1, 2). Consequently children may fulfill criteria of both diagnoses. 
The provided diagnosis may, therefore, depend on the professional’s 
profession, experience or preference. The criteria of PFD and ARFID, however, 
show important inconsistencies as well. For example, children with feeding 
disorders originating from medical disorders are explicitly excluded from 
the diagnosis ARFID, while this is not the case in PFD (1, 2). For that reason, 
more children would fulfill criteria of PFD than ARFID.

Prevalence rates
The enormous range of prevalence rates of feeding problems and disorders 
in the general population (1.4-78.5%) (3-24) reflects the lack of a universally 
accepted definition or classification system. This hampers generalizability 
of results and may impede management and treatment of children with 
feeding problems and disorders. Uniformity of diagnosis and classification 
system covering the biopsychosocial origin and consequences is warranted. 
Though, even assessing a specific diagnosis (ARFID) within a sample, inter-
observer variability can lead to a very broad range of prevalence rates 
(25). Therefore, criteria should be more specified. Moreover, prevalence 
rates depend on studied population samples such as age, institution (for 
example hospital setting, rehabilitation clinic, behavioral therapy setting), 
and expertise of the professionals (26-28). Furthermore, prevalence rates 
depend on sociocultural background and type of feeding problem (29). 
Concerning the high prevalence rates of feeding problems, such as picky 

eating and neophobia, we consider these to be normal phenomenons in 
children, which has been suggested before (11). Considering an evolutionary 
perspective, these problems are thought to gain advantages so that children 
can explore the environment without the risk of being poisoned by eating 
toxic substances (30).

Risk factors
Many biomedical, psychological and sociocultural risk factors can be 
involved in the development of feeding problems and disorders. Certain 
risk factors may be more or less common depending on the population 
and institution (28). In line with others, we believe that risk factors are not 
cumulative, however, the interaction between factors involved seem to be 
important in the pathophysiology of feeding problems and disorders (31, 
32). In addition, we suggest that lack of accessibility to adequate expertise 
and feeding care may be interpreted as a risk factor for the development or 
deterioration of feeding disorders. This might be one of the reasons why we 
found impaired eating behavior of children with feeding problems compared 
to children without feeding problems during the COVID-19 pandemic, where 
health care may have been postponed or organized differently (chapter 2). 
Many feeding disorders may originate from biomedical problems, but persist 
because of behavioral and parent-child interaction problems (33). The 
biopsychosocial model embraces all these factors in order to understand 
the development of feeding disorders in childhood (29). Inflammatory Bowel 
Disease (IBD) is an example of a biomedical condition associated with 
food avoidance (chapter 1). Pediatric patients report food avoidance (of 
spicy food for instance) because of abdominal complaints, however, the 
pathophysiology has yet to be revealed (34).

Outcomes
Many feeding disorder related biomedical, psychological and sociocultural 
outcomes have been described in the literature. To the best of our 
knowledge, we were the first to describe health related quality of life 
(HRQOL) in children with ARFID (chapter 3) and their parents (chapter 
4). In chapter 3, we found a lower HRQOL in young children with ARFID 
compared to healthy and chronically ill controls. This was in line with our 
hypothesis, since ARFID may lead to nutritional deficiencies, poor growth 
and development, and tube dependency. In a subsample, we did not find 
significant differences between ARFID patients with and without tube 
feeding, which might have been found with a larger sample size (27). We 
hypothesized that parental HRQOL and distress of children with ARFID 
would be impaired. Especially, since feeding the child is one of the most 
essential parental tasks (35). Based on our clinical experience, we expected 
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that parents would experience the inability to feed their child, as failure of 
their parental duties. In addition, pediatric feeding disorders may lead to 
disturbed mealtimes, problems with transferring feeding and care of their 
child to others, and therefore, more parental care with less time and energy 
for social activities and employment. In chapter 4, however, we found 
that parental HRQOL and distress scores generally did not differ with the 
control groups (36). The paternal HRQOL on depressive emotions was lower 
compared to controls, which was interesting considering fathers are often 
disregarded in literature (37). Furthermore, parents report specific everyday 
problems more often compared to controls. Additionally, parents of children 
with ARFID reported a lack of understanding from their environment, and 
requested to talk to a professional more often. As many other studies, our 
studies had a cross-sectional design, impairing the evaluation of causality.

Treatment
Management of feeding disorders may cover several strategies, such as 
caregiver education and therapy, psychological and behavioral therapy, 
speech language and occupational therapy, medical and pharmaceutical 
interventions, and nutritional interventions such as tube feeding (28, 29, 38-
40). In chapter 5, we found a prevalence rate of pediatric home tube feeding 
of 83-92:100,000 children/year in the Netherlands (41). This was probably 
an underestimation, because children receiving breast or formula feeding 
and blended diet (instead of tube feeding) through their tube could not be 
included in the registration. Side-effects were parent-reported in 74% of our 
sample. Tube dependency can be one of the side-effects of prolonged tube 
feeding. We described the development of tube dependency, in which children 
remain tube dependent while the original reason for tube feeding has resolved 
(42), which has health, psychosocial and economy associated consequences, 
in chapter 7 (43). Although the prevalence rate of tube dependency seems 
to have increased with increased use of tube feeding worldwide, the exact 
prevalence of tube dependency is uncertain, because it is not recognized as 
a separate disorder (28). It is, however, covered in criteria amongst several 
diagnoses such as ARFID (2). The diagnosis ARFID might be necessary 
for insurance issues. Nevertheless, it remains questionable whether it is 
ethically correct to provide a psychiatric diagnosis for a child suffering from 
an iatrogenic condition, which may negatively label the child for years. If 
tube feeding is expected to be necessary for a long term, a percutaneous 
endoscopic gastrostomy (PEG) procedure can be considered (44). In chapter 
6, we found no differences between children with and without antibiotic 
prophylaxis concerning wound infection rate after PEG procedure (45). 
Considering the retrospective design of the study, however, results should 
be interpreted with caution. After prolonged tube feeding, tube weaning can 

be challenging for patients, parents and health care professionals. Though, 
intensive multidisciplinary in- and outpatient treatment strategies for tube 
dependency, show high success rates on the short term, even though many 
patients received unsuccessful treatment strategies before (42, 46-55). 
The clinical hunger provocation program, which is a tube weaning program 
developed in the Netherlands, have high short-term success rates (51, 52). In 
an observational cohort study (chapter 8), we found a high success rate on 
the long term as well, with beneficial outcomes regarding feeding behavior 
in successfully weaned patients. However, high rates of malnourishment 
and newly diagnosed medical and psychiatric disorders were also found 
(56). Considering the observational design, it remains uncertain whether 
to recognize these outcomes as side-effects of the weaning program, or 
to recognize tube dependency as a risk factor for medical and psychiatric 
comorbidities later in life. Only few other studies concerning tube weaning 
assessed the long-term efficacy, anthropometrics and/or developmental 
outcomes (47, 50, 57, 58). To the best of our knowledge, we were the first to 
report later diagnosed comorbidities with the longest follow-up.

Prognosis
Contradicting large numbers of cross-sectional studies, relatively few 
longitudinal studies have been published. Considering ethical issues, of 
course, it is impossible to randomize children with feeding disorders with 
and without intervention on the long term. Therefore, longitudinal studies 
may consist of children with heterogeneous interventional backgrounds, 
which is a problem for generalizability of the results. This may be an 
explanation for conflicting results found concerning prognosis in children 
with feeding problems.

FUTURE PERSPECTIVES

Future studies
Multidisciplinary focus groups and consensus meetings including (parents 
of) children with feeding disorders and health care professionals should be 
planned, aiming to provide uniformity regarding definitions, classification 
systems and criteria embracing the biopsychosocial origin and outcomes 
of feeding disorders. Screening tools should be developed, after which 
reliability and validity should be confirmed. Furthermore, core outcome sets 
should be developed in order to compare outcomes of feeding disorders 
of different studies. It is of major importance that reliable and validated 
instruments to assess health, growth, behavior and development should 
be included. In addition, it would be interesting to reveal the biomedical 
pathogenesis of food avoidance in IBD (and other gastro-intestinal disorders) 
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(chapter 1). Data regarding growth and development of children, including 
those with feeding problems and disorders, from before the COVID-19 
pandemic, should be compared with data at the time of the COVID-19 
pandemic and afterwards to assess the impact of the pandemic (chapter 
2). Psychosocial outcomes such as HRQOL should be studied in older 
children with (ARFID or other) feeding disorders (chapter 3). HRQOL and 
distress questionnaires specific for feeding disorders should be developed 
for children with feeding disorders and their parents (chapter 4). HRQOL 
and distress in children and parents should be incorporated in a core 
outcome set as well, and should be assessed pre- and post-intervention, 
for instance before, during and after tube feeding. Children with feeding 
disorders (and their parents) from various clinical settings should be 
investigated. Furthermore, psychosocial outcomes including behavior and 
psychopathology in children with feeding disorders and their parents should 
be assessed in longitudinal studies in order to evaluate the direction of 
associations, which was impossible by our cross-sectional design. Those 
data could be used to develop prediction models. Randomized controlled 
trials (RCT)s should assess strategies to reduce side effects of tube 
feeding, such as the use of PEG versus nasogastric tube feeding, different 
tube feeding schedules (by day or through nights) and blended diet versus 
standard tube feeding (chapter 5). In our large retrospective study assessing 
antibiotic prophylaxis (chapter 6), we stated that our results should be 
confirmed by an RCT (45). Afterwards, an RCT has been published, showing 
that prophylactic antibiotic treatment did reduce wound infection rate (59), 
contradicting our study. Explanations for the different outcomes were our 
retrospective design impeding standardized evaluation of wound infections, 
risk of missing complications, and confounders within the different time 
periods we assessed the children with and without prophylactic antibiotic 
treatment. Long-term efficacy of other tube weaning programs should 
be assessed (chapter 8). Our prevalence rate data regarding tube feeding 
can be used to perform cost-analyses of tube feeding and weaning in the 
Netherlands (chapter 5). Furthermore, more attention and studies should 
focus on prevention of feeding disorders and tube dependency.

