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Abstract. It is estimated that a significant percentage of individuals with spina bifida (SB) are shorter than their age-matched
typical peers. Parents of children with spina bifida may ask if human growth hormone is appropriate for their child. This article
discusses short stature and the use of human growth hormone among children with SB. This guideline was developed for SB
Healthcare Guidelines from the 2018 Spina Bifida Association’s Fourth Edition of the Guidelines for the Care of People with
Spina Bifida.
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1. Introduction
The incidence of short stature among children with
spina bifida is well documented [1–3]. The short stature
is primarily due to disproportionate short growth of
the lower body segments. Since at one time children
with spina bifida were thought to have a shortened life
expectancy, lack of physical growth was considered a
secondary problem. As duration and quality of life have
improved, the awareness of the auxological development of children with spina bifida has increased [4].
The etiology of short stature among children, adolescents, and adults with spina bifida is multifactorial and
is a function of inadequate innervation, lack of use of
muscles, hip dysplasia, scoliosis, and shortened lower
body segments. In general, upper limbs are not affected
by the neurological or skeletal anomalies in spina bifida except in patients with symptomatic Chiari mal∗ Corresponding author: Joseph O’Neil, Riley Hospital for Children, Section of Developmental Pediatrics, Department of Pediatrics
Pediatric Care Center 1002 Wishard Blvd, Ste 3201 Indianapolis, IN,
46202, USA. Tel.: +1 317 944 4846; Fax: +1 317 948 0126; E-mail:
joeoneil@iu.edu.

formations [5]. In addition, the majority of children
with spina bifida have hydrocephalus. Prior work has
demonstrated that hydrocephalus impacts the secretion
of pituitary hormones responsible for growth and pubertal development [2]. Multiple studies have demonstrated an increased prevalence of growth hormone deficiency (GHD) in children with spina bifida [4–6]. Perrone et. al. noted abnormal hypothalamic-pituitary function in children and adolescents with myelomeningocele [6]; it is estimated that approximately 30% of children with spina bifida have GHD [7]. This is important
because GHD contributes to abnormal body composition in these individuals that is exacerbated by inactivity, caloric intake, and other factors, increasing the risk
of obesity. This can lead to diminished quality of life
due to decreased mobility, hyperglycemia, metabolic
syndrome, hypertension, type 2 diabetes, skin breakdown, and coronary vascular disease.
There have been multiple studies regarding the use
of human growth hormone (GH) for children with spina
bifida [8,9]. Recombinant human GH treatment has
been used to increase the short-term growth velocity
of children with myelomeningoceles without adverse
effects on body proportions [8]. In this study, children
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Table 1
Clinical questions that informed the short stature & the effect of Human Growth Hormone (HGH) guidelines

Age group
(from guidelines)
0–11 months

Clinical questions

At what post-conceptual age do pituitary-hypothalamic hormones become affected by Chiari malformation, hydrocephalus,
or placement of shunts?
Could growth during infancy and first three years be improved by use of hGH?
Does the use of hGH worsen other comorbidities associated with spina bifida, such as scoliosis, tethered cord, or spasticity?
What and when are the appropriate evaluations for use of hGH?
1–2 yrs. 11 months At what post-conceptual age do pituitary-hypothalamic hormones become affected by Chiari malformation, hydrocephalus,
or placement of shunts?
Could growth during infancy and first three years be improved by use of hGH?
Does the use of hGH worsen other comorbidities associated with spina bifida, such as scoliosis, tethered cord, or spasticity?
What and when are the appropriate evaluations for use of hGH?
3–5 yrs. 11 months While linear growth is impacted by the effects of the myelomeningocele, at which age does the length become most
affected (pre-pubertal years, pubertal growth spurt, and puberty)?
At what age is the short stature evaluation best initiated?
Who should do the evaluation and where should the evaluation be conducted?
Which parameters best predict a positive response to hGH?
Is hGH only indicated where growth hormone deficiency is identified?
Who should cover the cost of hGH?
Are there eligibility limitations to hGH treatment, such as: normal development, shortened arm span, minimal skeletal
deformities, level of spinal lesion, amount of paresis, syringomyelia, tethered cord, scoliosis, vertebral anomalies,
contractures or advanced pubertal development, with or without documented growth hormone deficiency?
Does hGH improve lipid or bone metabolism?
Does hGH result in enough of a positive change in adult height to see improved self-esteem, reduced obesity, better
muscle strength and bone density, and rehabilitation potential?
6–12 yrs. 11 months While linear growth is impacted by the effects of the myelomeningocele, at which age does the length become most
affected (pre-pubertal years, pubertal growth spurt, and puberty)?
At what age is the short stature evaluation best initiated?
Who should do the evaluation and where should the evaluation be conducted?
Which parameters best predict a positive response to hGH?
Is hGH only indicated where growth hormone deficiency is identified?
Who should cover the cost of hGH?
Are there eligibility limitations to hGH treatment, such as: normal development, shortened arm span, minimal skeletal
deformities, level of spinal lesion, amount of paresis, syringomyelia, tethered cord, scoliosis, vertebral anomalies,
contractures or advanced pubertal development, with or without documented growth hormone deficiency?
Does hGH improve lipid or bone metabolism?
Does hGH result in enough of a positive change in adult height to see improved self-esteem, reduced obesity, better
muscle strength and bone density, and rehabilitation potential?

