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Abstract 

The clinical assessment of children with tall stature 
and/or accelerated growth (TS/AG) is complicated 
because of several reasons. First, there are different 
criteria with arbitrary cut-off limits (tall for the popu-
lation, tall for target height, accelerated growth). Se-
cond, there are many possible causes, and most are 
rare to extremely rare, and usually, no cause can be 
found (idiopathic tall stature, familial or non-familial). 
Third, the conditions with the most important thera-
peutic implications (Klinefelter syndrome and Marfan 
syndrome) may be difficult to diagnose in childhood 
by mere physical exam and growth trajectories alone. 
Fourth, these three issues have made it difficult to es-
tablish effective guidelines for referring patients from 
preventive health care to paediatric clinics, and for an 
appropriate diagnostic approach, including genetic 
analysis. In addition to obtaining a proper diagnosis, 
an additional goal is to predict adult height and offer 
rational advice to patients and parents on possible in-
terventions to reduce adult height. Since the adminis-
tration of high doses of sex steroids has shown to be 
associated with later fertility problems in females, and 
the balance between the limitation of adult height and 
adverse events is suboptimal in males, bilateral percu-
taneous epiphysiodesis of distal femur and proximal 
tibia is currently the only available treatment to reduce 
adult height.

Introduction

The diagnostic approach of children and adolescents 
who are referred to the clinic of the paediatrician and 
paediatric endocrinologist because of tall stature (TS) 

and/or accelerated growth (AG) is challenging for se- 
veral reasons.

The first issue concerns the definition of this patient 
group. A child can be tall in relation to population 
reference charts or in relation to parental heights or 
both, and the shape of the growth curve can show an 
upward trend compared with the standard deviation 
score (SDS) lines of the population reference charts, or 
not. This implies that the clinician has to assess these 
three criteria. For each of these criteria cut-off limits 
are needed, but obviously these are statistical and to 
some extent arbitrary. In this review paper we use the 
abbreviation TS/AG for a clinical presentation in which 
at least one of the criteria is met. 

The second challenge is that there are many possible 
causes of TS/AG, which are different in terms of fre-
quency (but usually the incidence is low to extreme-
ly low), growth pattern, additional clinical features 
(and therefore associated with variable degrees of 
difficulty to diagnose in childhood), and clinical rele-
vance. In this context it is important to mention that 
the two clinical syndromes that are relatively frequent 
causes of tall stature in childhood  with  also signifi-
cant clinical relevance, Klinefelter syndrome (KS) and 
Marfan syndrome (MFS) (with an estimated incidence 
of 1-1.5/1000 and 2.3/10,000, respectively (1)), may 
present with a height SDS of <2 for population refe-
rence charts. However, this does not only apply to 
these two syndromes: in almost all syndromes asso-
ciated with tall stature mean height SDS is increased, 
but the spread of the distribution of height SDS over-
laps with the spread of height SDS in the reference 
population.   
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The third issue is that for these two disorders an early 
diagnosis has shown to be very difficult. For KS, the 
main reason appears to be that the most common 
presentation includes behavioural problems, learning 
disabilities, and delayed motor and speech devel-
opment, which is rarely reason to visit a doctor, and 
even more rarely reason to be referred to a paedia-
trician. The only physical sign in infancy or childhood 
that may be a reason to be referred to a doctor is 
micropenis and/or cryptorchidism, but this is usually 
insufficient reason to carry out a genetic assessment. 
Only in late adolescence a delayed puberty, small 
testicular size, scoliosis, kyphosis or gynaecomastia 
can be an indication to visit the paediatrician or pae-
diatric endocrinologist. For MFS the physical signs 
can be mild and height can be within the reference 
range and close to the mid-parental height (Target 
height, TH), especially if there is an undiagnosed, af-
fected parent with MFS. This leads to a substantial 
delay in referral to paediatricians and paediatric en-
docrinologists.      