Clinical practice
In clinical practice, it is important to assess feeding behavior and food 
avoidance in children with gastrointestinal disorders (chapter 1). In children 
with feeding disorders, we suggest to assess HRQOL aiming to recognize 
problems and provide personalized care from appropriate health care 
disciplines. The pediatric clinical psychologist may play an important role in 
guiding children with psychosocial problems and their parents (chapter 3). 
Distress and everyday problems should be measured in parents of children 
with feeding disorders. Since they may feel misunderstood and lack support 

from their environment, we find it important to check interest in peer 
support for instance by referring them to patient organizations. In addition, 
they might benefit from professional support since they often have interest 
in talking to a professional regarding their circumstances (chapter 4). 
Considering health, psychological and economic related consequences of 
tube feeding (chapter 7), we suggest to set clear goals for tube feeding, 
follow children receiving tube feeding carefully (including monitoring side 
effects (chapter 5 and 6)) and continuously reevaluate the necessity of 
tube feeding, perform strategies in order to prevent tube dependency and 
food avoidance, and to wean the children as soon as possible. In children 
with complex feeding disorders, including tube dependency, we advise a 
multidisciplinary approach, involving several specialists and allied health 
professionals with their own expertise. We suggest that an interdisciplinary 
approach, in which team members from several disciplines discuss with 
each other, and may even question their own perspective aiming to 
accomplish their shared goals, is even more effective (60). It essential 
to involve patients and caregivers in these discussions in order to reduce 
communicational issues. Successfully and unsuccessfully tube weaned 
children should be followed, especially regarding health, anthropometrics 
and development (including medical/psychiatric symptoms) (chapter 8). 
During critical periods, such as the COVID-19 pandemic, we find it important 
to consider the impact of governmental restrictions and differently 
organized health care on families with vulnerable children (chapter 2).
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Supplementary 1: Diagnostic criteria for pediatric feeding disorder (PFD) and avoidant/
restrictive food intake disorder (ARFID):

Criteria for PFD directly retrieved  
from Goday et al (1)

Criteria for ARFID directly retrieved  
from DSM-5 (2)

“A. A disturbance in oral intake of 
nutrients, inappropriate for age, lasting 
at least 2 weeks and associated with 1 
or more of the following: 

1. Medical dysfunction, as evidenced by 
any of the following*:
a. Cardiorespiratory compromise during 
oral feeding
b. Aspiration or recurrent aspiration 
pneumonitis

2. Nutritional dysfunction, as evidenced 
by any of the following†:
a. Malnutrition
b. Specific nutrient deficiency or 
significantly restricted intake of one 
or more nutrients resulting from 
decreased dietary diversity
c. Reliance on enteral feeds or oral 
supplements to sustain nutrition and/
or hydration

3. Feeding skill dysfunction, as evidenced 
by any of the followingł:
a. Need for texture modification of 
liquid or food
b. Use of modified feeding position or 
equipment
c. Use of modified feeding strategies

4. Psychosocial dysfunction, as evidenced 
by any of the following§:
a. Active or passive avoidance behaviors 
by child when feeding or being fed
b. Inappropriate caregiver management 
of child’s feeding and/or nutrition needs
c. Disruption of social functioning 
within a feeding context
d. Disruption of caregiver-child 
relationship associated with feeding
B. Absence of the cognitive processes 
consistent with eating disorders and 
pattern of oral intake is not due to a 
lack of food or congruent with cultural 
norms.”

“A. An eating or feeding disturbance (e.g., 
apparent lack of interest in eating or 
food; avoidance based on the sensory 
characteristics of food; concern about 
aversive consequences of eating) 
associated with one (or more) of the 
following:

1.	 Significant weight loss (or failure 
to achieve expected weight gain or 
faltering growth in children).

2.	 Significant nutritional deficiency.
3.	 Dependence on enteral feeding or 

oral nutritional supplements.
4.	 Marked interference with 

psychosocial functioning.
B. 	The disturbance is not better 

explained by lack of available food or 
by an associated culturally sanctioned 
practice.

C. 	The eating disturbance does not 
occur exclusively during the course 
of anorexia nervosa or bulimia 
nervosa, and there is no evidence of a 
disturbance in the way in which one’s 
body weight or shape is experienced.

D. 	The eating disturbance is not 
attributable to a concurrent medical 
condition or not better explained 
by another mental disorder. When 
the eating disturbance occurs in 
the context of another condition or 
disorder, the severity of the eating 
disturbance exceeds that routinely 
associated with the condition or 
disorder and warrants additional 
clinical attention.

Specify if:
•	 	 In remission: After full criteria for 

avoidant/restrictive food intake 
disorder were previously met, the 
criteria have not been met for a 
sustained period of time.”

“The following International Classification 
of Functioning, Disability and
Health (ICF) categories apply to each of 
the criteria above and can be used to 
describe the functional profile of affected 
patients.
*Medical dysfunction: impaired functions 
of the cardiovascular and respiratory 
systems. †Nutritional dysfunction: any 
impaired body functions and structures, 
environmental factors (products and 
substances for personal consumption).
łFeeding skill dysfunction: limitations in 
activities/participation related to
eating.
§Psychosocial dysfunction: limitations 
in activities/participation related 
to interpersonal interactions and 
relationships.”
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NEDERLANDSE SAMENVATTING

Voedselinname is essentieel voor gezondheid, groei en ontwikkeling 
van kinderen (1). Het normale voedingsproces is een complex proces, 
waarbij meerdere biopsychosociale factoren een rol spelen (2) (3) (4). 
Verstoringen van deze factoren kunnen leiden tot voedingsproblemen 
(4). Voedingsproblemen variëren van kieskeurig eten tot volledige 
voedselweigering en sondevoedingsafhankelijkheid (5). Over het algemeen 
wordt van voedingsstoornissen gesproken, wanneer de problemen 
dusdanig van ernst zijn, dat ze een bedreiging vormen voor de gezondheid, 
groei en/of ontwikkeling (5). Veel kinderen met voedingsstoornissen 
hebben een complexe medische voorgeschiedenis, zoals prematuriteit of 
neurologische, cardiorespiratoire en gastro-intestinale aandoeningen (6) (7). 
Voedingsstoornissen worden wereldwijd en door verscheidene disciplines 
verschillend gedefinieerd, gediagnosticeerd en geclassificeerd (8) (9). 
Voedingsproblemen komen vaak voor bij kinderen, waarbij de prevalentie 
afhankelijk is van de gebruikte definitie en populatie (10). Verschillende 
disciplines, zoals de kinderarts, diëtist, logopedist en psycholoog, kunnen 
betrokken zijn (11). Bij complexe stoornissen verdient een interdisciplinaire 
behandeling de voorkeur, waarbij onder andere voorlichting en adviezen aan 
ouders, orale sensomotorische en kauwtraining, voedingsinterventies en 
psychologische en gedragstherapie kunnen worden ingezet (11) (12) (13). Deel 
I van dit proefschrift gaat over voeding en voedingsproblemen bij kinderen 
in het algemeen en bij bepaalde aandoeningen, deel II over psychosociale 
associaties van voedingsstoornissen bij zowel kind als ouders, deel III 
over sondevoeding en deel IV over het weanen, ofwel ontwennen van 
sondevoeding bij kinderen.

DEEL I - VOEDINGSPROBLEMEN BIJ KINDEREN IN HET 
ALGEMEEN EN BIJ SPECIFIEKE AANDOENINGEN

Deel I van dit proefschrift betreft voeding en voedingsproblemen bij 
kinderen in het algemeen en bij gastro-intestinale aandoeningen. Hoofdstuk 
1 gaat over voeding en voedingsproblemen bij Inflammatory Bowel Disease 
(IBD). Hoofdstuk 2 plaatst voeding, voedingsgedrag en voedingsproblemen 
in het licht van de huidige COVID-19 pandemie.

Bij kinderen met medische aandoeningen komen voedingsproblemen vaker 
voor (7). IBD omvat de Ziekte van Crohn, colitis ulcerosa en IBD-unclassified. 
In hoofdstuk 1 vergeleken we de voedselinname, groei en voedselweigering 
in kinderen met IBD (10-18 jaar oud, n=102) met de algehele populatie 
kinderen. Kinderen met IBD hadden een kleinere inname van energie 

(kilojoule/dag), lagere ratio energie-inname/geschatte behoefte en kleinere 
koolhydraatinname (gram/dag), eenzelfde eiwitinname (gram/dag) en hogere 
vetinname (gram/dag). Inname van groente en fruit was hoger bij kinderen 
met IBD. Z-scores voor lengte en BMI waren respectievelijk -0,39 en 0,36. 
Groeifalen (Z-score lengte <-1,64) kwam voor bij 11% en acute ondervoeding 
(Z-score voor gewicht-voor-lengte <-2) bij 3% van de kinderen met IBD. 
Voedselweigering om verslechtering van buikklachten te voorkómen, kwam 
voor bij 53% van de kinderen met IBD. Met name pittige (46%), vetrijke (30%) 
en zuivel- (30%) producten werden vermeden. In de klinische praktijk is 
het belangrijk oog te hebben voor adequate voedingsinname en groei in 
kinderen met IBD.