with growth hormone deficiency showed significant increases in growth velocity without inducing abnormal
body proportions. Trollmann et al. also observed that
GH treatment provided a substantial gain in height for
a group of children with spina bifida, 65% of whom
had GHD [9]. In light of the high prevalence of GHD
in patients with spina bifida and the demonstrated benefits of GH treatment in GH deficient patients, we offer
guidelines for monitoring children with spina bifida for
signs of growth failure [10].

growth hormone deficiency
– Improve quality of life by improving lean body
mass, strength, mobility, body image and health
– Reduce morbidity and mortality secondary to obesity
With the development of goals and outcomes for
short stature and the use of human growth hormone,
many questions addressing clinical evaluation and management were raised for further discussion and study
(Table 1).

1.1. Goals and outcomes

1.2. Methods

The goals of the guidelines for short stature and the
effect of human growth hormone were both practical
and aspirational. The primary outcomes of this review
and recommendations are to:
– Identify individuals with spina bifida who have

The methodology of the development of the guidelines was reported by Dicianno et al. [11]. A small multidisciplinary working group was recruited and convened based on expertise to review previous clinical
care guidelines, choose pertinent topics, agree upon
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outcome measures, and develop clinical questions and
guidance to address this topic for optimal care for people with spina bifida. These questions were vetted by
a panel of experts from the Spina Bifida Association
and ranked by importance. A literature review pertinent to the topic was conducted from 2002 through
2015 and updated with works published from 2002 to
2015. Two levels of review were conducted. The first
level consisted of review of titles and abstracts to eliminate articles that did not address the clinical questions
for that guideline. The second level of review involved
reading the full text of the article to determine if the
work should be included in the literature review for
the development of the guideline. The next phase of
development was the drafting of the guideline with introduction, outcomes, clinical questions, guidelines and
research gaps. These drafts were presented to a committee of working group chairs who served as reviewers
and editors for that guideline. The subsequent draft was
then submitted for review and comment at a meeting of
all guideline writing participants at the national Spina
Bifida Association Meeting in March 2015. Nominal
Group Technique was used to solicit feedback on individual guidelines [12–16]. This technique allowed for
expert opinion to be included for those guidelines where
medical evidence was non-existent or was not robust.
Participants in this review were able to rate the proposed
guideline and provide feedback. Once changes were
incorporated, a review was then conducted by a panel
of six experts in the field for consistency, redundancy,
disability-sensitive language and clarity. The final review was completed by the Spina Bifida Association
Steering Committee and was sent for copyediting once
approved [11].

2. Results
The Short Stature and Effect of Human Growth Hormone guidelines (Table 2) seek to facilitate identification of children with abnormal linear growth and promote timely referral for further evaluation and treatment if needed. The guidelines recommend examining
children at regular intervals and thoroughly documenting physical examination findings so that changes may
be tracked over time. This includes not only length/height and weight, but also the presence of any pubertal
changes, such as breast development, genital maturation, or the presence of pubic or axillary hair. The guidelines emphasize careful communication with families
regarding the findings and concerns. Although short
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stature is common in children with spina bifida, the use
of human growth hormone has specific indications and
honest and open discussions with the patient and family
are needed prior to any clinical decisions.

3. Discussion
For these guidelines, the desired outcomes are based
on improving the lives of individuals with spina bifida
by identifying those with growth hormone deficiency,
thus permitting treatment in a timely fashion. Because
GHD is estimated to occur in as many as 30% of children with spina bifida [7], all heath care providers, including those providing primary care, should be aware
of its manifestations.
Adult height is known to be limited in those with
spina bifida. One study demonstrated that the mean
adult height of men with spina bifida was 152.1 ±
13 cm, and in women adult height averaged 141.9 ±
12 cm, far below the average height for healthy adults
of 176 cm and 163.5 cm, respectively [18]. Because
there are many contributors to growth impairment in
those with spina bifida, such as shortened lower body
segments, scoliosis, and limb contractures, it may be
challenging to identify those with GHD. Biochemical
testing for GHD is problematic, due to the limited specificity and a high false positive rate in unscreened populations [19], so universal biochemical testing should be
avoided. Instead, identification of a subpopulation with
higher a priori risk for the disease is the first step in the
evaluation.
Measurement of arm span avoids the issues of abnormal lower segment growth and scoliosis and correlates well with height in healthy children. Arm span has
been used successfully to identify children with spina
bifida who have GHD [4,5]. Another important concept
is height velocity. The hallmark of GHD is not only
short stature (or short arm span) but a decreased rate
of change. Thus, children with GHD become shorter
relative to their peers as time progresses. Repeated measurements of height or arm span at multiple visits allows identification of those with a high risk of having
GHD and allows those children to be referred earlier for
further evaluation and treatment. In general, earlier institution of treatment for GHD leads to improved longterm outcomes. It is also important to consider the pubertal status of the child. Central precocious puberty is
common in children with spina bifida, especially girls.
The pubertal growth spurt also occurs early in children
with precocious puberty. Although its magnitude may
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Table 2
Short stature and the effect of Human Growth Hormone (HGH) guidelines