Fourth, these three challenges have made it complica- 
ted to design effective guidelines for referral criteria that 
can be used by preventive child health organisations 
and family practitioners. Equally difficult has it been to 
develop an optimal diagnostic approach for children 
presenting with TS/AG at the office of the paediatrician 
or paediatric endocrinologist. In the Netherlands, two 
multidisciplinary working groups have recently published 
practical guidelines on referral criteria for physicians 
working in preventive child health (2) and on the diag- 
nostic approach for general paediatricians (1), but their 
efficacy has still to be assessed under field conditions.

In the present contribution we wish to focus on several 
complicating issues in the diagnostic approach of chil-
dren referred for TS/AG to the paediatric (endocrine) 
clinic, including the role of genetic analysis. We shall 
also shortly discuss the management of such children 
and adolescents.  

The role of the three growth criteria in the defini-
tion of tall stature and/or growth acceleration

As explained previously (1), we chose to define TS/AG 
in childhood or adolescence if linear growth complies 
with one or more of the following criteria: 

1)	 tall for the ethnic population; 

2)	 tall in comparison to parental heights; or 

3)	 growth acceleration, defined as a positive change 
of height SDS (HSDS). 

For practical purposes, tall for the ethnic population 
is defined as a HSDS >+2.0, based on suitable refer-
ence charts for height for age, sex and ethnicity.

The criterion for being tall for the genetic background 
(represented by parental heights) is based on the 
difference between HSDS and the sex-corrected 
mid-parental height SDS (Target height, TH). Unfortu-
nately, there is no consensus among paediatric en-
docrinologists about which mathematical equation for 
TH should be used, which difference between HSDS 
and THSDS is statistically abnormal, and whether se- 
cular trends should be incorporated. As explained 
in more detail elsewhere (1), we favour the use of the 
conditional THSDS (adjusted for assortative mating 
and regression bias) and a cut-off of 1.6 SDS around 
HSDS-THSDS (3).

For the third criterion (AG) it appears logical to use 
a positive change in HSDS over time, away from the 
THSDS. We favour to use the delta HSDS rather than 
height velocity (cm/year), because we assume that the 
former is less age dependent. We took a pragmatic 
approach and consider a positive change of HSDS > 
1 SDS over an undetermined time interval, before the 
onset of puberty, as “accelerated”.

During puberty none of the three indicators is believed 
to have a good sensitivity or specificity for detecting 
pathological causes, and the clinician should try to 
compare the growth pattern with what he or she ex-
pects at the pertinent pubertal phase.

Causes of TS/AG, and their estimated frequency, 
presentation and clinical relevance

In accordance with the ICPED classification (4), the 
causes of TS/AG are divided into three main groups: 
primary growth disorders (assumed to be associated 
with a disorder within the epiphyseal growth plate), 
secondary growth disorders (influencing the growth 
plate via the blood circulation) and idiopathic tall sta-
ture (ITS) (subdivided into familial, non-familial and 
constitutional advanced growth (CAG)) (1).

Table 1 shows the list of major causes, with their es-
timated incidence, presenting growth patterns (regar- 
ding the three indicators mentioned above), additio- 
nal clinical features, and clinical relevance. Regarding 
estimated frequency, the great majority of causes is 
rare (<1/1000) to extremely rare (<1/100.000). Most 
relatively frequent causes (estimated incidence of 
>1/1000) have a low clinical relevance (e.g. idiopathic 
tall stature) or are easily diagnosed at physical exami-
nation (e.g. obesity and precocious puberty).

The only relatively frequent condition associated with 
a high clinical relevance is KS (for detailed arguments 
in favour of early diagnosis, see (1,5,6)). Unfortunately, 
this diagnosis is rarely established in childhood and 
adolescence (7), because the growth curve is usually 
within the population reference, the growth accelera-
tion is mild and confined to a special age interval (3-8 
years), and the clinical presentation is nonspecific and 

Tall stature and/or accelerated growth: diagnostic and therapeutic approach
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mainly associated with behavioural problems (Table 1). 
We assume that most KS cases are not seen by a 
medical specialist before young adulthood, and even 
less by a paediatrician or paediatric endocrinologist.