In 2020 werd de wereld opgeschrikt door de COVID-19 pandemie. Middels 
landelijke restricties probeerde de Nederlandse overheid, net als die van 
andere landen, de verspreiding tegen te gaan om de zorg te ontlasten. 
Hoofdstuk 2 plaatst voedings- en eetproblematiek bij kinderen in het licht 
van deze pandemie. De Multidisciplinaire Adviesraad van patiëntvereniging 
Nee-eten! ontwikkelde een vragenlijst, die online door ouders van kinderen 
(<12 jaar oud) met voedings- en eetproblemen (n=129) en gezonde kinderen 
zonder voedings- en eetproblemen (n=111) ingevuld werd. Ouders van 
kinderen met voedings- en eetproblemen rapporteerden meer stress 
bij zowel kind als ouders, slechter eten door het kind, een negatievere 
manier van omgaan met gezinsleden en minder steun vanuit omgeving 
dan voor de COVID-19 pandemie vergeleken met gezonde kinderen. Tevens 
gaven veel ouders van kinderen met voedings- en eetproblemen aan dat 
de behandelingen voor hun kind anders werden georganiseerd, uitgesteld 
of zelfs geannuleerd. De COVID-19 pandemie en daaraan gerelateerde 
restricties vanuit de overheid, leek dan ook een grote impact op zowel 
kinderen met voedings- en eetproblemen als hun ouders te hebben.

DEEL II – PSYCHOSOCIALE ASSOCIATIES BIJ 
KINDEREN MET EEN VERMIJDENDE/RESTRICTIEVE 
VOEDSELINNAMESTOORNIS EN HUN OUDERS

Deel II is toegespitst op de psychosociale associaties van 
voedingsstoornissen bij zowel kind als ouders. De vijfde editie van de 
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) beschrijft 
Avoidant/Restrictive Food Intake Disorder (ARFID), ofwel een vermijdende/
restrictieve voedselinnamestoornis (8). Deze aandoening kenmerkt zich 
door een afbuigende groeicurve, voedingsdeficiënties, afhankelijkheid 
van voedingssupplementen of sondevoeding of beperkingen van het 
psychosociaal functioneren (8). De kwaliteit van leven beschrijft de impact 
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van een aandoening op het dagelijks leven van een kind, dat niet alleen 
fysieke klachten, maar ook het psychosociale functioneren omvat (14). De 
hoofdstukken 3 en 4 beschrijven de kwaliteit van leven van kinderen met 
een vermijdende/restrictieve voedselinnamestoornis en die van hun ouders. 
Daarnaast geeft hoofdstuk 4 de lasten van ouders weer.

Hoofdstuk 3 betreft een cross-sectionele studie waarin we de kwaliteit 
van leven in kinderen (0-10 jaar oud) die voldeden aan de criteria van een 
vermijdende/restrictieve voedselinnamestoornis (n=64) vergelijken met 
die van gezonde en chronisch zieke kinderen. Afhankelijk van de leeftijd 
vulden de kinderen en/of hun ouders een vragenlijst in (TNO-AZL Preschool 
Children Quality of Life, TAPQOL; Pediatric Quality of Life Inventory, PedsQL). 
Jonge kinderen (0-5 jaar oud) hadden een lagere kwaliteit van leven op 
verschillende domeinen vergeleken met gezonde (eetlust, longen, maag, 
motorisch functioneren, positieve stemming en levendigheid) en chronisch 
zieke kinderen (eetlust, maag, motorisch functioneren, levendigheid). 
Verrassend genoeg was de kwaliteit van leven voor probleemgedrag hoger 
vergeleken met gezonde en chronisch zieke kinderen. De kwaliteit van leven 
bij kinderen met een vermijdende/restrictieve voedselinnamestoornis met 
en zonder sondevoeding verschilde niet van elkaar. Aangezien slechts een 
klein aantal kinderen van 6-10 jaar oud geïncludeerd werd, beschouwden 
we deze resultaten als exploratief. In de klinische praktijk is het belangrijk 
om de kwaliteit van leven in meerdere domeinen te bepalen om ook 
problemen naast de aan voeding gerelateerde problemen in (psychosociaal) 
functioneren op te sporen en begeleiden. Met name de kinderpsycholoog 
kan daarbij een belangrijke rol spelen. Tevens dient kwaliteit van leven als 
uitkomstmaat in klinische studies meegenomen te worden.

In hoofdstuk 4 onderzoeken we daarom met een cross-sectionele studie 
de kwaliteit van leven en lasten van beide ouders van kinderen (0-10 jaar 
oud; zelfde populatie als hoofdstuk 3) met een vermijdende/restrictieve 
voedselinnamestoornis (n=85 moeders en 62 vaders van 89 kinderen). 
Ouders vulden een vragenlijst in om de mate van kwaliteit van leven te 
bepalen (Questionnaire for Adult’s Health Related Quality of Life, TAAQOL). 
Deze verschilde op de meeste domeinen niet met die van ouders van 
gezonde kinderen. Moeders van kinderen met een vermijdende/restrictieve 
voedselinnamestoornis hadden echter een hogere kwaliteit van leven op 
het domein pijn en vaders een lagere kwaliteit van leven op het domein 
depressieve emoties. Tevens werden lasten door ouders ingevuld in een 
vragenlijst (Last Thermometer voor Ouders, LTO). De algehele en klinische 
lastscore verschilden niet met die van ouders van gezonde en chronisch zieke 
kinderen. Moeders uit de onderzoekspopulatie hadden wel meer lasten op 

het gebied van cognitieve problemen vergeleken met moeders van gezonde 
kinderen en meer problemen in de opvoeding van 0 tot 2-jarigen vergeleken 
met moeders van zowel gezonde als chronisch zieke kinderen. Vaders van 
kinderen met een vermijdende/restrictieve voedselinnamestoornis hadden 
meer lasten op het gebied van opvoedingsproblemen van 0 tot 2-jarigen 
vergeleken met vaders van zowel gezonde als chronisch zieke kinderen. 
Verschillende dagelijkse problemen kwamen ook vaker voor bij ouders 
van kinderen met een vermijdende/restrictieve voedselinnamestoornis. 
Zowel moeders als vaders rapporteerden vaker onbegrip vanuit de 
omgeving vergeleken met ouders van gezonde kinderen. Verder gaven 
zowel moeders als vaders van kinderen met een vermijdende/restrictieve 
voedselinnamestoornis vaker aan met een professional te willen spreken. 
Moeders van deze kinderen ervoeren daarnaast ook vaker onvoldoende 
steun vanuit de omgeving. In de klinische praktijk is het belangrijk oog voor 
deze zaken te hebben en indien nodig naar professionele hulpverlening 
te verwijzen. Verder zijn de kwaliteit van leven en lasten van ouders 
interessante uitkomstmaten voor klinische studies.

DEEL III- SONDEVOEDING BIJ KINDEREN MET 
VOEDINGSSTOORNISSEN

Bij kinderen met onvoldoende orale voedselinname kan sondevoeding 
voedingsinname en groei waarborgen en daarmee levensreddend zijn (15). 
Deel III met de hoofstukken 5 en 6 omvat studies aangaande sondevoeding 
bij kinderen.

De prevalentie van kinderen die thuis sondevoeding krijgen lijkt wereldwijd 
toe te nemen (16). In hoofdstuk 5 onderzoeken we de prevalentie van 
kinderen die thuis sondevoeding krijgen in Nederland. Deze konden we 
bepalen door het koppelen van gegevens van het ‘Genees- en hulpmiddelen 
Informatieproject’ (GIP) van Zorginstituut Nederland aan bevolkingsgegevens 
van het Centraal Bureau voor de Statistiek. De prevalentie over de afgelopen 
jaren bedroeg 83-92:100.000 kinderen per jaar. De prevalentie vormde een 
piek bij kinderen van 1 jaar oud (234:100.000), waarna deze daalde met het 
toenemen van de leeftijd (tot 50:100.000 bij 10-17-jarige kinderen). Ouders 
van kinderen met sondevoeding (n=279) vulden een door ons ontworpen 
vragenlijst in om de kenmerken van deze kinderen, sondes en sondevoeding 
te bepalen. Bijna 90% van de kinderen had een of meerdere medische 
diagnose(s), waarbij congenitale afwijkingen (42%), perinatale problemen 
(38%) en neurologische aandoeningen (16%) het meeste voorkwamen. 
Verschillende (para)medische disciplines waren betrokken bij deze kinderen. 
De kinderen hadden een gastrostomiesonde (60%), neusmaagsonde (33%) 
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of anders (7%). Van de kinderen met een neusmaagsonde ervoer 56,7% de 
plaatsingen als traumatisch volgens ouders. Ouders van 74% van de kinderen 
rapporteerden bijwerkingen door de sonde(voeding), waarbij braken (37%), 
gebrek aan eetlust (29%) en kokhalzen (29%) het meeste voorkwamen. 
35,8% van de ouders vermoedden dat hun kind sondevoedingsafhankelijk 
was hoewel de primaire oorzaak reeds opgelost was. Sondevoeding (68,5%), 
borst-/kunstvoeding (21,5%) en blended diet (5%) stonden op het menu; bij 
71% alleen in bolussen en bij 41,9% slechts overdag. Vermoedelijk lag de 
werkelijke prevalentie van sondevoeding bij kinderen nog hoger, omdat we 
met name zuigelingen met borst-/kunstvoeding niet konden includeren. 
In de klinische praktijk is het voor hulpverleners belangrijk bijwerkingen 
en negatieve ervaringen door het plaatsen van sondes te inventariseren. 
Toekomstige studies zullen moeten uitwijzen of bijwerkingen verminderd 
kunnen worden door het aanpassen van voeding en voedingsschema’s.

