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Chapter 1

General introduction

Growth impairment is considered a relatively early sign of poor health in children.
Depending on its setting and the age of the child the impairment is expressed in several
ways. Failure to thrive is a term often used in the first years of life and is either defined as
poor weight for age, poor weight for length or poor length for age.!-? In older children one
speaks more of growth retardation or short stature. Other definitions of growth impairment
are stunting (low height for age) or a decline in height velocity.

In developing countries the principal cause of growth failure is malnutrition. In
industrialized countries a great diversity of congenital or acquired conditions, such as
Turner syndrome, Growth Hormone Deficiency (GHD), can underlie growth failure (see
table 1). Here the largest and most important groups to be detected are GHD, Turner
syndrome and celiac disease, as others are either rare or accompanied by other symptoms.
Whatever the cause of the restricted growth is, an early diagnosis and treatment is
important not only to prevent further health damage, but also to create an optimal effect
on adult height and an extension of the period of a better quality of life of those who are
treated.

A proper treatment of children with abnormal growth depends both on the early
identification of these children in the community (by growth monitoring) and on an accurate

diagnostic work-up in the hospital after referral.

Table 1. Causes of short stature:

1. Primary growth disorders: | 2. Secondary growth disorders: 3. Idiopathic short stature:

a. Skeletal dysplasias a. Disorders in specific systems: a. Familial short stature
Cardiac disease
Pulmonary disorder
Liver disorder
Intestinal disorder
Renal disorder
Chronic anemia
Chronic inflammatory disorder

Malnutrition disorders

b. Clinically defined syndromes with b. Endocrine disorders b. Non-familial short stature
chromosomal aberrations Growth hormone deficiency
Turner syndrome Thyroid disorders
Mixed gonadal dysgenesis Adrenal disorders
Down syndrome Gonadal disorder
Other Diabetes mellitus

Precocious Puberty
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c. Clinically defined syndromes without ¢. Metabolic disorder

chromosomal aberrations Disorder of carbohydrate metabolism
Noonan syndrome Disorder of lipid metabolism
Stlver-Russel syndrome Disorder of amino acids

Von Recklinhausen syndrome Disorder of calcium and phosphate
Cornelia de Lange syndrome metabolism

Prader-Labhardi-Willi syndrome Disorder of bone metabolism

Williams syndrome
Bloom syndrome
Rubinstein syndrome
Other
d. Small for gestational age (SGA) with  d. latrogenic short stature
persisting short stature Medication
Total body irradiation
e. Psychogenic short stature

Psychosocial short stature

Anorexia nervosa

History of growth monitoring

To facilitate the detection of growth disorders, growth monitoring, implying regular
measurements of weight and length, is essential. Nowadays growth monitoring is widely
accepted and almost every child is measured regularly during childhood. The earliest
citation of growth dates from the sixth century B.C. It was mentioned in a poem by the
Greek Solon the Athenian.? The poem deals with the division of human lifespan into ten
successive seven-year periods (“hebdomads”). The translation by Tanner of the first four
hebdomads is at follows:3

A young boy acquires his first ring of teeth
as an infant [literally while unable to speak] and
sheds them before he reaches the age of 7 years.
When the god brings to an end the next seven-year period,
the boy shows the signs of beginning puberty [or: of beginning pubic hair].
In the third hebdomad, the body enlarges,
the chin becomes bearded and the bloom of the boy’s complexion is lost.
In the fourth hebdomad physical strength is at its
peak and is regarded as the criterion of manliness.

It took until the 18" century before the first growth studies took place. Initially these
studies were done for military purposes as the body size of guards and soldiers was of
interest. During that century other individual growth studies, like the study of P.G de
Montbeillard’s son (1759 - 1777) and the study on the pupils of the Carlschule in Stuttgart
(1772 — 1777) were performed. With the increasing interest in public health in the
nineteenth century there was a change towards general growth studies.
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The relationship between political state and health had become stronger since the decline
of mortality due to epidemics and increasing wealth in industrialized countries in the

18 century. The most important influence on this relation was however “the declaration
of health as a right of democratic citizenship”, first declared by revolutionaries in 1791

in France.* Disease prevention became politically and economically a major subject

and by the end of the nineteenth century one began to understand the importance of

child health care for the general welfare. As a result the 20" century was declared as
“the century of the child”, in which child health and welfare was not only medicalized
but was also serving as a powerful tool for the state to expand its power in health and
welfare in general.® This resulted in the establishment of compulsory school systems and
abandonment of child labor in the western world. With this development, children turned
into attractive research subjects and children have been measured regularly in schools
and infant welfare clinics ever since. At the same time the recurrence of wars played an
important role in the development of growth monitoring, for it led to concerns about the
quality of the health status of populations, and brought as a consequence the mathematical
basis for growth studies.?

In the Netherlands growth studies were performed since 1850, but it took until 1955

for these studies to become nationally representative and to cover the complete age
group of childhood (0-18 years). The first well baby clinic was established in 1901 by
the paediatrician B.P.B. Plantenga in The Hague.® In the beginning children were only
weighed but since 1972 nearly every child is monitored for length (measured in supine
position, usually below 2 years of age), height (measured in standing position, usually
from 2 years onwards) and weight from birth till the age of 16-18 years. Since 1978 these
measurements are registered in a “book of growth” (Groeiboek).

During the 1970s several health organizations, including the World Health Organization
and UNICEF, promoted the monitoring of growth worldwide as part of the “Child Survival
and Development Revolution”.” Since then growth monitoring, even in underdeveloped
countries, has become a central activity in child health care, but its effectiveness and its
performance remain subject of debate.?

In this discussion it is important to realize that there is a difference in purposes and
objectives of growth monitoring programs depending on its setting. In developing countries
the principal aim of growth monitoring is to detect malnutrition. In industrialized
countries, where there is much less malnutrition, growth monitoring is aimed at detecting
other acquired or congenital causes of growth retardation, and is increasingly used to
detect overweight.

The effect of routine growth monitoring in developing countries has recently been

questioned.? The efficacy and efficiency of height monitoring in developed countries has
hardly been studied.

10
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Auxological screening

Auxology comes from the greek word Auxé —logia and means the science or study of
growth. Auxological screening is therefore often used to desecribe growth monitoring and
implies regular height and weight measurements.

After height and weight measurements are taken they should be plotted on a growth chart
for the child’s growth to be monitored over time. Many different growth charts are being
used around the world, not only different in reference population but also in parameters
and units (percentiles or SD-scores). In developing countries weight for age is the usual
parameter, whereas in industrialized countries growth monitoring may be conducted less
frequently and the preferred parameter is height for age.!% 11 Many charts are expressed
in percentiles but more and more charts have turned to standard deviation scores (SDS)
((Height — mean height for the same age and sex) / (SD for the same age and sex). Using
SD scores has several advantages: 1) It is easier to express measurements far below P3

as SDS than as a percentile; 2) The distance between SD scores is equal, whereas the
distance between the usual percentiles differs; 3) percentiles cannot be used to compare
growth between subpopulations or between different international populations, as they are
unsuitable for statistical purposes. Percentiles can however easily be transformed into SD
scores and the other way around, if the measurements have a Gaussian distribution.