Another condition with a high clinical relevance is 
MFS (or one of the Marfanoid syndromes), with an es-
timated incidence of 0.2/1000 (8). This disorder also 
frequently escapes medical attention (9), because the 
physical signs can be mild and nonspecific, and height 
can be within the population reference range and often 
within the TH range (particularly if one of the parents is 
also affected). In a Danish cohort, the diagnosis only 
became apparent because of a major cardiac event in 
12.9% of patients (9).

Other examples of primary growth disorders asso- 
ciated with TS are very or extremely rare, and usually 
present with typical clinical features (Table 1), which 
usually enable the clinical geneticist or paediatrician 
to suspect the diagnosis and confirm this by gene-
tic analysis. For some syndromes tall stature is a less 
frequently occurring clinical feature than previously 
assumed. For example, in a retrospective study on 
MEN2B syndrome, only 2 out of 24 children were 
tall and most patients were short (10). In children with 
PTEN-related syndromes, height is usually normal, 
and tall stature was observed in 20% of males and 
none of the affected girls, while macrocephaly was 
observed in almost all patients (11).

There are only few secondary growth disorders 
associated with TS/AG, and most are extreme-
ly rare, except for hyperthyroidism (estimated inci-

dence 1-6.5/100.000) (12), precocious puberty (boys 
<5/10,000, girls: 20/10,000) and obesity (prevalence 
dependent on the country). Also in these conditions 
height SDS can be within the reference range. For exam- 
ple, the mean (SD) height of children with familial glu-
cocorticoid deficiency in a large cohort was 1.8 (1.5) 
SDS (13).    

If no cause can be found in a tall child, the term “cons- 
titutional tall stature” has often been used. We prefer 
the term “idiopathic tall stature” (ITS), mirroring the term 
“idiopathic short stature (ISS). ITS is further subdivided 
into familial and non-familial, based on the distance 
between HSDS and THSDS. “Constitutional advance-
ment of growth” (CAG) is the assumed mirror image of 
constitutional delay of growth and puberty (CDGP) (14).

In the few available reports the diagnostic yield of a 
pathologic cause of TS/AG was low (1.5-12%) (15-17).   

Initial diagnostic approach of the child with TS/
AG

In our recent guideline (1), we proposed a stepwise 
diagnostic approach, with an emphasis on trying to 
increase the percentage of children with KS or MFS 
diagnosed in childhood, and other pathological cau-
ses. A secondary goal is to adequately predict adult 
height based on the growth pattern and bone age, 
which allows for appropriate information and advice to 
the patients and parents (1).

A simplified version of the flow chart (1) is shown in Fi- 
gure 1. The flow chart aims at offering the most ra-

Tall stature and/or accelerated growth: diagnostic and therapeutic approach

Figure 1. Simplified flow chart for diagnosis of children referred for tall stature and/or accelerated growth.
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tional and efficient diagnostic approach for children 
referred for TS/AG, focusing on important diagnostic 
clues in medical history and physical examination, the 
shape of the growth curve as a diagnostic clue, and 
the role of additional laboratory and genetic testing.

When taking a full medical history, performing a full 
physical examination and examining the growth 
curve, the clinician should have a basic knowledge 
of the symptoms, physical signs and growth patterns 
associated with pathological causes of TS/AG. We 
believe that such clinical assessment should be done 
irrespective of whether the growth pattern is “abnor-
mal” in the statistical sense, since several syndromes 
associated with TS/AG often present with a height 
within the population range. Tables with diagnostic 
clues for a primary of secondary growth disorder can 
be found in our previous publication (1). Based on the 
presence or absence of diagnostic clues for primary 
or secondary growth disorders, the clinician may de-
cide to perform laboratory investigations or third-line 
consultations.