Wanneer kinderen langdurig sondevoeding nodig hebben, kan een percutane 
endoscopische gastrostomie (PEG) worden overwogen (1). Sinds 2010 geven 
wij volgens ons ziekenhuisprotocol profylactisch antibiotica voorafgaand aan 
PEG-plaatsingen. In hoofdstuk 6 vergeleken we middels een retrospectieve 
studie de incidentie van wondinfecties en andere complicaties bij het 
plaatsen van een PEG in kinderen (0-18 jaar) met (n=78; 2010-2013) en 
zonder (n=219; 2000-2010) profylactisch antibioticagebruik volgens 
ziekenhuisprotocol. De meest voorkomende onderliggende aandoeningen 
waren neurologische afwijkingen (25,9%), metabole stoornissen (19,5%) en 
genetische afwijkingen (18,5%). Chirurgische complicaties kwamen voor bij 
2,7% en post-chirurgische complicaties bij 38,7%. Wondinfectie kwam bij 
20,2% van de kinderen voor. Het vóórkomen van wondinfecties verschilde 
niet tussen de twee groepen. Koorts en lekkage kwamen minder vaak voor, 
de opnameduur in het ziekenhuis was korter, maar wild vlees kwam vaker 
voor in kinderen die profylactisch antibioticagebruik kregen. Daarnaast 
kregen 37 kinderen om medische redenen antibiotica (voordat antibiotica 
volgens ziekenhuisprotocol standaard gegeven werd). We vergeleken daarom 
ook nog complicaties in de algehele groep kinderen die antibiotica gekregen 
heeft (volgens ziekenhuis en/of medische indicatie, n=115) met de groep 
die geen antibiotica (n=182) gekregen heeft. De incidentie van wondinfectie, 
koorts en lekkage verschilde niet, de ziekenhuisduur was korter, maar wild 
vlees kwam vaker voor bij antibioticagebruik. Mogelijk is het gebruik van 
profylactische antibiotica voorafgaand aan PEG-plaatsing bij kinderen niet 
zinvol om wondinfecties te verminderen. Dubbelblinde gerandomiseerde 
studies zullen dit resultaat echter moeten bevestigen.

Op de lange termijn kan sondevoeding leiden tot sondevoedingsafhankelijkheid 
met persisterende voedingsproblemen, ook nadat de primaire (medische) 
reden voor de sondevoeding voorbij is (15) (17).

DEEL IV - SONDEVOEDINGSAFHANKELIJKHEID

Helaas kan langdurige sondevoeding sondevoedingsafhankelijkheid tot 
gevolg hebben, waarbij voedingsproblemen persisteren nadat de primaire 
(medische) oorzaak voor de sonde reeds opgelost is (15) (17). Deel IV van 
dit proefschrift gaat over sondevoedingsafhankelijkheid en de behandeling 
ervan.

Hoofdstuk 7 is een narrative review, waarin we het ontstaan, voorkómen 
en behandelen van sondevoedingsafhankelijkheid beschrijven. 
Sondevoedingsafhankelijkheid ontstaat door een verstoorde ontwikkeling 
van het honger-verzadigingssysteem bij sondegevoede kinderen. Doordat 
zij verzadigd zijn met sondevoeding, is de motivatie om te eten kleiner. 
Verminderde positieve orale stimulatie leidt tot een ervaringstekort, terwijl 
de kinderen veelal wel negatieve prikkels in het mond-keelgebied kennen 
(zoals het herplaatsen van een neusmaagsonde). Tezamen leidt dit tot 
voedselweigering en een verstoorde ouder-kindinteractie. Bij het voorkómen 
en behandelen van sondevoedingsafhankelijkheid ligt de nadruk op het 
handhaven van het normale honger-verzadigingssysteem. Intensievere 
multidisciplinaire begeleiding is mogelijk door middel van programma’s 
met intensieve gedragstherapie en eetluststimulatie, zoals de klinische 
hongerprovocatie of de Graz-methode.

De multidisciplinaire klinische hongerprovocatie is een methode om jonge 
sondevoedingsafhankelijke kinderen snel (binnen 2-3 weken) te weanen 
(18) (19). Volgens een strikt protocol wordt de sondevoeding gedurende 
verschillende stappen afgebouwd en uiteindelijk volledig gestaakt om 
honger te induceren. In hoofdstuk 8 onderzoeken we retrospectief de 
effectiviteit op korte termijn en cross-sectioneel de uitkomsten op lange 
termijn na klinische hongerprovocatie. Op korte termijn was de effectiviteit 
86%, waarbij een jongere leeftijd bij start sondevoeding was geassocieerd 
met een lager succespercentage. Na gemiddeld 5,5 jaar interviewden we 
(n=42) ouders telefonisch om medische uitkomsten, groei en voedingsgedrag 
te evalueren. Op lange termijn was de effectiviteit 78%. Selectief 
eetgedrag, nachtelijk voeden, gedwongen voeden en ziekenhuisopnames 
kwamen minder vaak voor bij de kinderen die succesvol van de sonde 
waren ontwend, vergeleken met kinderen bij wie dit met de klinische 
hongerprovocatie niet gelukt was. Bij de succesvol geweande kinderen, 
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voldeed echter 44% aan de criteria voor ondervoeding (gewicht-voor-lengte 
<-2 SD of >1 SD daling in 3 maanden, of lengte <-2 SD). Tevens vertoonde 
59,4% van de geweande kinderen tekenen van ontwikkelingsachterstand en 
bij 43,8% waren nieuwe medische of psychiatrische diagnoses gesteld. In 
de klinische praktijk vinden we het belangrijk dat kinderen die van de sonde 
ontwend zijn, gemonitord worden om groei en ontwikkeling te vervolgen. 
Sondevoedingsafhankelijkheid op jonge leeftijd zou een voorspeller voor 
ontwikkelingsproblemen en medische/psychiatrische problematiek kunnen 
zijn.
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MA, Haverman L and Kindermann A. Health related quality of life of infants 
and children with avoidant restrictive food intake disorder. Int J Eat Disord 
2019; 52(4): 410-418.

Krom H, van Zundert SMC, Otten MAGM, van der Sluijs Veer L, Benninga 
MA and Kindermann A. Prevalence and side effects of pediatric home tube 
feeding. Clin Nutr 2019; 38(1): 234-239

Diederen K, Krom H, Koole JCD, Benninga MA and Kindermann A. Diet 
and Anthropometrics of Children With Inflammatory Bowel Disease: A 
Comparison With the General Population. Inflamm Bowel Dis 2018; 24(8): 
1632-1640.

Krom H, de Winter JP and Kindermann A. Development, prevention, and 
treatment of feeding tube dependency. Eur J Pediatr 2017; 176(6): 683-688.

Other
Tel MR, Veenje-Smits L, Kindermann A, Krom H. Sondevoedingsafhankelijkheid 
en het weanen (ontwennen) van sondevoeding bij kinderen. Voedingskennis.
nl (voorheen Informatorium voor Voeding& Diëtetiek, uitgever Bohn Stafleu 
van Loghum)

Veenje-Smits L, de Haan E, Krom H. Get rid of ARFID: een bio-psycho-
sociale benadering. Ned Tijdschr voor Voeding & Diëtetiek. 2021;76(5): 12-17.

Krom H, van Schuppen J, Elshout G, van der Feen C, Hellingman CA, de 
Jonge R, Kindermann A, Smit MJM, Venmans LMAJ and Tabbers MM. Ingestie 
van corpora aliena bij kinderen van 0-18 jaar. Nieuwe Nederlandse richtijn 
[Foreign body ingestion in children 0-18 years]. Imago 2020; (2): 51-53

Krom H, Elshout G, Hellingman CA, Kindermann A, van Schuppen J and 
Tabbers MM. Klinische les: Ingestie van corpora aliena bij kinderen [Foreign 
body ingestion in children]. Ned Tijdschr Geneeskd 2019; 163(7): 16-21

Krom H, Venmans LMAJ and Tabbers MM. Richtlijn ‘Ingestie van corpora 
aliena bij kinderen 0-18 jaar’ [Guideline ‘Ingestion of foreign bodies in 
children aged 0-18 years’]. Ned Tijdschr Geneeskd 2019; 163.

Krom H, Visser M, Hulst JM, Wolters VM, Van den Neucker AM, de Meij TGJ, 
van der Doef HPJ, Norbruis OF, Benninga MA, Smit MJM and Kindermann 
A. Serious complications after button battery ingestion in children. Eur J 
Pediatr 2018; 177(7): 1063-1070.

Krom H, Sprangers, van den Berg FR, Benninga MA and Kindermann A. 
Transverse Myelitis as Manifestation of Celiac Disease in a Toddler. 
Pediatrics 2017; 139(3).

Krom, H and Kindermann A. Voedselweigering bij jonge kinderen [Food 
refusal in young children]. Magazine Kinderverpleegkunde 2017; 23(3):16-9

Krom H, Sprangers F, van den Berg R, Benninga MA, Kindermann A. Myelitis 
transversa als uiting van coeliakie [Transverse myelitis as manifestation of 
celiac disease]. Magma 2017; 23(3): 127

Krom H, van Gasselt MW and Weijer O. Een zuigeling met onbegrepen 
huiduitslag [A baby with unexplained skin rash]. Ned Tijdsch Geneeskd 
2016; 160: A9321
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Guidelines
Tabbers MM, Venmans LMAJ, Krom H, van der Feen C, Smit MJM, Hellingman 
CA, Kindermann A, Schuppen J van, Elshout G, Jonge RR de. Ingestie van 
corpora aliena bij kinderen van 0-18 jaar. NVK-richtlijn [Guideline Ingestion 
of foreign bodies in children aged 0-18 years on behalf of the Dutch Pediatric 
Association] (www.nvl.nl). 2019

Book chapters
Maris R. Hoofdstuk 44 – H. Krom. In: Over leven met ARFID – Gesprekken met 
ervaringsdeskundigen en professionals over selectieve voedselweigering. 
Maris R. Kampen: Aldo Manuzio; 2021.

Kindermann A and Krom H. Hoofdstuk 53: Voedingsstoornissen bij jonge 
kinderen [Feeding disorders in young children]. In book: Compendium 
kindergeneeskunde [Compendium pediatrics]. Derksen-Lubsen, G et al. 
(Red.). Houten: Bohn Stafleu van Loghum, onderdeel van Springer Media 
B.V.; 2018.

