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Treatment of Short Stature
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A family seeks evaluation and treatment of short stature for their 11.5 year-old son. Having
previously grown along the 3 percentile, his growth rate has slowed during the past 2 years
to a height just below the 15 percentile (Figure 1). The mother is 5’0” and the father is 5°6”.
Birth size was normal. Past medical history and review of systems are unremarkable.
Physical examination is normal with pre-pubertal development. CBC, ESR, TSH, tissue
transglutaminase antibody, IGF-1, and post-provocation GH levels are normal. Skeletal
maturation (bone age) is ~9 years. Predicted adult height is 5’5"+ 1.3 inches.! How should
this case be managed?

The Clinical Problem

Childhood short stature is the most common reason for referral to pediatric endocrinologists.
While evaluation for growth-inhibiting disorders is often indicated, most children with short
stature are essentially healthy. Testing for GH secretion is often unable to clearly distinguish
isolated GH deficiency (GHD) from idiopathic short stature (ISS). Recombinant human GH
(hGH) treatment can increase adult height of children with 1SS by 3-7cm, with wide
variation in incremental gain.2=> The FDA in 2003 approved hGH treatment for children
with ISS and height <1st percentile (—2.25 SDs), implying that at least 500,000 U.S.
children (i.e. ~1% of children ages 4 to 13)8 have a condition for which there is available,
effective, and expensive (~$10-60,000/patient/year) treatment,3 and giving rise to
therapeutic controversies, uncertainties, and inconsistencies that often overshadow the
problem of shortness itself.
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Strategies and Evidence

Evaluation

Evaluation of children with short stature must consider many potential causes (Figure 2).”
While evaluation is needed to rule out disorders such as true growth hormone deficiency,
Turner syndrome, hypothyroidism, or chronic diseases, the majority of children with short
stature are ultimately diagnosed with ISS arising from normal variants such as familial short
stature (FSS) and/or constitutional delay in growth and puberty (CDGP). In general, growth
rate that is abnormally slow for chronological and skeletal age should prompt thorough
examination and possible laboratory evaluation. Growth patterns differing markedly from
mid-parental height (estimated by averaging parents’ sex-specific height percentiles) are also
of concern, although these estimates are less accurate when parental height percentiles are
more disparate and also assume that parental height was not itself diminished by a growth-
restricting condition. A family history of late pubertal onset and age of adult height
attainment may suggest slowed “tempo” of growth and development (e.g. CDGP). A history
of intrauterine growth restriction should also be assessed, as about 15% of such children
remain short.”

Physical examination should assess for abnormal body proportions (e.g. increased upper-to-
lower body segment ratio — derived from comparisons of sitting and standing height —
suggesting bone dysplasia or Turner syndrome), characteristics suggesting genetic
conditions (e.g. lymphedema or low posterior hairline for Turner syndrome, pulmonic
stenosis murmur for Noonan syndrome), or findings (e.g. goiter) to suggest hypothyroidism.
Disproportionately poor weight gain may suggest nutritional disturbance or chronic disease.
Although children with true GHD may have classic physical findings such as increased
subcutaneous fat, most present primarily with attenuated growth from infancy (congenital
GHD) or later (acquired GHD).

FSS and/or CDGP are the most common explanations for short stature. However, when (1)
height-for-age is less than 1st percentile, (2) growth rate is less than 10th percentile for
skeletal age; (3) predicted adult height® differs significantly from mid-parental height; and/or
(4) body proportions are abnormal, laboratory evaluation is warranted.(Figure 2) Screening
laboratory studies target potential hormonal (e.g. thyroid), renal (electrolytes, creatinine),
inflammatory/immune (ESR, tissue transglutaminase antibody), and hematologic (CBC)
disorders. Genetic testing for specific syndromes may be indicated by physical findings or
simply a growth pattern and height projection differing significantly from the family.
Assessment of the GH-1GF axis begins with a serum IGF-1 level, but, since levels rise
rapidly with puberty onset, results must be interpreted relative to skeletal rather than
chronological age. Normal IGF-1 for skeletal age excludes severe, but perhaps not less
severe, forms of GHD.8 Testing GH levels following provocation with various agents is the
classic method for assessing GHD, but the interpretation of results is complicated by
variation in testing procedures and unclear sensitivity/specificity (and variation among
countries) of cut-offs used for diagnosis. The diagnostic value of stimulated GH levels
(especially 5-10 ng/ml, with >10 ng/ml a conventional threshold suggesting adequate GH
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secretion) is controversial. Moreover, relatively low GH levels during late childhood may
return to normal after puberty begins® or with sex-steroid priming.10