Without going into much detail, we wish to mention a 
few important issues regarding the medical history (for 
an exhaustive list, please see Table 1 in Lauffer et al 
(1)). For example, information on foetal growth (particu-
larly birth length, or first measured postnatal length) is 
vital, since excessive foetal growth is suggestive of a 
primary growth disorder. Another diagnostic clue for 

primary growth disorders is any form of developmental 
delay (including delay in development of speech and 
language), or behavioural problems. Information about 
the onset and presentation of pubertal signs (as a clue 
for a central or pseudo-precocious puberty) should of 
course be collected. In the family history, information 
should be collected about a possible dominant pattern  
of tall stature, cardiac or eye conditions at a relatively 
young age in family members (as a clue for MFS) and 
a positive history in one or both of the parents for ad-
vancement of growth in the first decade of life with a 
normal adult height (for constitutional acceleration of 
growth).

Regarding relevant issues in the physical examina-
tion (for more details, see Table 2 in Lauffer et al (1)), 
we emphasize that besides height, weight and head 
circumference, it is generally advised to assess body 
proportions. The main reason is that increased length 
of the extremities is considered a diagnostic clue for 
MFS, KS and SHOX duplications (16).

There are two body measurements needed to assess  
body proportions: sitting height and arm span. Sitting 
height is used to calculate the sitting height/height 
ratio, and convert this to an SDS based on suitable 
reference data (for example (18) in Spain). Arm span is 
used to assess the relationship between arm span and 
height, either by calculating arm span minus height (19) 
or arm span/height ratio (20). However, there is some 
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Figure 2. Range of growth curves of boys with Klinefelter syndrome against populations references.
The middle continuous line is the mean of the cohort, and the upper and lower continuous lines show the upper and lower ranges 
of the cohort, respectively. While in most boys HSDS stays within the population range, mean height of the cohort accelerates from 
3 years onward, which is particularly clear between 5 to 8 years. The population references (dotted lines) are based on the 2000 
CDC (Centers for Disease Control and Prevention) stature-for-age charts for males aged 2 to 20 (51). Redrawn from Ratcliffe et al (5). 
Previously published by Lauffer et al (1). Reproduced with permission from the Publisher S. Karger AG, Basel, and authors.
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doubt about the diagnostic value of body proportions 
as part of the criteria to perform genetic testing for 
these two conditions. If sitting height/height ratios 
of adolescents with MFS were plotted on a graph 
of sitting height/height ratio SDS versus height SDS 
in healthy children (21), only 3 out of 10 adolescents 
showed a value of -2 SDS adjusted for height SDS.

There is also doubt about the diagnostic value of 
arm span/height ratio as part of the criteria for MFS. 
In the revised Ghent nosology (20) an increased arm 
span/height ratio (>1.05) is still part of the guideline 
for adults (20), but its diagnostic value may be limited 
in children (22) and in people of Asian origin (23,24). This 
limitation may be related to the fact that arm span/
height is age dependent and also varies across ethni- 
cities (25,26).

Similarly, the diagnostic value of an increased arm 
span/height ratio for children and adolescents with KS 
may be less than initially estimated. Adult KS patients 
typically show a positive arm span/height ratio, with 
span length exceeding height with at least 2 centime-
ters (27), but this cut-off applies to more than half of the 
healthy male population in Western countries (25), and 
there is little information about its value in children and 
adolescents. Still, arm span appears to vary depen- 
ding on the origin of the supernumerary X-chromo-
some (28). More data are needed of body proportions 
in genetically confirmed individuals with MFS and KS.

Special attention have to be paid to dysmorphic fea-
tures that are associated with growth disorders, as 
well as Tanner stage (details are shown in Table 3 in 

Lauffer et al (1)). Observations obtained at physical exa- 
mination can be compared with the lists of clinical fea-
tures of KS (7) and MFS (20).  Regarding MFS, it has 
been argued that in children a lower threshold (≥ 3-4 
points compared to ≥ 7 points in adults) should be 
sufficient to consider cardiac ultrasonography and/or 
genetic testing for MFS (29). Expert consensus and/or 
review articles are also available for many other syn-
dromes associated with TS (listed in (1)).