Krom H, Nusman C and Kindermann A. Hoofdstuk 27: Voedingsproblemen 
bij jonge kinderen [Feeding problems in young children]. In book: Werkboek 
Voeding voor zieke kinderen [Working book Feeding for the ill child]. Joosten 
KFM, Waardenburg Dv, Kneepkens CMF (Red.). Amsterdam: VU University 
Press; 2017.
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Phd Portfolio

Year Workload 
(ECTs)

1. PhD training   

Graduate School courses

Advanced topics in biostatistics 2019 2.1

Clin. Epid. 1: Randomized Clinical Trials 2018 0.6

Computing in R 2018 0.4

Clin. Epid. 3: Evaluation of Medical Tests 2018 0.9

Clin. Epid. 2: Observational Clinical Epidemiology Effects 
and Effectiveness

2017 0.6

Oral Presentation in English 2017 0.8

Evidence Based Searching 2017 0.1

Project Management 2017 0.6

Embase/Medline via Ovid 2017 0.1

Didactical Skills 2017 0.4

Clin. Epid. 4: Systematic Reviews 2017 0.7

Clinical Data Management 2016 0.3

Searching for a Systematic Review 2016 0.1

Citation Analysis and Impact Factors 2016 0.1

EndNote 2016 0.1

Scientific writing in English for Publication 2016 1.5

Practical Biostatistics 2015 1.1

The AMC World of Science 2015 2015 0.7

Other courses

Newborn Life Support (SSHK) 2022 0.3

Introductiecursus JGZ, A-certificaat (NSPOH) 2020 1.3

Infant Mental Health ('t Kabouterhuis) 2020 0.6
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Year Workload 
(ECTs)

Biologische grondslagen: Neuropsychologie en 
Psychofarmaca (Open Universiteit)

2020 5

Biologische grondslagen: Cognitie (Open Universiteit) 2020 5

Advanced Pediatric Life Support (SSHK) 2020 1.3

Early Feeding Skills Assessment (Hanzehogeschool) 2019 0.6

EHBO bij baby’s en kinderen (NCOI) 2019 0.2

Paediatric Basic Life Support (European Resuscitation 
Council)

2019 0.5

Ontwikkelingspsychologie (Open Universiteit) 2018 5

Basic Life Support (European Resuscitation Council) 2017 0.1

Inleiding in de Psychologie (Open Universiteit) 2017 10

Basic Course on Regulations and Organisation for Clinical 
Researchers (BROK) (EMWO)

2015 0.9

ABCDE en BLS/ALS voor artsen (ExpertCollege) 2015 0.3

Seminars, workshops and master classes

Doctor on Board (KNMG) 2022 0.1

Kick off training Stevig Ouderschap, Nederlands Centrum 
Jeugd en Gezin (NCJ)

2021 0.1

Pediatric gastroenterology research meeting, bimonthly 2015-2020 0.5

Diner Pensant, twice yearly seminar on pediatric 
gastroenterology

2015-2020 0.5

Master Class De Duin en Kruidberg Voedingsdagen, 
Santpoort Noord, the Netherlands

2019 0.5

Nutrition Summer School, Lago Maggiore, Italy (ESPGHAN) 2019 0.9

Master Class Enteral nutrition for neonates, infants and 
children, Zagreb, Kroatië (ESPGHAN)

2018 0.5

SLAM-presentation training (NVK) 2018 0.1

FameLab Presentation and performance training (British 
Council)

2018 0.9

Gastrointestinal motility research meeting, monthly 2015-2017 2.0

Masterclass Voedselweigering bij jonge kinderen, V&VN, 
Amsterdam, the Netherlands

2017 0.25

Young Investigator Forum (ESPGHAN), Bergen, the 
Netherlands

2017 2.0

The Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) workshop – 
Therapy

2016 0.3

Year Workload 
(ECTs)

Young Investigator Day (TULIPS Child Health) 2016 0.5

Oral presentations

Do antibiotics reduce the incidence of infections after 
percutaneous endoscopic gastrostomy placement in 
children? (webinar)

2021 0.5

   Young ESPGHAN webinars

Health-related quality of life of parents of children with 
avoidant restrictive food intake disorder (webinar)

2021 0.5

   Amsterdam Pediatric Symposium, Amsterdam, the 
Netherlands

Do antibiotics reduce the incidence of infections after 
percutaneous endoscopic gastrostomy placement in 
children? (webinar)

2020 0.5

   Digestive Disease Days (online), Dutch Society for 
Gastroenterology Meeting, Veldhoven, the Netherlands

Long term efficacy of clinical hunger provocation program 
to wean tube dependent children

2019 0.5

   ESPGHAN Nutrition Summer School, Lago Maggiore, 
Italy

Kwaliteit van leven bij jonge kinderen met ARFID 2019 0.5

   SCEM symposium 'Voedingsproblemen bij jonge 
kinderen', Ede, the Netherlands

Ingestie van corpora aliena bij kinderen 0-18 jaar - een 
evidence based richtlijn

2019 0.5

   Dutch Pediatric Association, Arnhem, the Netherlands

Clinical hunger provocation program to wean tube 
dependent children - short and long term efficacy and 
outcomes

2019 0.5

   Nutricia Breakfast symposium, Amsterdam Pediatric 
symposium, Amsterdam, the Netherlands

Foreign bodyingestion in children 0-18 years - an evidence 
based guideline

2019 0.5

   Amsterdam Pediatric Symposium, Amsterdam, the 
Netherlands

Selective eating behavior - years after being weaned from 
tube feeding

2018 0.5

   ESPGHAN Master Class in Clinical enteral nutrition, 
Zagreb, Croatia

Ernstige complicaties na batterijingestie bij kinderen in 
Nederland

2018 0.5
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Year Workload 
(ECTs)

   Dutch Pediatric Association, Arnhem, the Netherlands

Are button batteries innocent household products? 
Serious complications after button battery ingestion in 
children

2018 0.5

   Famelab, Amsterdam, the Netherlands

Pediatric home tube feeding in the Netherlands – 
Prevalence and characteristics

2017 0.5

   Digestive Disease Days, Veldhoven, the Netherlands

Prevalence of pediatric home enteral feeding in the 
Netherlands

2017 0.5

   Amsterdam Pediatric Symposium, Amsterdam, the 
Netherlands

A challenging neurological case 2016 0.5

   Amsterdam Pediatric Symposium, Amsterdam, the 
Netherlands

Poster presentations

Health-related quality of life of mothers and fathers of 
children with avoidant restrictive food intake disorder

2021 0.5

   6th World Congress of Pediatric Gastroenterology, 
Hepatology and Nutrition, online

Long-term efficacy of clinical hunger provocation program 
to wean feeding tube dependent children

2019 0.5

   European Society for Paediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN), Glasgow, Scotland

Health related quality of life in young children with 
avoidant restrictive food intake disorder

2018 0.5

   Digestive Disease Week (DDW), Washington, DC, USA

Severe complications after button battery ingestion in 
paediatrics

2018 0.5

   European Society for Paediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN), Geneva, Switzerland

Prevalence and effects of pediatric home tube feeding in 
the Netherlands

2017 0.5

   European Society for Paediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN), Prague, Czech 
Republic

Health related quality of life in children (0-7 years old) 
with avoidant restrictive food intake disorder

2017 0.5

Year Workload 
(ECTs)

   European Society for Paediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN), Prague, Czech 
Republic

(Inter)national conferences

Landelijk Expertise Centrum Kindermishandeling (LECK) 
congres

2021 0.25

HEVAS Online Congres: Vasculaire Geboortevlekken 2020 0.1

Psychiatrie en zwangerschap, Medilex, the Netherlands 2020 0.25

Amsterdam Pediatric Symposium, Amsterdam, the 
Netherlands

2016-2020 1.25

European Society for Paediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN), annual meeting

2017-2019, 
2021

4.0

Congres Slapen, eten en zindelijk worden, Medilex, 
Amersfoort, the Netherlands

2017-2019 0.75

Not AFRAID of ARFID, Seyscentra/Universiteit van 
Maastricht

2019 0.25

Annual symposium European Postgraduate Gastro-
Surgical School (EPGS): De meest gestelde vragen aan de 
kinderarts MDL, Amsterdam

2015, 2017, 
2018

0.75

Congres Nederlandse Vereniging voor Kindergeneeskunde, 
Arnhem, the Netherlands

2018 0.25

Thema-avond Traumachirurgie, Spoed Zorg Net, 
Amsterdam, the Netherlands

2018 0.25

Digestive Disease Week (DDW), Washington, DC, USA 2018 1.0

Symposium Enterale voeding, Netherlands Society of 
Parenteral and Enteral Nutrition (NESPEN) en V&VN

2017 0.25

My little microbes book symposium, Doorn, the 
Netherlands

2017 0.25

Onderwijssymposium Blended Learning, Amsterdam UMC, 
the Netherlands

2017 0.25

Defecation problems in children, European Postgraduate 
Gastro-Surgical School (EPGS), Amsterdam, the 
Netherlands

2017 0.25

Jubileum congres NKD De slechte eter – de 
differentiaaldiagnose”, De kinderdiëtist CONTACT! – ”, 
Utrecht, the Netherlands

2016 0.25

Openingssymposium Diagnostisch Centrum 
Voedingsproblemen, Amsterdam, the Netherlands

2016 0.25

Other  
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Year Workload 
(ECTs)

Work visit pediatric feeding team, Heliomare, Heemskerk, 
the Netherlands

2020 0.1

Member of working group guideline Foreign body ingestion 
in children 0-18 years

2017-2019 6.9

Work visit pediatric feeding team, Seyscentra, Malden, the 
Netherlands

2019 0.1

Work visit eating school, Notube, de Rijp, the Netherlands 2015 0.1

Reviewing (Irish Journal of Medical Science, Nederlands 
Tijdschrift voor Kindergeneeskunde, Clinical Nutrition