Other parameters that are directly involved in growth monitoring are target height, bone
age and stages of puberty. After the age of approximately 3 years, target height SDS is
strongly correlated with the child’s height SDS. It is a mathematical approach of the
estimated final height of a boy or a girl on the basis of their genetic potential. Using the
Dutch reference growth data, target height and target height SDS can be calculated with
the following formulas: 12
1) for males: TH (cm) = [(Height ... + Height ;= +13)/2] +4.5;

TH SDS= (TH-184.0)/7.1
2) for females TH = [(Height ;.. + Height y; - -13)/2] +4.5;

TH SDS= (TH-170.6)/6.5.
The term 13 c¢m represents the difference between male and female final height,!? ,
whereas the term 4.5 ¢m represents the height difference per generation (30 years).1*
Bone age in combination with height can be used to predict final height, using various
methods.1>10 Puberty is assessed using the stages of Tanner and Whitehouse.'? As short
children with a body proportion outside the normal range, are prone to have a primary
growth disorder, body proportions are indirectly involved in growth monitoring, especially
in industrialized countries where the aim of growth monitoring is the detection of growth
disorders. The most suitable parameter for body proportions is the sitting height/ height
ratio. '8

For an early identification of children with abnormal growth it is important to have correct
and well-defined referral criteria next to a good growth monitoring system, with accurate
growth charts. In the literature, however, mainly arbitrary referral criteria are used to
express growth failure in experimental studies on growth monitoring.'%2! For failure to
thrive, often used in infancy and early childhood to describe growth impairment, there

11
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is even no consensus on the choice of anthropometric indicators or their criteria for

abnormality.1-2

Only a few guidelines have been published on referral criteria for children with impaired
growth.22-23 One of those guidelines, the UK-consensus, concentrates on the referral of
children with short stature after a single height measurement at school entrance (a height
<P 0.4 (-2.66 SDS) at 5 years of age).2? According to the other guideline, the Dutch
Consensus Guideline, seven referral criteria should be used (see paragraph on growth
monitoring in the Netherlands).2? Both guidelines are however based on consensus
meetings rather than on experimental evidence, and specific information on their
sensitivity and specificity to detect growth disorders is lacking. Although the authors

of the Dutch Consensus guideline had aimed at promoting early diagnosis of aberrant
growth as well as at preventing unnecessary referral and interventions, it was shown later
that if this guideline would be followed, an unacceptable percentage of healthy children
would be referred.2* This high percentage seems mainly due to the rule based on height
deflection. The United Kingdom guideline must lead to a better specificity, as it has only
one strict referral criterion and does not use deflection. However, it has an unknown

sensitivity to detect disorders timely.22-2>

Diagnostic work-up in children with short stature

A diagnostic work-up is a thorough medical examination for diagnostic purposes and
in case of short stature consists of several components, i.e. medical history, physical
examination, laboratory investigations, radiographic investigations, specific tests for
suspected diseases and genetic analyses.

As the outcome of the assessment of short stature is very heterogeneous, a good routine
diagnostic work up for screening purposes depends on the frequency of the underlying
medical disorder, the severity of the disease, its clinical presentation - including
symptoms and signs other than auxological ones-, and the invasiveness and costs of the
tests to be used.

Aside from the scarce evidence on referral criteria there is little experimental evidence on
the diagnostic work-up in secondary health care for children with poor growth. Although
there are a number of consensus guidelines on the diagnosis of GHD,20-30 and some
articles on the analysis of short stature in general,31-38 these articles are primarily expert-
based reviews on how to deal with short stature rather than experimental studies about
the outcome of laboratory investigations. One study evaluated the outcome of the analysis
of short stature in a growth clinic, but did not use a standard protocol for the diagnostic
work-up.3 The only guideline reported so far which addresses the diagnostic work-up

for short stature in general is the Dutch Consensus Guideline (see paragraph on growth
monitoring in the Netherlands).2? But again, this guideline is based on consensus rather

than on experimental evidence.

12
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Growth monitoring in the Netherlands

To promote early diagnosis and treatment of aberrant growth and to prevent unnecessary
referral and interventions, a consensus meeting was held on “Diagnosis of short stature
in childhood” in 1996 by general practitioners, well-baby clinic doctors, school doctors,
paediatricians and paediatric endocrinologists.* Consensus was achieved on referral and
diagnostic work-up of children with short stature. This Dutch consensus guideline (DCG)
was then published in a Dutch medical journal and a book.23:40

In the analysis of short stature the DCG addresses five stages. First of all it focuses on
seven auxological referral criteria (table 2 and appendix for further explanation). When
a child is referred according to these criteria, the pediatrician is subsequently advised to
follow four diagnostic steps:

* The patient’s history, the physical examination, growth data and a hand radiograph
should be collected to determine signs or symptoms that may indicate a specific
disease.

* In the presence of specific clinical clues, appropriate further specific investigations
are done. When there are no signs or symptoms leading to the suspicion of a
certain disease, a list of laboratory investigations is advised for screening of several
pathological conditions (table 3).

* Dependent on the abnormalities in the screening laboratory investigations further, more
specific tests can be performed to establish the final diagnosis.

* If there is no indication of a certain disease after the preceding procedures the three
following tests should still be considered: chromosomal analysis for Turner syndrome
in girls, a biopsy to prove or rule out celiac disease and the determination of zinc to

investigate zinc deficiency in children with failure to thrive.*!

However, it is not known how many doctors are aware of the guideline and whether or not
it changed medical practice, as the implementation was limited to a single publication in a
medical journal, a book and a couple of postgraduate courses.2340 Moreover the guideline
is based on consensus and lacks experimental evidence. Van Buuren et al showed that if
the guideline would be followed, an unacceptable percentage of healthy children would be

referred,?* and specific information on the sensitivity is not available.

Table 2. Seven auxological referral criteria taken from the Dutch Consensus Guidelines.?3
Description rule | Criteria | Rule nr.
Absolute height HSDS" < -2.5 1
Clinical symptoms HSDS" < -1.3 AND (dysmorphic features OR 2

disproportions)
Persistent short stature after born SGA™ SGA™ AND HSDS" < -1.88 after the age of 2 years

HSDS,, f 3:<10yrand >13.4yr; HSDS"<-1.3 AND HSDS-THSDS < -1.3
?:<9yrand >12.3 yr
Pubertal age™: HSDS" < -1.3 AND HSDS-THSDSS < -1.3 5
3:10-13.4 yr; With pubertal signs
?:9-123yr

13
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Deflection® 3:<10yrand >13.4yr; T2-T1> I(1) 6a
Q:<9yrand >123yr (SDSI1 - SDS2)/(T2-T1) < -0.25
T2-T1>1 6b
(SDS1 - SDS2)< -1
Pubertal age™: T2-T1>1(1) 7a
3:10- 134 yr; (SDS1 - SDS2)/(T2-T1) < -0.25
?:9-123yr With pubertal signs
T2-T1>1 7b
(SDSI - SDS2)< -1
With pubertal signs

*

HSDS= Height Standard Deviation Score (Height — mean height for the same age and

sex / SD for the same age and sex (see appendix)).