As discussed in the first paragraph, the analysis of 
the linear growth curve essentially includes three ele-
ments: HSDS, HSDS minus THSDS and change of 
HSDS. Several syndromes are associated with cha- 
racteristic growth patterns. While most boys with KS 
have a height within the population range, growth acce- 
lerates from 3 years onward, which is particularly clear 
between 5 to 8 years, predominantly due to an in-
creased leg growth, while the pubertal growth spurt 
varies (5,7,28,30,31) (Figure 2). Most boys have an HSDS in 
the upper half of the reference range (32) and average 
adult height is 4-10 cm above the mean for the po- 
pulation (5,32).  

Figure 3 shows growth curves of Korean male and fe-
male MFS patients (24), compared with the Korean refe-
rence chart. The mean HSDS is consistently above +2 
SDS from age 2 onwards, but not all patients have a 
height >2 SDS. For a typical growth curve of a child 
with a growth hormone producing pituitary adenoma 
we refer to our previous publication (1). 

The last element of the clinical assessment is the ra-
diograph of the left hand and wrist. The first purpose 
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Figure 3. Range of growth curves of Korean boys and girls with Marfan syndrome against population references. 
The mean HSDS in this cohort is consistently above +2 SDS from age 2 onwards. The population references (dotted lines) are for Ko-
rean boys and girls, respectively. The ranges are given in percentiles. It is noteworthy that not all patients are tall compared with the 
reference charts. Redrawn from Kwun et al. (24). Reproduced by permission of the Korean Academy of Medical Sciences. Previously 
published by Lauffer et al (1). Reproduced with permission from the Publisher S. Karger AG, Basel, and authors.
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is to assist in the diagnostic process, because several 
pathological causes are associated with severely ad-
vanced bone age (e.g. Sotos syndrome, Weaver syn-
drome, (pseudo)precocious puberty, hyperthyroidism 
and CAG) (14,33,34). Bone age is usually assessed using 
the Greulich & Pyle method (35), and predicted adult 
height (PAH) via the Bayley & Pinneau (B&P) tables 
(36), either using the atlas or a computerized system 
(37). For extensive reviews on bone age, the reader is 
referred to the review papers of Martin et al (38,39). In 
fact, adult height prediction is a frequent reason for 
referring a tall child.

Further, the gestalt of the hand can suggest certain diag- 
noses, such as long slender phalanges in MFS, and 
bone age serves as the basis of adult height prediction 
in children above approximately 10 years.

Further targeted diagnostic procedures

In case of at least one clue for a primary growth disor-
der, and particularly if the initial assessment is sugges-
tive for KS, MFS or other syndromes, genetic investi-
gations are indicated.

Traditionally, a clinical suspicion of KS is confirmed by 
karyotyping, but in our laboratory we prefer an array 
analysis (SNP-array or CGH-array) as the first diag-
nostic step. The advantage of using a microarray is 
that it also allows for detection of copy number va- 
riants (CNVs, microdeletions and microduplications), 
for example a duplication of the SHOX gene. Triple 
SHOX gene copy syndrome is associated with very 
tall stature and relatively long legs (16). It also enables 
the detection of uniparental disomy (UPD), for exam-
ple Beckwith-Wiedemann syndrome (40). However, one 
should note that a normal chromosomal microarray 
result does not always exclude UPD, as shown for 
UPDs in chromosome 15 (41). Further, the difference 
in costs between the two diagnostic tools may play a 
role in the decision.

If MFS appears likely because of the compliance with 
the Revised Ghent criteria (20), a clinical geneticist (pre- 
ferably affiliated to a Marfan expert clinic) may differen-
tiate between MFS and several Marfan-like syndromes 
and perform genetic testing of FBN1 and/or a panel of 
genes including FBN1. In case of a positive diagnosis, 
genetic counselling is offered to the patient and family.

In children with clinical features consistent with ano-
ther primary growth disorder, further diagnostic workup 
by a clinical geneticist or paediatric endocrinologist 
may be warranted. Traditionally, a candidate gene ap-
proach is taken if clinical features are highly suggestive 
for a specific genetic syndrome, for example based 
on one of the established clinical scores. Presently, 
targeted gene panels are being increasingly used in 
such cases, (reviewed in (1)). In cases with an apparent 
novel form of syndromic TS, nontargeted trio exome 

sequencing may be indicated. This can indeed lead to 
unsuspected novel causes, such as an activating va- 
riant of NPR2 (42) or an inactivating variant of NPR3 (43). 