2017, 2019, 
2020

1

Reviewing Dieetbehandelingsrichtlijn Eetproblemen 
bij kinderen: restrictief of selectief eetgedrag, 
voedselweigering en ARFID

2021 0.1

2. Teaching

Supervising

Bachelor thesis R. de Jong: Feeding problems in young 
children predicting psychiatric disorders in adolescence: 
a Review

2019 0.5

Extracurricular research internship M. Roovers: Quality of 
life of children with feeding disorders and characteristics 
of children with tube feeding

2016 0.5

Lecturing

Docent at ExpertCollege for several ABCDE and ALS 
courses (such as the acutely ill child) for clinical interns, 
nurses and doctors

2016-present 4

Several lectures for clinical interns, nurses, pediatric 
residents, and pediatricians

   Emma Children’s Hospital, OLVG and Spaarnegasthuis

Niet kunnen, willen of durven eten 2017-2019, 
2021, 2022

1.5

   Medilex Nascholing Slapen, eten en zindelijk worden, 
Zeist / Amersfoort

Voedingsproblemen en ARFID bij jonge kinderen 2022 0.5

   Nederlandse Vereniging voor Kindergeneeskunde

Moeilijk etende peuters 2018, 2019 1

   Masterclass De Duin en Kruidberg Voedingsdagen, Duin 
en Kruidberg, Santpoort-Noord

Gevaar van de knoopcelbatterij , on April 12, 2018 2018 0.5

   Thema-avond Traumachirurgie - Kinderen, Amsterdam 
UMC, Amsterdam

Year Workload 
(ECTs)

Voedselweigering bij jonge kinderen 2017 0.5

   Masterclass (V&VN) – Meet the Expert, Hogeschool van 
Amsterdam, Amsterdam

Klinische Hongerprovocatie – in de praktijk 2017 0.5

   NESPEN symposium Enterale Voeding, Veldhoven

De slechte eter – de differentiaaldiagnose 2016 0.5

   De kinderdietist CONTACT! – jubileum congress NKD, 
Utrecht

Wat leert ons het verleden – Voedingsproblemen bij jonge 
kinderen

2014 0.5

   Openingssymposium Diagnostisch Centrum 
Voedingsproblemen (DCV), Amsterdam UMC, Amsterdam

3. Parameters of esteem

Grants

Stichting DaDa 2017

Awards and prizes

ESPGHAN Young Investigator Award 2017-2019

Passed AMC FameLab pre-heat 2018

Poster of distinction, ESPGHAN, Prague, Czeck Republic 2017
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DANKWOORD

Waarom makkelijk als het ook moeilijk kan? Tijdens mijn promotietraject 
heb ik niet altijd voor de snelste weg gekozen. Wel voor de route waar ik de 
meeste voldoening, energie en inspiratie uit haalde. Na al die jaren vormt dit 
proefschrift de afsluiting van dit pad, waarin ik veel mensen heb gekruist, 
die me hierin hebben gesteund of anderszins aan dit proefschrift hebben 
bijgedragen. De kans om jullie in dit (waarschijnlijk het meest gelezen) 
hoofdstuk te bedanken, pak ik graag met beide handen aan.

Allereerst wil ik graag de kinderen met voedingsproblemen en hun ouders 
bedanken voor de bereidheid om deel te nemen aan de onderzoeken in 
dit proefschrift. Jullie hebben me gemotiveerd en ik hoop dat jullie in de 
toekomst net zo van eten kunnen genieten als ik. 

Prof. dr. M. A. Benninga, Marc, wat ben ik dankbaar voor de prachtige kans 
om een promotietraject bij jou aan te mogen gaan. Als student werd ik 
tijdens een levendig college (over poep en kots) door jou geënthousiasmeerd 
voor de kindergeneeskunde (hoewel ik stiekem een klein beetje smetvrees 
heb). Tijdens mijn bijbaan op het secretariaat van het EKZ, brieven tikkend 
over olifantendrollen en koeienvlaaien, vroeg ik me al af wat die gezellige 
bedoening op maandagochtenden inhield. Niet wetende dat ik later ook 
deel van deze onderzoeksgroep uit zou mogen maken. Daarna volgde een 
fijne wetenschappelijke stage, waar ik ontdekte dat wetenschap hartstikke 
leuk is, iets dat ik eerder niet voor mogelijk had gehouden. Mede door jouw 
zorgvuldige, kritische (en supersnelle!) blik op stukken, heb ik artikelen 
leren schrijven en integere wetenschap leren bedrijven. Hoe leuk dat er op 
de maandagen ook nog tijd en aandacht was voor de weekenden, klinische 
onderwijsmomentjes, mooie boeken, levenslessen en gezelligheid. Ik hoop 
dat mijn tikkeltje eigenwijsheid niet de oorzaak is van de toename van het 
aantal grijze haren op je hoofd en dat ik nog lang mag genieten van de 
jaarlijkse etentjes bij jou thuis (of elders als het groeiend aantal promovendi 
echt niet meer in jouw huis past).

Dr. A. Kindermann, lieve Angelika, eigenlijk weet ik niet goed waar ik moet 
beginnen. Ik leerde je kennen tijdens mijn wetenschappelijke stage op ‘de 
Eetpoli’, waar jonge kinderen met voedingsproblemen kwamen. Al snel 
kwam ik erachter dat patiënten en hun ouders, die zich elders soms niet 
gehoord voelden, met jou weglopen. En niet voor niks. Wat heb ik - en zou 
iedereen -, veel van jouw toewijding, zorgvuldigheid, doortastendheid en 
oprecht luisterend oor in de kliniek kunnen leren. Je bent het voorbeeld 
van de kinderarts die ik ooit hoop te mogen worden. Na mijn opleiding gaf 

jij me de kans en het vertrouwen om bij je te promoveren, waarvoor ik je 
enorm dankbaar ben. Je was zoveel meer dan alleen een copromotor. Je liet 
me groeien, hielp me keuzes te maken en liet me mijn hart bij je luchten. 
Daarnaast hebben we het ook nog heel gezellig gehad tijdens symposia 
en etentjes. Zelfs tijdens de bizarre tegenslagen die je de afgelopen jaren 
hebt gehad, bleef je nauw betrokken. Jouw positiviteit is ongekend en 
bewonderenswaardig. Ik hoop dat we nog lang mogen samenwerken en 
proosten op het leven!

Geachte leden van de promotiecommissie, prof. dr. K.F.M. Joosten, prof. dr. 
J.B. van Goudoever, prof. dr. A. Popma, dr. E.J. van der Gaag, prof dr. F.A. 
Wijburg en dr. M.G. Bouwman, hartelijk dank voor uw bereidheid om zitting 
te nemen in de promotiecommissie, het kritisch lezen van mijn proefschrift 
en de voorbereiding van de verdediging.

Alle coauteurs, veel dank voor het kritisch meedenken, hulp bij de artikelen 
en bijdrage aan dit proefschrift.

De meeste artikelen uit dit proefschrift zijn tot stand gekomen vanuit het 
Diagnostisch Centrum Voedingsproblemen, ‘de Eetpoli’. Naast Angelika, 
die ik reeds separaat bedankt heb, wil ik ook de anderen graag bedanken. 
Suzanne, ik heb altijd superfijn met je samengewerkt en waardeer je 
praktische heldere insteek. Heel leuk dat ik nog een consult sportdiëtetiek 
bij je heb gehad, toen ik begon met kickboksen. Wie weet zien we elkaar 
ook nog eens op een wijnevenement. Marie-Anne, ik kijk op tegen jouw 
kennis, rust en zorgvuldigheid. Fijn dat we af en toe nog contact hebben 
en interessante artikelen naar elkaar doorsturen. Liesbeth, door jou is mijn 
interesse in de psychologie gewekt! Sindsdien volg ik zo nu en dan met 
veel plezier een vak van de opleiding Psychologie aan de Open Universiteit. 
Faiza, je vrolijkheid en enthousiasme werkt aanstekelijk. Het Jeroen 
Pit Huis boft met jou! Deborah, wat fijn dat jij ons wilde ondersteunen 
bij het reilen en zeilen van de Eetpoli. Daarnaast heb ik met meerdere 
kinderartsen op ‘de Eetpoli’ prettig mogen samenwerken. Wendela, 
als beginnend arts heb ik veel van je positieve feedback opgestoken, 
geleerd van de algemene kindergeneeskunde en zeldzame syndromen. 
Ik hoop in de toekomst nog meer van je te mogen leren! Frederiek en 
Marije, fellows bij de Kinder-MDL, van jullie kon ik zowel van de Algemene 
Kindergeneeskunde als de Kinder-MDL veel leren en was het ook nog eens 
heel gezellig op de ESPGHAN en andere evenementen. Machtelt, naast dat 
je deel uitmaakt van de promotiecommissie, kreeg ik van jou een eerste 
inkijk in de invalshoek van de Sociale Pediatrie. Reuze-interessant en hoop 
ooit in jouw voetsporen te mogen treden als sociaal pediater. Daarnaast 
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naar je Kenia-avontuur! Lieve Carrie, wat ben jij een lieve, behulpzame 
collega. Als je ‘even iets in elkaar flanst’ tover je een 5-sterrendiner op 
tafel en ‘even bij jou crashen’ betekent overnachten in een luxueus hotel. 
Ik hoop nog van veel diners, wijnproeverijen en zeilboottochten met jou te 
mogen genieten. Elsa, heerlijk hoe jij met een stalen gezicht grapjes kan 
maken, dank voor je gezelligheid. Laura, lieve gekke Lau, van zorgen voor 
glitters op een feestje tot superdroge humor. Ik hoop op nog heel veel 
feestjes, wijnproeverijen, boottochtjes, kickbokslessen en festivals samen. 
Mana, met jouw verschijning is het altijd een feestje. Bedankt voor je hulp 
toen ik in de stress zat, omdat ik op congres in Washington mijn paspoort 
kwijtraakte. Marinde, altijd zo lief en zorgzaam voor collega’s en patiënten. 
Ogenschijnlijk zo keurig, maar ondertussen. Succes met de laatste loodjes! 
Robyn, altijd lief en geïnteresseerd. Voor je coschappen promoveren en 
tijdens je promotietraject ook nog even epidemioloog worden, superknap! 
Sjoerd, nog voor je goed en wel begonnen was, gingen we samen naar 
een congres en leek het of ik je al veel langer kende. Hoe leuk dat we 
opnieuw collega’s zijn geworden in het NWZ. Heel veel dank voor je 
betrokkenheid en de goede tip! Klaartje, dankzij jou kon ik in afronding van 
mijn promotietraject terecht bij de JGZ, dank daarvoor. Klaartje, Charlotte, 
Desiree, jammer dat we elkaar net wel/net niet zijn misgelopen zijn in de 
bunker. Maar door alle congressen en etentjes voelt het toch alsof we 
collega’s zijn geweest. Jasmijn, hoewel we nooit samen hebben gewerkt, 
zal ik onze boeventocht tijdens assistentenuitje nooit vergeten. Ik denk niet 
dat ik ooit nog eens op een random feest in Brabantse achtertuin beland, 
waar mensen getakeld aan touwen uit de nok van een tent elkaar van een 
wijnvat af proberen te gooien. Alle andere nieuwe collega’s in de bunker, 
heel veel succes gewenst met jullie promotietraject. Geniet ervan, want 
voor je het weet is het voorbij!