** SGA = Small for Gestational Age

§ THSDS= Target Height Standard Deviation Score ( Target height = (height of mother
(+height of father +13) + 4.5) / 2 (see appendix))

T HSDS_ = HSDS corrected for parental height (see appendix)

¥ Deflection: Deflection is either expressed as an SDS decrease (SDS1-SDS2) per year
(T1-T2) (7a), or as a cumulative deflection over an unspecified time interval (7b). In
the categories 3-10 and 10-18, T1 >= 3 years, in the other categories T1> 0. (see
appendix)

® Pubertal age: When a child does not show any pubertal signs (3: genital stage >=

Tanner stage 2 OR testis volume >=4 ml; ¢: breast>= Tanner stage 2 ) at this age

referral is not necessary.

Table 3. Laboratory investigations in the diagnostic work up according the DCG

Laboratory investigations | In order to diagnose | Category
Blood

Hb, Ht, Leukocytes, Cellindices, Leukocyte Anemia / infections (and celiac disease and 1
differentiation, ESR (Ferritin) cystic fibrosis)

ALAT, ASAT, y GT Liver diseases 11
Albumin, Creatinine, Sodium, Potassium,  Renal diseases 11T

Calcium, Phosphate, Alkaline phosphatase,
acid-base equilibrium

IgA-anti endomysium, IgA- antigliadin, Celiac disease v
Anti-tissue glutaminase*, Total IgA

TSH, FT4 Hypothyroidism \
IGF-1 Growth hormone deficiency VI
FSH** Turner’s syndrome VII
Urine

pH, glucose, protein, blood and Renal diseases VIII
sedimentation

* At the moment the consensus meeting took place, anti tissue glutaminase as a
diagnostic tool for celiac disease was not yet introduced nation wide.
*% Only in girls.

14
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Aim of this thesis

The aim of this thesis is to collect evidence and create new guidelines for the assessment
of short stature in children, including both referral criteria and diagnostic procedures.

Outline this thesis

In this first chapter we have explored the definition of impaired growth in the literature,
given an overview of the history of growth monitoring, explained the importance of
auxological screening and diagnostic work up in the assessment of short stature and set
out some general principles of these two processes.

In the remainder of the thesis we have gathered the evidence needed for a new guideline
for the assessment of short stature in children.

Part A reviews the importance of testing for two growth related diseases (Celiac Disease
or Cystic Fibrosis) in the routine diagnostic work up for short stature. Starting off from
these diseases the literature is searched for evidence for the disease to be taken into
account in the screening of short stature. In chapter two we study the prevalence of
celiac disease in children with short stature and no gastrointestinal symptoms and in
chapter 3 the prior-probability of CF in infants and children with short stature and/or
poor weight gain.

In Part B the current practice of growth monitoring and diagnostic work-up of short
stature in practice are described. Chapter 4 describes the results of an inquiry among
pediatric endocrinologists in Europe and most industrialized countries around the world
about the referral criteria advised for growth monitoring in primary care, and about
diagnostic procedures for short stature in secondary care. Chapter 5 aims at getting
more information on the current policy of growth monitoring, the definition of failure to
thrive and the use of guidelines (especially the DCG) among well-baby-clinic doctors and
school doctors (doctors of Primary Health Care 0-19 years) and general practioners in the

Netherlands.

Part C is concerned with an evaluation of existing guidelines. Chapter 6 is an evaluation
of the referral pattern of short stature in primary health care using the Dutch Consensus
guidelines and the consensus guidelines from the UK, comparing it with cut-off values
mentioned in the WHO Global Database on Child growth and Malnutrition.*? Chapter 7
contains the results of a study in two hospitals, in which we investigated how many children
were correctly referred to secondary health care according to existing consensus guidelines;
evaluated the diagnostic work-up in secondary health care; and assessed the frequency

of underlying medical disorders. As the Dutch Consensus Guideline (DCG) is the only
guideline addressing referral criteria as well as diagnostic work-up, the analyses are based
on its seven auxological referral criteria to determine whether children are correctly referred
or not and on all elements of the diagnostic work up.

15
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Part D contains biometrical studies to determine cut-off points of auxological criteria to
be used in the decision whether growth-retarded children should be referred for further
investigations. First, insight is gained into the diagnostic performance of a broad set of
referral criteria for auxological screening for Turner syndrome in the open population in
chapter 8. Thereafter optimal auxological referral criteria for detecting celiac disease are
determined in chapter 9. Thirdly, the diagnostic efficiency of several auxological criteria
(including both weight and length) for the detection of children with cystic fibrosis are
explored in chapter 10.

Part E consist of chapter 11 and describes the radiographic evaluation in literature of
children with growth problems.

New evidence-based guidelines for growth monitoring on a population basis are presented
in Part F (chapter 12).

Finally, we discuss in chapter 13 the evidence collected for the algorithm for referral

of children with short stature and the collected evidence for the diagnostic work up.

We also make recommendations for the diagnostic work up after referral, discuss the
implementation process of the new guideline in the Netherlands, and offer some proposals
for future research.

16
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Chapter 2

Clinical scenario

An 8-year old girl is referred to the paediatrician because of her stunted growth. Her
height SDS is —2.3 (=0.4%ile), her weight for height ratio is + 0.9 SDS (=75%ile). At the
age of 3 years, her height SDS was + 0.3 (just over 50%ile). Her weight for height ratio
had not changed considerably. At the age of four to five years, she had several episodes

of constipation and anaemia. There were no other complaints. A diagnostic work-up

was performed: [gA anti-endomysium (IgA EmA) antibodies were positive. A small
intestinal biopsy (gold standard) showed total villous atrophy, consistent with coeliac
disease. During follow-up, she fulfilled the ESPGAN criteria for coeliac disease (finding
of characteristic small bowel mucosa abnormalities in a small bowel biopsy, and a clinical
remission when placed on a gluten free diet).

Structured clinical question

What is the prevalence of coeliac disease [outcome] in children with short stature and no
gastrointestinal symptoms [patients|?

Search strategy and outcome

Pubmed — (body height AND (short OR little OR small OR abnormal) OR short stature
OR dwarfism) OR failure to thrive AND coeliac disease (limited by: Ages: All child 0-18
year, Language: English) — 120 references of which 11 relevant and of sufficient quality
(see table).

Embase — same search strategy — no additional relevant references

Cochrane database — same search strategy — none relevant

The way study groups were selected varied. Articles with the least selective study groups
are reported higher in the table than studies with a more selective study group.

Citation, Study group Study Type | Outcome | Key Results Comments
country (Level of
evidence)
Knudizon J, 168 children Prospective  Proportion  2.9% (5/168) ‘Short stature” was not defined.
etal (1991), (50 girls; 93 boys; cohort study of coeliac  of the children
Norway! age 0.5-17.2 (level 2b) disease in  with short stature  Results are not internally
years) with short the study  were diagnosed e
stature without group as having coeliac
significant disease.