A low IGF-1 level and low provoked GH levels (e.g. <5 ng/ml) in a child with attenuated
growth strongly suggests GHD; pituitary MRI can be helpful in such cases, since abnormal
findings such as diminished pituitary size or ectopic/absent posterior pituitary enhancement
further support this diagnosis.! For the large majority of short children, however, history
and examination are unrevealing, and tests yield equivocal or normal results. These children
are generally considered to have non-GHD short stature - ISS or normal variants (i.e. FSS
and/or CDGP, both of which are sometimes included under the umbrella of ISS).12

Management

Children with non-GHD short stature may receive markedly different recommendations that
vary in complexity and costs and for which relative benefits and risks are uncertain.
Management decisions often evolve from primary care physicians’ threshold for specialist
consultation to rule out pathologic causes of shortness, pediatric endocrinologists’
perspective about use of growth-promoting medications, insurance,3-16 and parents
concerned that their child is “noticeably shorter than the other kids” or “teased because of
his/her size.” Their potentially valid concern - “my child is short and needs help to be
taller”- ranges in meaning from “will s/he be disabled by short stature as an adult?” to “will
s/he be disadvantaged in social and career success?”1” to “would s/he feel better if s/he were
taller?”18

Once referred to endocrinologists, decisions regarding treatment depend on physician and
family perspectives on: 1) whether short stature is a disorder or disability warranting medical
treatment and, if so; 2) whether the therapeutic goal should be faster growth during
childhood or a normal, increased, or maximum attainable adult height; 3) responsible use of
resources, and concerns about long-term safety.1519

Management options for non-GH deficient short stature

The rationale for treating childhood short stature includes increasing height and alleviating
psychosocial disability while maintaining favorable risk/benefit and cost/benefit ratios.
Selection among management options may therefore depend on the degree to which each
meets these goals.

Observation and reassurance with no treatment (Figure 3A)—Observation is a
reasonable strategy for most children with FSS or CDGP.20 While a child may be teased or
feel sad about being short, comparisons of non-GHD short children to taller peers21:22 or
psychosocial assessment of short adults23 indicate that psychological stress can be?2 but is
not predictably?! related to stature. Further, increases in growth rate and height resulting
from androgen?4 or hGH treatment (including one single double-blind, placebo-controlled
trial)2° have not predictably improved psychosocial well-being, even when the surrogate
measure of final height is increased.26:27 Without treatment, while shortness compared to
peers may temporarily worsen in late childhood due to delayed puberty (Figure 3A),
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predicted adult height (and height eventually achieved) will likely approximate the low
normal range target height consistent with parental heights.

Height-promoting treatment with hGH—FDA approval of hGH for children with
1SS28 implies that etiology of short stature — and GH secretory status — is not critical in
decisions about whether such children should be treated.2° Data from randomized controlled
trials,* observational dose-response® studies, and systematic reviews? indicate that hGH
therapy in children with ISS increases growth rate and mean adult height (by 3 to 7cm or
~1cm/year of hGH treatment). 24512 The response is variable, influenced positively by
baseline younger age, delay in skeletal maturation,* and taller parents (and negatively by
shorter parents).2 Subcutaneous, daily (superior to less frequent administration)3° hGH is
dosed at 0.2-0.375 mg/kg/week. Dose modulation may influence effect; dosages in the
higher end of this range30:31 and titration of dosage to achieve high-normal IGF-1 levels32
lead to faster growth and perhaps to taller adult height33, although this has not been assessed
in randomized trials. Doubling hGH dosage during puberty until epiphyseal closure, in one
controlled trial, further increased near-final height.(Figure 3F)3* Treatment is typically
continued until epiphyseal closure (Figure 3E) or to a height subjectively considered
“satisfactory” by the child/family and physician. Alternatively, since most children with
equivocal GH tests demonstrate normal endogenous GH secretion and sustained normal
growth to normal height after onset of puberty,3® a 4-6 month trial off hGH (with
reinstitution of therapy if growth slows abnormally) can be considered when signs of
puberty are evident?? (Figure 3C) The effect of such an approach on adult height has not
been examined in randomized trials.