Collega’s van de volwassen MDL (Jac en Aaltje in het bijzonder), dank 
voor het gezelliger maken van de gang en gezellige goed georganiseerde 
congressen en uitjes.

Daarnaast wil ik het KLIK-team van de Psychologie bedanken. Zo belangrijk 
dat jullie de kwaliteit van leven van kinderen en ouders in kaart brengen 
en op de kaart hebben gezet. Met name Lotte en Hedy, dank voor jullie 
tijd, kritische blik en samenwerking. Kwaliteit van leven is een belangrijk 
onderdeel van dit proefschrift geworden. 

Mila, heel erg bedankt voor het ontwerpen van de omslag en opmaak van 
mijn proefschrift. Ik waardeerde het enorm dat je – hoewel we al verder 

zijn er nog veel anderen betrokken geweest bij ‘de Eetpoli’, het eetteam 
en de klinische hongerprovocaties. In het bijzonder wil ik graag Liesbeth 
K en Riëtte bedanken voor de prettige samenwerking, maar daarnaast 
ook alle kinderartsen, arts-assistenten, verpleegkundigen en andere 
medewerkers, die met geduld bijdroegen aan de zorg voor kinderen met 
voedingsproblemen.

Naast de kinderartsen-MDL die ik hiervoor al heb genoemd, wil ik nog 
graag de hele vakgroep Kinder-MDL bedanken. Wat een fijne, hardwerkende, 
gezellige vakgroep hebben jullie! Dank voor de mooie tijd in het AMC met alle 
bijbehorende besprekingen, maar ook diners en congressen. In het bijzonder 
wil ik graag nog Merit bedanken. We hebben samengewerkt aan de richtlijn 
‘Ingestie van corpora aliena bij kinderen 0-18 jaar’ voor de Nederlandse 
Vereniging voor Kindergeneeskunde, waar ook nog een paar mooie artikelen 
uit zijn voortgekomen. Ik waardeer je nuchterheid, directheid en bovenal 
de regelmatige vraag hoe het nou gaat, ook buiten werk. 

En dan mijn lieve collega’s uit ‘de Bunker’, het kantoor zonder ramen waar 
we met ongeveer 10 vrouwen en soms een man op 1m2 probeerden te 
werken. Hoe fijn om zo’n betrokken groep om je heen te hebben van wie je 
kan leren, maar ook lol mee kan hebben. Er kwamen weken voorbij dat mijn 
vriend zich afvroeg waarom ik na vijf werkdagen ook nog eens drie avonden 
met jullie ging eten, borrelen en weekenden doorbracht. Lief en leed werd 
gedeeld, tripjes in de buurt van de congressen werden georganiseerd en 
festivals bezocht. Daniël, van jouw kritische blik kan iedereen wat leren. 
Wat speciaal dat we op jouw bruiloft in de Ardennen aanwezig waren. 
Sophie, ik bewonder je lef om je carrière over een totaal andere boeg te 
gooien. Lieve Kay, Kaytje, wat vond ik het bijzonder om jouw paranimf 
te mogen zijn! Ik heb een fantastische tijd gehad met jou in, maar ook 
buiten de bunker. Van serieuze gesprekken tot kickbokstraining bij een 
schimmige sportschool en met glitters op de wangen naar Marilyn Manson. 
Zoveel mooie herinneringen en hopelijk volgen er nog veel meer <3. Ilan, 
wat een grapjes bracht jij mee terug uit Amerika, met jou was de bunker 
nog gezelliger. Maartje, sterrenchef, wat heb ik mogen genieten (en doe ik 
gelukkig nog steeds) van jouw heerlijke diners, wijntjes, kaartjes en taartjes. 
Nina, lieve buurvrouw op rechts, mede-avondmens, wat ben ik je nog steeds 
eeuwig dankbaar voor het gesprek, waar ik mijn vriend aan heb te danken ;). 
Judith, alle jaren in de bunker was jij daar ook. Jouw doorzettingsvermogen 
en vastberadenheid, alsook je durf om moeilijke dingen aan te kaarten, zijn 
bewonderenswaardig. Nogmaals sorry van de gin-tonicavond :0. Pamela, 
wat fijn een collega om je heen te hebben die zo veel rust uitstraalt en zorgt 
voor een veilige en aangename sfeer op de werkvloer. Ik ben heel benieuwd 
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waren gegaan met één van de andere ontwerpen – je nieuwe ingeving toch 
nog op papier hebt gezet en doorgestuurd. Het is prachtig geworden!

Tijdens de afronding van mijn promotietraject ben ik werkzaam geweest bij 
Seyscentra, een instelling voor kinderen met ernstige voedingsproblemen, 
waar ik deel uit mocht maken van het multidisciplinaire team. Dank 
Marieke en Eric, om me bij jullie uit te nodigen op gesprek. Succes met het 
afronden van je promotietraject Eric, ik ben heel benieuwd naar je boekje. 
Berbe, door de vele gesprekken met jou vielen alle puzzelstukjes van mijn 
interesses op de plaats en hoop ik, net als jij, ooit sociaal pediater te mogen 
worden. Ik vond het heel inspirerend om samen ervaringen en ideeën uit te 
wisselen met betrekking tot onze patiëntenpopulatie. Het was ook nog eens 
heel gezellig. Loes, wat is het door jouw praktische en creatieve insteek 
verfrissend om met jou samen te werken. Dank voor de gezelligheid, het 
was heel fijn om in coronatijden toch samen online koffietjes te doen! 
Wat leuk dat we ook nog een paar artikelen samen hebben geschreven. 
Daarnaast Sandra, Bibi, Harmen, Saskia, Petra, Debbie, Eline, collega’s uit 
het multidisciplinaire team en alle andere collega’s, heel veel dank voor de 
fijne samenwerking. Wat mooi om te zien hoe de collega’s aldaar met zoveel 
geduld de intensieve behandeltrajecten aangaan, zeer bewonderenswaardig!

Tevens ben ik tijdens de afronding van mijn promotietraject werkzaam 
geweest bij JGZ Kennemerland. Het was heel leerzaam om als arts ook 
ervaring op te doen buiten het ziekenhuis en veel te leren over ontwikkeling 
en sociale problematiek. Hiervoor wil ik met name Lucy, Annemiek, Louise, 
Astrid, team Heemskerk en Beverwijk/ Velsen-Noord bedanken. 

Ook ben ik nooit helemaal weggeweest bij ExpertCollege. Wat leerzaam 
om als pas afgestudeerde dokter in jullie innovatieve bedrijf te mogen 
werken. Van teksten schrijven, stands bemannen op medische congressen, 
elearnings creëren, schrijvers coördineren, sales, lesgeven; volgens mij 
hebben jullie het me in de loop der jaren allemaal laten ervaren (waarbij 
het één wat succesvoller verliep dan het ander). Asaf, heel veel dank voor 
je vertrouwen. En nog meer dank voor alle festivals, feestjes, borrels, 
sushi-avonden en zelfs tripjes naar het buitenland. Rosalie en Eveline, 
het was mij een waar genoegen met jullie samen te werken voor het boek 
Kindergeneeskunde, hoewel de gelegenheden waar we niet werken me 
nog veel beter bevallen. Laten we die erin houden! Schrijvers van team 
Kindergeneeskunde, dank voor jullie inzet. Marije, heel gaaf dat we ook 
nog een artikel over sondevoedingsafhankelijkheid en het weanen van 
sondevoeding hebben geschreven.

ExpertCollege, ook nog heel veel dank voor jullie gulle sponsoring voor het 
drukken van mijn proefschrift. Tevens wil ik de andere sponsoren, Nutricia 
Nederland, Nederlandse Vereniging voor Gastroenterologie, Noordwest 
Academie en Chipsoft zeer hartelijk danken. 

Op dit moment ben ik werkzaam als ANIOS bij de Kindergeneeskunde in het 
NWZ in Alkmaar. Ik ben de gehele vakgroep aldaar zeer dankbaar voor de 
kans me bij jullie verder te mogen ontwikkelen. Wat een fijne sfeer en veilig 
leerklimaat bieden jullie. Ik heb het mega naar mijn zin op jullie afdeling. 

In het bijzonder wil ik graag Krijn en Jeroen bedanken voor de fijne 
gesprekken. En dank aan de directe collega-assistenten voor de goede 
sfeer en het feit dat iedereen elkaar alles gunt.