Diagnosis was not based on

ESPGAN-criteria.

abdominal

symptoms.
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Stenhammer
L, et al.
(1986),
Sweden?

Cacciari E,
et al. (1985),
Ttaly®

Cacciari E,
et al. (1983),
Ttaly*

Rossi TM, et
al. (1993),
USA®

Short stature and the probability of coeliac disease, in the absence of gastro-intestinal symptoms

87 children (32
girls, 55 boys; age
1.0-16.5 years)
with short stature
(height more

than 2SD below
the mean for age
and sex) and no
gastrointestinal
symptoms, signs of
systemic disease or

malabsorption

108 patients (30
girls, 78 boys; age
2.8 —16.7 years)
with short stature
(height below third
centile) and no
gastrointestinal

symptoms

60 children (21
girls, 39 boys)
with short stature
(height below third
centile) and no
gastrointestinal
symptoms

117 children
(age: 217
years) with height
more than 25D
below the mean
for age. Of these
children, 57 were
diagnosed with
GH-deficiency.
All children

were clinically
and chemically

euthyroid.

Prospective
cohort-study
(level 1b)

Prospective
cohort study
(level 1b/2b)

Prospective
cohort study
(level 1b/2b)

Prospective
cohort study
(level 2b)

Proportion
of coeliac
disease in
the study
group

Proportion
of coeliac
disease in

study group

Proportion
of coeliac
disease in

study group

Proportion
of coeliac
disease in
a group of
children
with short

stature

5% (4/87) children
with short stature
were diagnosed

as having coeliac

disease.

There is an
overrepresentation
of coeliac disease
among short
children admitted
to hospital for
examination.
8.3% (9/108)
patients with
short stature
were diagnosed
as having coeliac

disease.

8.3% (5/60)
patients with
short stature
were diagnosed
as having coeliac

disease.

1.7% (2/117) of
children with short
stature had biopsy
proven coeliac

disease.

There is an
association
between idiopathic
short stature and

coeliac disease.

Diagnosis was made based on

ESPGAN-criteria

Gold standard was applied to
all children.

Results are not fully
described.

Gold standard was applied to

all patients.

Diagnosis of coeliac disease
was not according to

ESPGAN-criteria.

Possible overlap in patients in
the two studies of Cacciari?
Gold standard applied to all

patients.

Diagnosis of coeliac disease
was not according to

ESPGAN-criteria.

Basic data are not
adequately described (no sex

differentiation)

Gold standard was not applied

to all patients.

Diagnosis of coeliac disease
was not according to

ESPGAN-criteria
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Italy7

Groll A, et
al. (1980),
United

Kingdom®

Rosenbach
Y, et al.
(1986),

Israel?

26

Bonamico M, 49 children (27
et al. (1992), girls, 22 boys;

Prospective  Proportion

cohort study  of coeliac

mean age 112 (level 1b) disease in
months (SD: 39))
with short stature
(height below the

third centile) and

the study
group

no gastrointestinal
symptoms. None
of the 49 patients
showed somatic,
cardiac, renal

or chromosomal
disorders

34 children (16
girls, 18 boys; age
2.5—17.0 years)
with short stature
(more than 2SD

below the mean

Prospective  Proportion

cohort study  of coeliac
(level 1b/2b) disease in
the study

group

for age) and no
gastrointestinal
symptoms.

There were no
dysmorphic
features, and
endocrine
investigations were
normal.

23 children (12
girls, 11 boys; age
6-16 years) below  (level 2b)

third centile for

Prospective  Proportion

cohort study  of coeliac
disease in
the study
age and a bone age group
delay of at least

25%. Extensive

preliminary work

up (including

hypothalamic,

pituitary, adrenal,

and gonadal

functions,

sweat test, stool

examination for

ova and parasites)

was found to be

negative.

59.1% (29/49)
children with
short stature
were diagnosed
as having coeliac

disease.

21% (8/34)
children with
short stature
were diagnosed
as having coeliac

disease

48.7% (11/23)

of the patients
with short stature
were diagnosed
as having coeliac

disease.

Gold standard was applied to

all patients.

Diagnosis of coeliac disease
was made according to

ESPGAN-criteria.

Diagnosis was not according to|

ESPGAN-criteria.

Gold standard was applied to

all patients.

Diagnosis was not according to|

the ESPGAN-criteria.




Lecea A de,
et al. (1996),

Spain!?

Altuntas B,
et al. (1998),
Turkey!!

Tumer L. et
al (2001),
Turkey!2

Short stature and the probability of coeliac disease, in the absence of gastro-intestinal symptoms

118 children (49
girls, 69 boys; age
11 months to 14
years), with height

Prospective
cohort study
(level 2b)

less than third
centile for age.
Preliminary work
up (absorption,
hormonal and
genetic studies,
sweat test, X-ray

for bone age, serum

IgA AGA) was

performed.

47 patients (18 Cross-
girls, 29 boys; age sectional

4-16 years) of short study
stature (below (level 1b/2b)
third centile for

height) without

gastrointestinal

tract symptoms or
endocrinologic,
cardiac, renal

or chromosomal
disorders. There
were no symptoms
associated with
coeliac disease or
signs of cow’s milk
allergy.

84 children (46
girls, 38 boys; age
16 months — 14
years) with height
less than third

Prospective
cohort study
(level 2b)

centile for age;
preliminary work-
up to evaluate
other causes of
short stature

was found to be

negative.

Proportion  18.6% (22/118) of

of coeliac  children with short

disease in  stature had biopsy

the study  proven coeliac
group disease.
Proportion  55.3% (26/ 47) of
of coeliac  the short children
disease in  had biopsy proven
the study  coeliac disease
group

Proportion  Proportion of

of coeliac  coeliac disease was
disease in  found to be 8.3%
the study  (7/84).
group

There is an

association between ESPGAN-criteria

coeliac disease and
idiopathic short

stature.

Results were not presented.

Numbers do not add up
properly.

Gold standard was not applied
to all children.

Diagnosis was not according to|

ESPGAN-criteria.

Basic data were not

adequately described.

All children were biopsied.

Results are not presented
clearly; the reader cannot

make his own conclusions.

Diagnosis of coeliac disease
was not according to

ESPGAN-criteria.

The IgA EmA test was not
verified by a gold standard test
(biopsy) in all patients.

Diagnosis of coeliac disease

was not according to
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Commentary

Growth retardation in childhood may be one of the earliest signs of an underlying disease,
such as coeliac disease. In the Netherlands, the growth of nearly every child is monitored.
When growth is retarded, the child is referred to secondary health care. After referral it
has been advised to perform a diagnostic work-up containing routine laboratory tests to
search for diagnostic clues for, among others, coeliac disease. The tests presently used for
coeliac disease are IgA EmA and IgA antitissue transglutaminase antibodies. The total
immunoglobulin A count is determined as well, because coeliac disease is associated with
IgA deficiency. It was questioned if diagnostic investigations for coeliac disease should be
performed in all children with short stature, even without gastro-intestinal complaints.