Extensive clinical experience indicates that on-treatment risks of adverse effects from hGH
are low (e.g. rare occurrences of intracranial hypertension, glucose intolerance, slipped
capital femoral epiphysis).36 However, safety data from post-marketing surveillance studies
likely underestimate risks associated with higher hGH dosages and changing patient risk
factors (e.g. increased prevalence of obesity with higher risks of diabetes) and do not inform
post-treatment metabolic or malignancy risks.37-39 A long-term follow-up study of GHD,
ISS, and small-for-gestational-age individuals from France reported an increased post-hGH
treatment standardized mortality ratio of 1.33;40 assessment of cause —specific mortality
identified higher risks of death attributable to bone cancer and circulatory system disorders
in GH-treated persons, and increased risk with hGH dosage >0.35mg/kg/week. However, a
similar surveillance study from Belgium, Netherlands, and Sweden did not confirm these
findings.*! Additionally, hGH treatment for 1SS is expensive, estimated at ~$35,000—
$50,000 per inch.342 Higher dose regimens and longer treatment duration increase costs
(and may also increase risks).2? (Table 1)

Treatment to increase growth rate without hGH—Non-hGH growth-promoting
therapies for short peri-pubertal boys include low-dose androgen therapy with either
injectable testosterone or oral oxandrolone (e.g. 1.25-2.5 mg/day). Both are relatively low in
cost, and, though not FDA-approved for growth acceleration, increase growth rate by 3-5
cm/year for 1-3 years in controlled trials.2443:44 To avoid accelerated estrogen-mediated
epiphyseal maturation, oxandrolone (not aromatized to estrogen), is theoretically preferred
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over testosterone when skeletal age is < 11 years. Oxandrolone is usually discontinued after
a documented rise in endogenous testosterone; long term follow up studies indicate that
treatment is followed by normal pubertal growth and eventual attainment of an adult height
equal to or slightly greater than*3 pre-treatment predicted height. (Figure 3B) Extensive
clinical experience indicates that risks of low-dose androgen treatment (e.g. adverse hepatic
or lipid effects) are low, 244344

Aromatase inhibitors (which reduce estrogen production and delay skeletal maturation) have
been used experimentally in boys to prolong pubertal growth and increase height, but are
more expensive, have less growth-accelerating effect than androgens, and actual adult height
gains*® have fallen short of prior 4-6 cm predictions.*6 With concerns about potential
adverse effects of estrogen deficiency during pubertal growth, including vertebral body
deformities,*® they cannot be recommended for short stature treatment outside of
investigative studies.

Areas of Uncertainty

Decisions regarding the treatment of non-GHD short stature are complicated by
uncertainties about the morbidity of short stature, appropriate therapeutic goals, and
determination of risk (and cost)-benefit ratios. The assumption that shortness is predictably
associated with psychological distress is challenged by studies demonstrating only minor
difficulties in behavioral adaptation and normal psychological function in short-statured
children21:47 and adults.23 It is therefore unclear whether or how to include psychosocial
factors in determining therapeutic objectives.

If treatment is instituted, should the goal be short-term growth acceleration or increased
adult height? If the latter, should the aim be an adult height within the statistical normal
range (e.g. 5" percentile: ~5°5” for man, ~5° for woman), a height matching family heights,
or a height as tall as safely possible? These different goals carry markedly different costs;
the last 1-3% of potential height gain may increase total expenditure by 20%.1° Without
evidence that the surrogate measure of increased height improves patient well-being,2°
different treatment strategies cannot be differentiated based on quality of life outcomes.