Mieke, dank dat ik mijn proefschrift aan Isis mag opdragen. Ik zal haar nooit 
vergeten en de herinneringen aan haar blijven koesteren.

Dan mijn lieve paranimfen, wat ben ik blij en voel ik me trots met jullie aan 
mijn zijde. Manon, zo bijzonder dat wij al vriendinnen zijn sinds we 3 jaar oud 
waren. Vroeger dacht men regelmatig dat we zusjes waren, omdat we bij 
elkaars meubilair hoorden. En eigenlijk voelt het ook alsof je familie bent. 
Ik kan me geen leven zonder jou voorstellen! Stevie, één blik zegt genoeg. 
Hoe vaak wij tegelijk hetzelfde zeggen of doen is bijna eng. Dank dat je er 
altijd voor me bent, samen kunnen we de wereld aan! In het kader van dit 
proefschrift ook nog speciale dank voor het lezen van manuscripten als 
‘native speaker’. 

Daniëlle, we werden vriendinnen toen we in de brugklas naast elkaar 
kwamen te zitten. Je bent de slimste persoon die ik ken. Door je kritische 
blik, raak ik nooit met je uitgepraat. Dit was vroeger al zo, waardoor we 
helaas wel alle schei- en natuurkundeproefjes verpestten. Het is zo fijn 
tijdens een ontspannen sauna-uitje of etentje met jou te kletsen over het 
leven. 

Yvette, ik weet niet eens meer hoe we elkaar leerden kennen. Als 
klasgenoten, uit het voetbalteam, of van uitgaan. Jij was overal waar ik 
was. Hoe leuk is het dan ook, dat we nu ook nog in hetzelfde ziekenhuis 
werken. Dank dat je altijd zo geïnteresseerd en lief bent!

Coen, ik kan met je lachen en huilen, je kent me door en door en staat altijd 
voor me klaar. Wat speciaal dat we altijd zo goed bevriend zijn gebleven. 
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Jeroen, wij kennen elkaar inmiddels ook al ons halve leven. Het zat altijd 
goed, hoewel we elkaar niet supervaak zagen. Door een samenloop van 
omstandigheden zien we elkaar nu regelmatiger, wat ik helemaal niet erg 
vind.

Nooit gedacht dat ik in ooit in Waddinxveen terecht zou komen. Sterker 
nog, ik had er nooit van gehoord. Toch was het zo. Ondanks dat er niet 
zoveel te beleven viel, was er met jullie van alles te beleven en heb ik 
er een mooie tijd gehad. Bianca, Simone, Jeanette, ik hoop op nog veel 
festivals en memorabele weekendjes weg. Lisa, laten we de etentjes, rum-
avonden, tripjes met z’n tweeën en met je hele gezin erin houden. En wie 
weet bezoeken we ooit nog eens een (internationaal) vechtsportevenement. 
Pascalle, Ingrid en Suzan, hoewel we inmiddels verspreid door het land 
wonen, eten we nog regelmatig samen. Hopelijk houden we dat er nog 
lang in! 

Albert, “my brother from another mother”, you made my stay in Ghana 
unforgettable. Thank you so much for your hospitality and bringing me to 
your family house in Kintempo. I really hope to visit your hospital in Ghana 
someday, spend some time over there and work on the pediatric wards.

Maisera, “my sister from another mister”, inviting me and my mother to 
your house was so kind. We loved our stay. It felt like coming home! Your 
children are the cutest. Many thanks for your hospitality and life lessons. 

Floor, ik geloof dat ik niemand ken, die zich zoveel om anderen bekommert 
als jij. Altijd zo lief en zorgzaam. Ik ben zeer dankbaar met jou als vriendin. 
Wat een eer dat ik getuige mocht zijn op jullie bruiloft, wat een speciaal 
en liefdevol weekend was het. 

Rajshri, we hebben al veel speciale gelegenheden samen mogen vieren met 
twee bruiloften als hoogtepunten. Hopelijk volgen er nog veel meer mooie 
momenten en Fiesta Macumbafeestjes. Ik kan niet wachten jullie kleintje 
te mogen ontmoeten, heel veel geluk! 

Jill, in een gekke tijd vonden we elkaar toen we in hetzelfde schuitje zaten. 
Ik heb ervan genoten! Inmiddels alweer zoveel jaar verder met totaal andere 
levens, maar nog steeds weten we elkaar gelukkig te vinden.

Lieve Bob, Irma, David, Lisa, Shanna & Jet, ik geniet intens van alle 
kickbokstrainingen met jullie. En zonder uitlaatklep geen focus. Daarom 
was dit proefschrift er zonder jullie niet gekomen. Dank daarvoor!

Yvonne, dankzij jou kon ik alle verloren uurtjes thuis besteden aan mijn 
proefschrift. Zo dankbaar ben ik voor jouw hulp!

Bob, Ingrid & Glen, Kevin & Kai, Sven en Jeroen, vanaf het begin heb ik me 
welkom bij jullie gevoeld en jullie zijn altijd belangstellend. Dank daarvoor!

Dieuwke, of je nou mijn tante bent of meer een soort vriendin, dank voor 
je oppeppende gesprekken, fijne etentjes en liefdevol toestoppen met 
maaltijden.

Pap, ik geloof dat ik het ‘always be busy with something’ uit de stellingen 
van dit proefschrift van jou heb. Niks doen zit niet in onze aard. Altijd zoveel 
plannen en ideeën, waardoor we altijd tijd te kort zullen hebben. Dank dat 
je er altijd voor me bent, me behandelt als prinsesje, maar me toch met 
beide benen op de wereld laat staan.

Mam, ik heb de stoerste moeder van de hele wereld. Als ik denk iets niet 
te kunnen, bedenk ik me dat jij zonder te klagen vastgebonden aan tie 
wraps en geblinddoekt uit een kooi onder water bent ontsnapt. Dan valt 
wat ik moet doen wel weer mee. Het was superspeciaal dat je meeging naar 
Ghana. Dank dat je zo lief bent en altijd voor me klaar staat.

Rutger, wat ben ik blij met jou als mijn kleine grote broertje. We helpen 
elkaar altijd uit de brand. Ik schreef vroeger jouw absentiebriefjes op school 
en jij redde mijn 589 referenties uit de inleiding van dit proefschrift. Je 
bent de liefste broer van de wereld en je weet niet hoe trots ik op jou ben.

Dennis, toen jij in mijn leven kwam, werd de wereld nog een stukje mooier. 
Dank voor je liefde, geduld en support in alles. Ik kijk uit naar onze toekomst 
samen. Ik houd van je!
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CURRICULUM VITAE

Hilde Krom werd op 3 december 1988 geboren 
in Castricum. In dit dorp aan zee groeide ze op 
met haar ouders en jongere broer. In 2007 haalde 
zij haar VWO-diploma aan het Jac. P. Thijsse 
College te Castricum. Ze had het geluk direct te 
worden ingeloot voor de opleiding Geneeskunde 
aan het Amsterdam UMC/Universiteit van 
Amsterdam. Vrijwel direct werd haar interesse 
voor de Kindergeneeskunde gewekt tijdens 
een levendig klinisch college van prof. M.A. 
Benninga, kinderarts MDL, die zei “Iedereen die 
niet van poep, pies en kots houdt, is hier niet 
op zijn plek”. Gedurende de studie had ze een 
bijbaan in het Emma Kinderziekenhuis, waar ze zich al snel als een vis 
in het water voelde. Ze deed een extra-curriculaire tropenstage op de 
kinderafdeling van de Bruham Clinic in Savulugu, te Ghana. Daarnaast deed 
ze een keuzecoschap Neonatologie in het Amsterdam UMC en een oudste 
coschap Kindergeneeskunde in het Slotervaartziekenhuis. Interesse voor 
kinderen met voedings-/eetproblematiek en hun ouders kreeg ze gedurende 
haar wetenschappelijke stage via de afdeling kinder-MDL op ‘de Eetpoli’ / 
Diagnostisch Centrum Voedingsproblemen in het Amsterdam UMC onder 
supervisie van dr. Angelika Kindermann en prof. dr. Marc A. Benninga.

Na het behalen van haar artsexamen in 2015 heeft ze als medisch 
onderwijscoördinator gewerkt bij ExpertCollege, een bedrijf dat blended 
learning aanbiedt voor zorgprofessionals. Daarna mocht ze het onderzoek 
naar voedingsproblemen bij jonge kinderen bij dr. Angelika Kindermann 
en prof. dr. Marc A. Benninga voortzetten, wat uiteindelijk heeft geleid 
tot het huidige proefschrift. Tijdens haar promotietraject heeft ze met 
heel veel plezier klinische werkzaamheden verricht op het Diagnostisch 
Centrum Voedingsproblemen en was ze op de Kinderafdeling betrokken bij 
de klinische hongerprovocaties om sondevoedingsafhankelijke kinderen te 
ontwennen van sondevoeding. Tevens was ze lid van de kernwerkgroep van 
de richtlijn ‘Ingestie van corpora aliena bij kinderen van 0-18 jaar’ die samen 
met dr. Merit M. Tabbers, kinderarts MDL, op verzoek van de Nederlandse 
Vereniging voor Kindergeneeskunde werd ontwikkeld.

De patiëntengroep kinderen met voedingsproblemen en hun ouders heeft 
haar hart gestolen. Ze was dan ook blij in 2019 als arts bij Seyscentra te 
mogen werken, een centrum gespecialiseerd in voedings- en eetproblemen 

bij kinderen. Daarnaast heeft ze als jeugdarts bij JGZ Kennemerland 
veel geleerd over de ontwikkeling van gezonde kinderen en geeft ze als 
docent ABCDE- en ALS-trainingen bij ExpertCollege les, onder andere bij 
de cursus ‘Het acuut zieke kind’. Op dit moment werkt ze als ANIOS bij 
de Kindergeneeskunde in het NWZ in Alkmaar. Haar droom is om in de 
toekomst sociaal pediater te worden.
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