Studies 1-5 were based on study groups, in which no preliminary (endocrine) work-up

to exclude other causes for short stature had been performed. The proportion of coeliac
disease in children with short stature and no gastrointestinal symptoms in these studies
ranged from 1.7% to 8.3%. When a group of children was studied, in which endocrine
causes for short stature had been excluded®1, the proportion of coeliac disease increased
to a range of 18.6% to 59.1%. The characteristics of the preliminary work-up used in
study 12 were not described.

The wide range of these percentages is probably mainly caused by the different methods of
selecting the patients. The true variation in prevalences of coeliac disease throughout the
world appears to be limited 3.

Screening on coeliac disease in the general population shows a prevalence of 1:300

to 1:100. About 50% of these children are completely symptomless!3. In two British
population-based studies on short stature!*15, where coeliac disease was not specifically
investigated, the prevalence of coeliac disease was 2:180 (one patient was already

known with coeliac disease) and 0:149 respectively. In children with short stature and no
gastrointestinal symptoms investigated for coeliac disease, the prevalence increases to
2-8%. When other (endocrine) causes for short stature are excluded, the prevalence might
rise to even 59%.

Clinical bottom line

* In 2% to 8% of the children with short stature and no gastrointestinal symptoms,
coeliac disease may be the underlying cause.
* Excluding other causes for short stature increases the risk of having coeliac disease by

19% to 59%.

e Children with short stature should be evaluated for coeliac disease.
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Chapter 3

Clinical scenario

A boy of one and a half years old is referred to the paediatrician because of failure to
thrive. At this clinic visit his length is =0.55 SDS (= 30% tile) and weight —2.3 SDS (=1%
tile). His target height is 194 ¢cm (1.37 SDS = 90% tile). He was born at a gestational age
of 40 weeks with a length standard deviation score (SDS) of 0.33 SDS (= 60% tile) and

a weight SDS of —0.12 SDS (= 45% tile). There were no problems during pregnancy or
labor. After growing well during the first 3 months he started to fall behind in weight and
length increase. There is no report of repeated pulmonary infections or severe gastro-
intestinal problems. The family history is uninformative for hereditary diseases. The
paediatrician considers to include a sweat test into the diagnostic workup. He knows that
the sensitivity and specificity of this test are high, but for an accurate interpretation of the
predictive value he would need the baseline risk of cystic fibrosis in children with failure
to thrive.

Structured clinical question

What is the prior-probability of CF [outcome] in infants and children with short stature
and/or poor weight (Failure to thrive FTT (SDS <-1.5; <-2.0; <-2.5)) [patients]?

Search strategy and outcome

Pubmed - “Cystic Fibrosis AND (body height OR failure to thrive OR short stature OR
dwarfism)”. Only articles were included if they contained data on either length or weight
before treatment and more than just birth weight and length; 226 references of which 11
relevant and of sufficient quality.

Embase — Same search strategy; 211 references of which 1 new, relevant and of sufficient
quality.

Cochrane database - Same search strategy; no additional relevant articles.
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Table 1: Studies evaluating either length or weight at the diagnosis of CF patients

months

at diagnosis:

Citation Patient group Study type Outcome Key results | Estimated Comments*
(level of percentages
evidence) of low length
or weight® in
patient group
(%)
Screened CF population
Giglio et n=103 between ‘82-'92, in Retrospective  Proportion of ~ 68.9% 21.7
al (1997), North-East-Italy cohort study children poor  of study
Ttaly! median age: 1.07 months  (2a-b) weight-gain at  population
(0.60 to 4.53) diagnosis grew less than
15 g/day
Waters et n=60 between July ‘81 Retrospective  Average length -0.2 SDS 9.9 Method of
al (1999), and July ‘84 in New South cohort study at diagnosis: diagnosis not
Australia® Wales Newborn Screening  (2b) reported
Programme median age Average weight -0.1 SDS 6.9
(range) screened: 1.80 at diagnosis:
months (0.10 to 81.0)
Farrell et n=56 between 15/4/85 Randomized Average length Z-score -0.21 10.1
al (2001), and 30/6/94 median age  controlled trial  at diagnosis:
USA3 (range): Screened: 1.63 (2a) Average weight Z-score -0.5  12.1
months (0.93 to 65.57) at diagnosis:
Bronstein et n=29 between July ‘84 and Prospective Average length Z-score -0.69 17.5 Only children
al (1992), June ‘89 in Colorado cohort study at diagnosis: whose
USA* median age (range): 1.40  (2b) Average weight Z-score -0.69 15.3 weight was
months . . appropriate
at diagnosis:
for gestational
age at birth
Abman et n=27 between 1982 and  Prospective Proportion of ~ Average 9.2
al (1985), 1984, in Colorado cohort study children with  of study
USA® mean age (range): 1.28 (2b) poor weight population
months (0.70 to 1.87) on 32nd
percentile
Greer et n=20 between Nov ‘85 and Prospective Average length Z-score -0.52 14.5
al (1991), July ‘89 in Queensland cohort study at diagnosis:
Australia® median age (range): 1.26  (2b)
Average weight Z-score -0.82 17.8
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Non-screened CF population

Lai et al
(1998),
USA”

Haeusler et
al (1994,

Austria®

Reisman et
al (1989),
Canada®

Kreamer et
al (2000),
Switzerland
10

Waters et
al (1999),
Australia®

Farrell et
al (2001),
USA3

Ranganathan
et al (2004),
UK!!

n=790 newly diagnosed
CF patients in 1993 as
reported to the 1993
National CF Patient
Registry median age: 6

months

n=103 between 1955-
1989, 97% of CF-
population in Paediatric
Department of University
of Vienna mean age
(range): 17.5 months (0
to 144)

n=81 between ‘75- and
‘86 at Hospital for Sick
Children (Ontario) mean
age (range): 1 month (0
to 7)

n=80
mean age (range): 4.6
months (0.1 to 12.7)

n=57 between ‘78-"81.
median age (range) : 5.7

months (0.1-51.5)

n=48 between 15/4/85 and
30/6/94

median age (range): 6.53
months (0.7 — 86.8)

n=37 between Jan ‘99 and
May ‘01

median age (range): 6.63
months (3.9 to 10.0)

Retrospective
cohort study
(2a-b)

Retrospective
cohort study
(2a-b)

Prospective
cohort study
(2b)

Prospective
cohort study
(2a-b)

Retrospective
cohort study
(2b)

Randomized
controlled trail

(2a)

Prospective
cohort study
(2a-b)

Proportion of  34.4 %
children with  of study
short stature:  population
below 5th
percentile
Proportion of  35.9 %
children with  of study
poor weight population
below 5th
percentile
Average length Z-score -1.10

at diagnosis:

Average weight Z-score -1.52

at diagnosis:

Proportion of ~ 56% of study

children with  population

short stature:  below 3rd
percentile

Proportion of ~ 48% of study

children with  population

poor weight below 3rd
percentile

Average length -1.49 SDS

at diagnosis:

Average weight -1.55 SDS

at diagnosis:

Average length -1.2 SDS

at diagnosis:

Average weight -1.2 SDS

at diagnosis:

Average length Z-score -1.0

at diagnosis:

Average weight Z-score -1.0

at diagnosis:

Average length Z-score -0.73

at diagnosis:

Average weight Z-score -1.78

at diagnosis:

25.5

26.2

26.0

35.4

52.7

44.3

35.8

36.3

28.4

26.6

23.8

21.7

18.2

43.2

Method of
diagnosis not

reported

Method of
diagnosis not

reported

T length for age < -2 SDS or weight for age < -2 SDS. For each study we estimated the

percentage of infants or children with a length or weight below -2 SDS. This was
done in several steps (see appendix II). First, the Standard deviations scores (SDS)

for mean length and weight at diagnosis were either directly derived from the data or
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by converting percentiles into SD-scores. Second, a weighted average SD for length
and weight in newly diagnosed CF patients was calculated from data given in the

articles? 3 11 This led to an SD for length of 1.41 and for weight of 1.28. Thus, the
distribution is wider than in the general population. Third, for each study the mean
SD-scores for length and weight were subtracted from the chosen cut-off point for low
weight and short stature (in this case -2) and divided by the weighted average SD. This
gave the SDS for length or weight in that patient sample that concurred with -2 SDS

in the general population. Fourth, this sample-specific SDS value was converted into
percentiles and the percentages of children with a low length or weight was calculated.

Table 2: Prior-probabilities of CF in infants and children with failure to thrive (with
different cut-off points for weight and length).

Weight Length

<-158DS | <-2.08DS | <-2.55D8 | <-1.58DS | <-2.0SDS | <-2.5SDS

Prior probability of CF
(non-screened) (%)A 0.21 0.42 0.91 0.20 0.40 0.90
Prior probability of CF

0.12 0.20 0.38 0.10 0.17 0.32

(screened) (%0)A

A Prior-probabilities of CF in infants and children with failure to thrive were recalculated using a
‘two-by-two table’ (see appendix II) based on the assumption that the average incidence of CF is
1:3000 in the Caucasian population.}2 A weighted average from the estimated percentages of low
length or weight in table 1 was used as percentage of children with FTT in a CF-population. The
percentage of low length or weight in a normal population was directly calculated from the SDS
used as cut-off. The recalculation was done for several cut-offs for FTT (we used —1.5, -2 and
—2.5 SDS as cut-offs).

Commentary

The term failure to thrive is mostly used to describe growth impairment, but a clear
definition is lacking; there is no consensus on the choice of anthropometric indicators

or their criteria for abnormality.!3 The term implies that growth parameters (length and/

or weight) decrease over time, i.e. cross the centiles of SD lines on a growth diagram.

The best objective expression of failure to thrive would therefore be an index of change of
length or weight over time. In our literature search we did not encounter studies which had
analysed longitudinal growth in CF patients. We therefore had to use a proxy parameter for
failure to thrive, i.e. a low length or weight for age.

Failure to thrive can be the first sign of malnutrition, but also the first symptom of a
congenital disease like CF. This is the most common life shortening hereditary disease in
the Caucasian population, with a prevalence of 1:3000.12: 14- 15 T other ethnic groups the
prevalence varies considerably. Patients with CF are known to have gastro-intestinal and
pulmonary problems besides failure to thrive, but some patients with CF only present with
failure to thrive.l- 11, 16,17, 18,19

Early diagnosis of CF improves the patient condition and probably increases survival,

so that several countries have initiated a newborn screening (NBS) program for CF.20-21
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In countries where such screening program has not been implemented, CF is detected

on clinical grounds. Besides respiratory and gastrointestinal symptoms and signs, failure
to thrive is one of the key clinical cues, but there are no data available indicating at
which cut-off point of which growth parameter the physician should consider a specific
diagnostic test for CF.

The standard test for the diagnosis of CF is the sweat test. By collecting at least 50 mg

of sweat with pilocarpine iontophoresis the chloride concentration can be chemically
determinated.?2 We wondered what the prior-probablity is of CF in children with failure to
thrive, so that a rational decision could be made as to perform a sweat test.

Only one study was found on the prior-probability of CF in infants and children with
short stature. Oliveira et al. reported in this Brazilian article on a group of children with
monosymptomatic short stature (height SDS below -1.9 or a growth rate less than 5 cm
per year) a prior-probability of 7.8 % and concluded that CF besides celiac disease must
be included in the differential diagnosis of short stature.!” We then decided to search
for scientific reports on length and weight in groups of patients with CF (see table 1).
These studies were divided into two groups; screened and non-screened. The screened
study-population was up to two months old when diagnosed, whereas the non-screened
population were on average older than 6 months. Most children had respiratory and
gastro-intestinal problems, but some presented themselves with failure to thrive as main
complaint.

The prior-probability of CF in children with a low length or weight for age derived

from the studies on children with CF is low (<1%) (see table 2). This contrasts with the
observations of Oliviera et al, who showed a considerably higher proportion (7.8%).

The difference may be explained by differences in auxological criteria (growth rate versus
weight and length for age) and in populations (a group of children with monosymptomatic
FTT, referred to a specialised clinic versus a group of children with FTT, disregarding
other symptoms, taken from a general population).

Given the low prior probability of CF in infants with a low length or weight for age, the
sweat-test will only provide a reliable result if the positive likelihood ratio (and therefore
the sensitivity and specificity) of the test would be very high. This is apparently not the
case, as there is a widely variable practice of, and standards in sweat testing resulting in
inconsistent test accuracies.?> 2% Even under the assumption that the test is performed
under the best conditions with a sensitivity of 98% and a specificity of 98%, the
probability of having CF for a child with a positive sweat test, who was not screened for CF
and has a length or weight < -2.5 SDS, would still be less than 35%.

We therefore conclude that in an infant with a low length or weight for age the prior
probability of CF is less than 1%, so that we can assume that in an asymptomatic infant
the probability will be (much) lower. This would argue against performing a sweat test.
Parameters of poor longitudinal growth may be more predictive, but this has not been
studied so far. If clinical symptoms or signs suggestive for CF are found in combination
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with growth faltering, the prior probability is expected to be higher, so that obviously
further diagnostic steps are warranted.

Clinical bottom line

* The underlying cause of a low length or weight for age in an infant or a child with no
other symptoms can be CF. (Grade A)

* The prior-probability of CF in infants or children with a low weight or length for age is
0.20-0.91 percent (depending on the cut-off point). (Grade B)
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Chapter 4

Summary

Background/ Aims: Growth monitoring is almost universally performed, but little data
is available on which referral criteria and diagnostic work-up are used worldwide for
children with short stature.

Methods: A short questionnaire, containing questions on auxological screening and
on diagnostic criteria for short stature was sent to all members of the European Society
of Paediatric Endocrinology (ESPE) and to several pediatric endocrinologists outside
Europe.

Results: A response was received from 36 countries. In 27 (75 %) a child health care
program existed and in 14 (39%) there was a protocol for referral of growth-retarded
children. Height for age was mostly used as a referral criterion. Sixteen countries (45%)
reported having a guideline in secondary health care for the diagnostic work-up. Although
all countries agreed on having biochemical, radiological and/or genetic tests in the
diagnostic work-up, there was a wide variety in recommended tests.