Finally, more data are needed to inform potential risks of long term hGH therapy. Given
evidence supporting a role for the GH-IGF system in the pathogenesis of various cancers,*’
more data (preferably from large international collaborative studies) are needed to better

understand the existence and magnitude of any long-term disease risks associated with hGH
39,47
use .°%

Guidelines

Existing guidelines and consensus statements from professional societies (Growth Hormone
Research Society, Pediatric Endocrine Society, European Society for Paediatric
Endocrinology) on treatment of non-GHD short children1248 review FDA guidelines,
address issues of interpreting GH stimulation tests and IGF-1 levels, outline possible hGH
doses, describe hGH risks and possible benefits, and recommend aspects of treatment
follow-up. However, they do not specify how to select among therapeutic options for short
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stature, the goals and cost-effectiveness of medical intervention, and on when/whether to
discontinue treatment in cases in which it is initiated.

Conclusions and recommendations

The peri-pubertal boy described in the vignette is markedly short, but otherwise appears
healthy. While his earlier life growth pattern and predicted height match that expected based
on family heights, slowed growth rate and severity of short stature justify screening studies
to rule out underlying disease or frank GHD. Normal findings on these tests support a
diagnosis of ISS (FSS combined with, and exacerbated by, CDGP). Options for treatment of
ISS should be discussed with the child and his parents, including observation and
reassurance, hGH therapy, or shorter term androgen therapy. One reasonable strategy is
observation, supported by the lack of good evidence linking short stature with psychological
morbidity or demonstrating long term psychosocial benefit with growth-enhancing therapy,
and the expectation for eventual achievement of adult height approximating mid-parental
height. Alternatively, hGH treatment has been shown to increase growth rate and, to varying
and albeit generally modest degrees (3 to 7 cm), eventual adult height While hGH treatment
has a strong safety record, it is costly, requires daily injections, and could potentially have
remote adverse effects that are relevant to treatment decisions for an otherwise healthy
child.4® A third option is low-dose, shorter-term oral oxandrolone treatment, which also
stimulates growth, is given orally, has relatively low cost, but has no proven salutary effect
on eventual attained height.

Whereas height augmentation treatment has a role in some cases of non GHD short stature,
and in particular may benefit children with extreme, disabling short stature, benefits of
treatment are uncertain for the vast number of otherwise healthy children with marginal
shortness likely to reach relatively short but normal adult heights. Further, for those who are
treated, appropriate treatment goals and optimal length of therapy remain controversial.
Thus, for a child such as the one described in the vignette (who is currently just below the 15t
percentile for height, but whose projected height is in the lower end of the normal adult
range) we would provide reassurance and recommend observation as a reasonable
management option. hG is used, a goal of adult height within the normal range , rather than
maximum attainable height is or If psychological distress is significant and intervention
elected, short-term treatment with low-dose (and relatively low-cost) oxandrolone could be
considered. If hGH is used, we would consider an appropriate treatment goal to be a height
in the lower normal range (e.g. ~5"-10™ percentile for U.S. adults rather than maximal
attainable height), taking into account both the costs of therapy and potential risks of
prolonged or high dose therapy.
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Take-home points

Thorough evaluation of childhood short stature is warranted when height deficit is severe
(< 1st percentile), growth rate is abnormally slow (<10th percentile for skeletal age),
predicted height differs significantly from mid-parental height, or body proportions are
abnormal.

hGH treatment increases growth rate and modestly increases adult height, and has
demonstrated safety in the short term, but is expensive and its long-term risk/benefit ratio
for essentially healthy children remains uncertain.

Observation and reassurance is reasonable for most short children, given the lack of good
evidence linking short stature with psychological morbidity or demonstrating long term
psychosacial benefit with growth-enhancing therapy.

Short-term low-dose oral oxandrolone is an effective and relatively inexpensive option for
growth acceleration, but has not been shown to increase adult height.

Existing evidence supports a conservative approach to managing short stature in opting
for treatment over observation, and with regard to therapeutic goals when treatments are
used.
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Figure 1.
Growth curve and clinical data of the patient. Predicted adult height (PAH) for observation-

alone approach calculated using Bayley-Pinneau method.!

N Engl J Med. Author manuscript; available in PMC 2018 January 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Allen and Cuttler

Accurately measure and plot height and weight

'

'

Page 12

Weight percentile < height
percentile
(failure to thrive)

Height percentile < weight percentile

(failure to grow)

!