If a secondary growth disorder appears likely, further 
diagnostic procedures depend on the specific cli- 
nical features. Obese children display an accelerated 
growth and an advanced bone age (44), which some-
times presents as HSDS > +2. However, pubertal and 
skeletal development are usually advanced and con-
sequently adult height is within the normal range (45). 
AG due to hyperthyroidism is very rare, and can easily  
be diagnosed by serum FT4 and TSH. Important diag- 
nostic clues for familial glucocorticoid deficiency in-
clude  hyperpigmentation, hypoglycaemia and sei-
zures (13). GH overproduction is extremely rare in the 
paediatric age range but should be excluded if the 
physical exam, growth charts and serially elevated 
IGF-1 levels are suggestive of this condition and no 
other cause be identified.

Management of the tall child

Obviously, management is primarily dependent on the 
underlying diagnosis. In most cases no pathologic 
cause can be found (ITS), and in some of them the 
predicted adult height is so tall that children and their 
parents may ask for a treatment to limit adult height. 
This request can also come from very tall syndromic 
children.

If the child and parents are indeed worried that adult 
height will become excessive, the estimated PAH 
plays an important role. Obviously, the accuracy 
of PAH increases by age, but at the same time the 
potential reduction of adult height by an intervention 
decreases. In the Netherlands, we advise to repeat a 
bone age and PAH estimation if the PAH is >2.3 SDS 
and if current height is 15 cm lower, so that a timely 
and informed decision can be made whether or not 
the patient and his or her family are seeking height-re-
ducing treatment or not. For the tall population of the 
Netherlands, a PAH of 2.3 SDS equals 200 cm for 
boys and 185 cm for girls. When patients present at a 
later stage, epiphysiodesis is not effective anymore. If 
puberty starts late or shows a slow progression, one 
should be aware of the possibility that attained height 
may be substantially higher than predicted, so that 
more frequent bone age assessments may be indi-
cated.  

If the tall adolescent and the parents indeed consider 
an intervention to reduce adult height, it is the task of 
the paediatric endocrinologist to fully discuss the pros 
and cons of such intervention with them. In the past, 
high doses of sex hormones were prescribed in such 
cases, but the risk of later fertility problems in treated  
women has made this treatment obsolete (46,47). At 
present, the only intervention we offer is percutaneous 
epiphysiodesis. In the discussion with the patient and 
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parents it is important to assess  their perspective and 
coping abilities, and inform them about the predicted 
effect on adult height and about the possible adverse 
effects. The predicted effect is a loss of one third of the 
expected residual growth and the adverse events (e.g. 
complications of the operation) are usually mild (48-50). 
Clearly, this is a personal decision from the part of the 
patient and his or her parents, based on their personal 
values, concerns and future outlook on life as an ex-
tremely tall adult. In our experience, only a subset of 
patients that are offered the option of epiphysiodesis, 
ultimately choose for surgical intervention and in cas-
es of persistent doubt, we typically advise patients to 
refrain from any type of surgical therapy.

Conclusion

Diagnosis and management of children and adoles-
cents with TS/AG is a challenge because of the arbi-
trary definitions, large number of potential (mostly rare) 
causes and the nonspecific presentation of the most 
relevant disorders (KS and MFS), including a height 
within the reference range. Increased awareness of 
the clinical features of KS and MFS at all echelons of 
preventive and curative medicine is needed to increase 
the percentage of cases diagnosed in childhood. If 
KS is suspected, microarrays appear a more efficient 
tool than karyotyping if microarrays are readily avai- 
lable to the practitioner at a reasonable cost. Mana- 
gement is primarily dependent on the diagnosis, but 
also includes an accurate adult height prediction. In 
case of a tall predicted adult height, a balanced dis-
cussion with the child and parents is needed about 
pros and cons of surgical intervention.   
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