Conclusions: There is little consensus on referral criteria and diagnostic work-up of

children with short stature among industrialized countries. There is a need to establish
evidence-based guidelines.
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Introduction

Short stature or growth retardation is considered a relatively early sign of poor health in
children. Growth monitoring is therefore widely accepted, although no reliable evidence
was found to support this activity.!

Short stature has many causes and the purposes and objectives of growth monitoring
programs are therefore different, depending on its setting. In developing countries the
principle aim of growth monitoring is to detect malnutrition. Given this aim the WHO

promotes growth monitoring and research to improve the monitoring itself.2-

In industrialized countries, where there is less malnutrition, growth monitoring is aimed

at detecting other causes of growth retardation, of which Turner syndrome and Growth
Hormone deficiency are most prevalent. Because early diagnosis and treatment of
children with growth disorders favorably influences outcome, there is a need for correct
referral criteria and diagnostic work-up for children with short stature. However, only few
guidelines have been published,*? and these are based on consensus meetings rather than
on experimental evidence. Only recently, we reported on the predictive value of various
auxological criteria for detecting Turner syndrome.®

One of those guidelines* concentrates on the referral of children with short stature
after a single height measurement at school entrance (at age 5) only and does not offer
information on the diagnostic work-up afterwards. According to the Dutch consensus
guideline® seven referral criteria should be used, but we recently reported that strictly
adhering to this guideline would lead to too many referrals.” In this guideline also the
diagnostic work-up is described, including biochemical and radiological tests.

In view of the possible discrepancy between the widespread practices of growth monitoring
and the scarcity of experimental or observational data, we started a project to establish
new, and more evidence-based guidelines on referral criteria for growth monitoring and
diagnostic work-up for children with short stature. As part of this effort, we performed

an inquiry among pediatric endocrinologists in Europe and most industrialized countries
around the world about the referral criteria advised for growth monitoring in primary care,
and about diagnostic procedures for short stature in secondary care.

Material and methods

In the Spring of 2002 a short questionnaire was sent to all members of the European
Society of Paediatric Endocrinology (ESPE) and to several pediatric endocrinologists

in the USA, Canada, Brazil, Japan, Australia and New Zealand. The total number of
countries approached was 45. If a first reminder was unsuccessful, we tried to increase the
response rate by directly asking individuals from the missing countries to be instrumental
in collecting the information.
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The questionnaire contained questions on auxological screening in child health programs
and on diagnostic criteria for short stature in specialist centers, including biochemical
and radiological tests. If any formal guidelines/protocols for auxological screening or
diagnostic procedures in children with short stature were used the respondents were
requested to send copies with their reply.

For the questions on the diagnostic procedures in specialist centers, we used the Dutch
consensus guideline as baseline. According to this guideline, short children without
any suspicion of a particular diagnosis after the auxological diagnostic work-up, should
undergo the laboratory investigations shown in table 1. The guideline also includes that
if in a short girl no explanation for her shortness is found, chromosomal analysis for
excluding Turner syndrome should be performed.

After data collection, the answers were checked with the copies of the existing protocols/
guidelines. From each country only one returned survey was selected for further analysis.
The selected survey either corresponded most with the existing protocols or with responses
from other pediatric endocrinologists from the same country.

All data were entered into Access 2000 and analyzed both in Access and SPSS 11.

Table 1. Routine laboratory investigations for short stature according to the Dutch
consensus

Laboratory investigations | In order to diagnose
Blood

Hb, Ht, leukocytes, celindices, leukocyte differentiation, Anemia, Infections, Celiac disease, Cystic fibrosis

erythrocyte sedimentation rate (ESR), (ferritin)

ALAT, ASAT, y GT Liver diseases
albumin, creatinine, sodium, potassium, calcium, Renal diseases
phosphate, alkaline phosphate, acid-base equilibrium

IgA-anti endomysium, IgA- antigliadin, anti-tissue Celiac disease

glutaminase”, total IgA

TSH, FT4 Hypothyroidism

FSH* Turner’s syndrome
insulin-like-growth factor (IGF-I) Growth hormone deficiency
Urine

pH, glucose, protein, blood and sedimentation Renal diseases

At the moment the consensus meeting took place, anti tissue glutaminase was not yet
nation wide introduced as a diagnostic tool for celiac disease.

sk . .
Only in girls <2 years of age and >9 years of age.
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Table 2. References of growth charts used in the responding 36 countries

Reference of growth chart | n =36 (100%)
National/ Local 18 (50)
NCHS 4 (11)
Other 2 (6)
Unknown 2 (6)
Tanner 1 (2.5)
Prader 1 (2.5)

No use of growth chart reported 8 (22)

Results

The availability of programs and protocols on growth monitoring and

diagnostic work-up

Responses were received from 36 countries. Figure 1 shows the availability of programs
on growth monitoring and protocols for referral and diagnostic work-up of children with
short stature. In 5 (14%) countries no organized growth monitoring appeared to take place.
In 27 countries (75%) a child health care program was present and 14 countries (39%)
reported having a primary health care protocol for referral of children with short stature.
From 16 countries (45%) guidelines for diagnostic procedures in children with short
stature in secondary health care were reported. Not all of these programs or protocols were
nationally implemented.

Response 36
No
5 A
Yes

Availability of growth monitoring 31

No Yes
Health care program 4 27"

No Yes No Ye

Protocol for referral 3 I 14 13

Guideline for
diagnostic work-up

1=

108 47

ﬂ
1=

Fig. 1. The availability of programs and protocols on growth monitoring in the responding
36 countries.

* Countries with child health care program (total = 27 (75%))

** Countries with protocol for referral of children with short stature (total = 14 (39%))
*#% Countries with guideline for diagnostic work up of children with short stature (total =

16 (45%))
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A. Countries without any organized growth monitoring (total = 5 (14%))

B. Countries with only a child health care program (total = 10 (28%))

C. Countries with both a child health program and protocols for referral and guidelines for
the diagnostic work up (total = 8 (22%))

Charts used throughout the world

On the question if growth charts are used for the growth monitoring/ screening, 28
countries (78 %) responded affirmative. Most of the other countries did not respond to this
question because of a lack of a growth monitoring/ screening program. In 18 countries (50
%) national reference charts were used, in others British,® Swiss? or other international

reference charts.10-12

Auxological referral criteria

Height for age, either expressed as centile position or as standard deviation score, was
mostly used as a referral criterion by countries with referral-protocols for children with
short stature, followed by the deviation of height either expressed as height velocity

or delta height SDS. The distance to target height appeared to be used less frequently
(table 3). Clinicians from countries without auxological screening criteria also considered
the deviation of height more important than the distance to target height. A wide variety
of cut-off points were described for the different criteria. For height for age cut-off limits
were reported but varied from -3 SDS (~ P0.2) to —1.28 SDS (~ P10). For deviation of
height however different methods were reported like changing canals or percentiles, cm
per year, deviation of SDS (-2 to -0.25 SDS) or even percentages of deviation. The cut-off
for the distance to target height was either expressed in em (7-8) or in SDS (-2 SDS) and
the target height itself or the lower limit of the target range was taken as reference point.