!

Evaluate caloric intake
and consider evaluation
of kidney, bowel, and
thyroid function

Determine growth velocity and bone age

!

!

!

Normal or near-normal
growth velocity, bone age
similar to chronologic age

Normal growth velocity,
bone age < chronologic age

Subnormal growth velocity,
bone age < chronologic age

!

!

!

|

Failure to Thrive

Inadequate caloric intake

Caloric losses (e.g., from
malabsorption, diabetes)

Excess caloric needs (e.g.,
from pulmonary or
cardiac disease, hyper-
thyroidism, the dience-
phalic syndrome, neuro-
ectodermal tumors)

Figure 2.

Intrinsic Shortness

Familial short stature

Genetic syndrome of short
stature (e.g., Turner
syndrome, Silver—Russell
syndrome)

Other congenital disorders
(e.g., IUGR, bone dys-
plasia)

Acquired growth limitation
(e.g., from spinal irradi-
ation)

Delayed Growth

Constitutional delay of
growth and puberty

Mild chronic disease

Prior, resolved growth-
attenuating disorder

Attenuated Growth

Endocrine disorders (e.g.,
GHD, hypothyroidism,
Cushing syndrome,
hypogonadism)

Marked delay of puberty

Severe chronic disease
(chronic renal insuffi-
ciency, I1BD, celiac
disease)

Medications (e.g., stimu-
lants, glucocorticoids)

Conceptual approach to the evaluation and differential diagnosis of worrisome growth and
short stature. (adapted from’) Key: * = downward crossing of percentiles, height < 3rd
percentile, or height inappropriate for family, or abnormal body proportions; %tile = growth
curve percentile; GV = growth velocity; BA = bone age; CA = chronological age; TS =
Turner syndrome; RSS = Russell Silver syndrome; IUGR = intrauterine growth restriction;
CDGP = constitutional delay in growth and puberty; GHD = growth hormone deficiency; CS
= Cushing syndrome; CRI = chronic renal insufficiency; IBD = inflammatory bowel disease
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Height

e==m Human growth hormone treatment to maximum height,

with increased dosing in puberty

e Human growth hormone treatment until growth complete
Human growth hormone treatment until onset of puberty

or normal-range height
=== Oxandrolone until onset of puberty
e Observation without treatment

Figure 3.

cm o in.
E |
76
\

E il L {97th
1% 74 — //" 95th
185 2 /////—_._-——- 90th

r T 75th
1804 // e am
70 50th
175+ / // P
68 / 25th
707 66 // % 4f 10th
1654 - | // ~ 5th
64 Y, // é/ 3rd
/ 4
155+ ‘l ////// Ay )y an 2
60 )
wl T 77, /4 ¢
g Y=
145 / / =
56 / /, / 2
140 /' o
54 /,/ va e
[}
135+ v/ y &
52 N
B A IR
50 I'a g
>
1254 g N 2
48 | @
0 |
0 9 10 11 12 13 14 15 16 17 18 19 20
Age (yr)
AUTHOR: Allen O Revised
FIGURE: 3of3
ARTIST: ts SIZe
4 col
TYPE: B Line OJCombo [J4-C OH/T 22p3

AUTHOR, PLEASE NOTE:

Please check carefully.

Figure has been redrawn and type has been reset.

[ JoB: 36813

ISSUE: 03-28-13|

Page 13

Ilustration of approximate projections (+ 1.3 inches based on Bayley Pinneau adult height
predictions at 11 years of age with bone age of 9)! for growth trajectory and adult height for

various short stature treatments based on published reports of their effects

* = assuming increase in growth rate to ~8 cm/year until onset of puberty24

** = assuming average reported increment in height gain for 1SS + ~1 cm/year of

treatment.34

*** = assuming normal pubertal growth after cessation of hGH at onset of puberty (and thus
no significant difference from more prolonged standard dose hGH therapy).
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**** —assuming additional increment of 3.6 cm of height (compared to standard-dose hGH
therapy) due to 3 years of high-dose (0.7mg/kg/wk) hGH34.
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