Table 3. The use and/or consideration of auxological criteria for the referral of a child with
short stature.

Auxological criterion Countries with protocol Countries without protocol
n=14 (100%) =22 (100%)

Height for age 14 (100) 19 (86)

Deviation of height 7 (50) 10 (46)

Distance to target height 6 (43) 5(23)

Weight 321) 6(27)

Delta weight 2 (14) 3 (14)

Laboratory investigations in the diagnostic work-up of short stature

Sixteen countries (46%) reported having guidelines in secondary health care for the
diagnostic work-up of children with short stature. In all these countries biochemical tests
were used in the diagnostic work-up. Out of the 27 proposed biochemical investigations,
6 were considered useful in 25-50% of all countries, 14 in 50-75% and 7 in 75-100%
(fig 2). Clinicians of countries without existing guidelines reported a similar pattern in the
laboratory investigations in the diagnostic work-up for short stature as given in figure 2.
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The reported use of the various tests was about 10% less than in the countries with

existing guidelines.

0% 10% 20% 30% 40% 50% 60% 10% 80% 90% 100%

Ht
celindices
leucocytes
leucocyt differentiate
ESR
ferritin
ALAT
ASAT
gamma GT
alkalin phosphate

albumin

creatinine
sodium
potassium
calcium
phosphate
acid-base equilibrium
IzA-anti endomysium
IgA-antigliadin
antiglutaminase
total IgA
TSH
FT4
IGF1
IGFBP3
FSH *

Fig 2. The routine use of various biochemical tests in the diagnostic work-up for short
stature in countries with a guideline. (*Only in girls <2 years of age and >9 years of age).

Chromosomal analysis, genetic tests and bone age determination in the diagnostic
work-up of a child with short stature.

Genetic and/or chromosomal investigations are widely (100%) proposed in the diagnostic
work-up of short stature in countries with a guideline. From 50% of the countries it was
reported that chromosomal analysis should always be part of the diagnostic work-up in
girls. From 35% of the countries tests for the short stature homeobox-containing gene
(SHOX) and/or uniparental disomy (UPD) were reported (table 4). It was also generally
accepted (100%) that determining bone age should be part of the diagnostic work-

up (table 4). The method of Greulich and Pyle was reported most, either alone (in 19
countries (53%)) or in combination with the method of Tanner and Whitehouse (in 11
countries (31%)). Clinicians of countries without existing guidelines reported a similar
pattern in the diagnostic work-up for short stature (table 4).
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Table 4. The use and/or consideration of chromosomal, genetic tests and determination
of bone age in the diagnostic work up of a child with short stature in countries with a
guideline for diagnostic work up.

countries with guideline

n=16 (100%)

Chromosomal and/or genetic tests

General use 16 (100)
Chromosomal analyses in girls 8 (50)
SHOX/UPD 6 (38)
Determination of bonage
General use 16 (100)
Greulich and Pyle (GP) 14 (88)
Tanner and Whitehouse (TW) 8 (50)
GP & TW 6 (38)
Discussion

We conducted an international survey to investigate referral criteria in primary care
growth monitoring and the diagnostic procedures for short stature in secondary care used
throughout the world. A child health care system was available in 75% of the responding
countries. In 39% of the countries protocols for the referral of children with short stature
existed and in 45% guidelines for a diagnostic work-up. In general height for age was
considered as the most important referral criterion followed by height velocity and
distance to target height. Although all countries reported on the inclusion of biochemical,
radiological and/or genetic tests in the diagnostic work-up, there were substantial
differences between countries with respect to the tests of choice.

In developing countries, growth monitoring is widely accepted as a screening tool for
detecting malnutrition, and strongly supported by health professionals. There, weight for
age is the usual parameter, and only in 41% of the countries length and height for age (H/
A) is used for growth monitoring.! In industrialized countries growth monitoring may be
conducted less frequently, the preferred parameter is H/A, the purpose is to detect other
causes of growth failure than malnutrition alone, and the anticipated outcomes are less
severe.* In fact, in 14% of the countries participating in our study no organized growth
monitoring took place. In these countries growth monitoring may occur in specialized
settings in a selected sample of the population.

With respect to the reference charts used, in our study 50 % of the countries based their
charts on national/ local reference populations. This percentage is comparable to the data
for Europe collected by Onis et al., 13 but considerably higher than the 17 % found in
the same study for 202 countries all over the world. Outside of Europe the NCHS/WHO
reference population is frequently used.
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The choice of the principal referral criterion may differ in function of the principal

aim of growth monitoring. In our survey, height for age was generally considered the

most important referral criterion in our study. The deviation of height, either expressed

as height velocity or delta HSDS was considered the second most important criterion,
followed by the distance to target height. In the UK guidelines, target height is not taken
into account at all, because it is felt that parental height is unreliable.* In contrast to this
opinion, we have recently shown that the best decision rule to detect children with Turner
syndrome, one of the major causes of short stature, is the distance between height SDS
and target height.®

Although there is agreement on using biochemical, radiological and genetic tests in the
diagnostic work-up for short children, our study shows that there is no full consensus on
the tests to be used among specialists. Apart from the Dutch consensus guideline there is
no literature on the general diagnostic work-up for short stature in secondary health care,
although specific guidelines on the diagnosis of growth hormone deficiency in childhood
and adolescence have been published.'>1° However, these guidelines cover only part of
the diagnostic work-up, since they start from the assumption that other causes of short
stature have been excluded earlier.

With respect to radiological investigations, we only collected information about bone
age determination, which are apparently universally used. We assume that in case

of disproportionate shortness, clinicians usually perform additional radiological and
genetic investigations as part of a multidisciplinary approach for the diagnosis of skeletal
dysplasias,!? but we have not investigated this. An increasing number of genetic causes
of short stature are being found and several genetic tests are available in the diagnosis
of short stature nowadays.!® However, according to our survey, genetic analysis for UPD
or SHOX is only considered in 30-39% of the cases. Meanwhile treatment with growth
hormone in children with SHOX seems to be effective and therefore early diagnosis is of
great importance.'? In 50% of the countries routinely screening for Turner syndrome in
short girls has been recommended.

Even though the results presented in this paper are derived from the responses of a
relatively small group of pediatric endocrinologists to questionnaires, and thus potentially
biased, we believe that they give a good impression of the diversity in the growth
monitoring process and the diagnostic work-up of growth disorders in industrialized
countries. This is not astonishing, because little experimental data has been published on
these topics. We believe that more studies are needed on the diagnostic value and cost-
effectiveness of auxological screening for the diagnosis of various diseases, similarly to
the recent report on Turner syndrome.® Secondly, we believe that the prevalence of the
disorders known to cause short stature has to be established in short children without any
abnormal symptoms or signs. This prevalence, in combination with the severity of the
disorder and possibilities for treatment, should be taken into account for the decision to
use 