Age group
0–11 months

1–2 years 11 months

3–5 years 11 months

6–12 years 11 months

Guidelines
1. Take frequent and accurate weight, length, and occipital frontal circumference
measurements during infancy and early childhood.
2. Make referrals to physical therapy to maximize range of motion, strength, and functional
mobility as appropriate for the developmental age.
3. Encourage breastfeeding and appropriate nutrition.
4. Discuss issues surrounding growth of children with spina bifida with the family.
1. Take frequent and accurate weight, length, and occipital frontal circumference
measurements during infancy and early childhood.
2. Make referrals to physical therapy to maximize range of motion, strength, and functional
mobility as appropriate for the developmental age.
3. Encourage breastfeeding and appropriate nutrition.
4. Discuss issues surrounding growth of children with spina bifida with the family.
5. Discuss issues surrounding growth of children with spina bifida with the family.
1. Assess weight, height at each health supervision visit. If height is not able to be measured
using a stadiometer, it is recommended that a consistent parameter (such as arm span) should
be measured and recorded
2. Have a discussion with the family about the expected height of the child, based on the
limitations due to myelomeningocele and the parents’ height.
3. Discuss the risks and benefits of hGH therapy with the parents.
4. If concerns about growth arise, a referral to a pediatric endocrinologist is recommended
for growth assessment, IGF-1, IGF Binding Protein-3, and GH stimulation tests.
5. If hGH treatment is initiated, monitor pituitary function, scoliosis, tethering of spinal cord,
growth velocity, and pubertal development. This may be done in collaboration with a
pediatric endocrinologist.
1. Assess weight, height at each health supervision visit [17]. If height is not able to be
measured using a stadiometer, it is recommended that a consistent parameter (such as arm
span) should be measured and recorded.
2. Have a discussion with the family about the expected height of the child, based on the
limitations due to myelomeningocele and the parents’ height.
3. Discuss the risks and benefits of hGH therapy with the parents.
4. If concerns about growth arise, a referral to a pediatric endocrinologist is recommended
for growth assessment, IGF-1, IGF Binding Protein-3, and GH stimulation tests.
5. If hGH treatment is initiated, monitor pituitary function, scoliosis, tethering of spinal cord,
growth velocity, and pubertal development. This may be done in collaboration with a
pediatric endocrinologist.

be limited, the growth spurt may mask the decreased
height velocity in children with coexisting GHD and
precocious puberty.
After referral to a pediatric endocrinologist, the medical evaluation of growth failure generally includes an
assessment for many potential causes of poor growth,
including screening for non-endocrine conditions such
as celiac disease, inflammatory bowel disease, or electrolyte disorders. Depending on the amount and quality
of the growth data, a period of observation to confirm
slow height velocity may be required. Endocrine testing usually includes measurement of thyroid function
and screening tests of GH secretion such as insulinlike growth factor-1 (IGF-1) and insulin-like growth
factor binding protein-3 (IGFBP-3). Skeletal maturation is assessed by a bone age X-ray. Dynamic testing
is usually required for the formal diagnosis of GHD
and involves short-term stimulation of GH secretion by
administration of two GH secretagogues such as arginine, clonidine, L-DOPA, glucagon, or insulin. Most

Evidence
[17]
Clinical consensus
[17]
Clinical consensus
[17]
Clinical consensus
[17]
Clinical consensus
Clinical consensus
Clinical consensus

Clinical consensus
Clinical consensus
Clinical consensus
Clinical consensus

Clinical consensus

Clinical consensus
Clinical consensus
Clinical consensus
Clinical consensus

pediatric endocrinologists consider a peak stimulated
serum GH concentration < 10 ng/mL to be consistent
with GHD. Random, non-stimulated GH levels are not
useful.
In addition to slow linear growth, GHD has a variety
of other effects. In otherwise healthy children, growth
hormone deficiency clearly causes decreases in bone
mineral density (BMD) measured by dual-energy X-ray
absorptiometry (DXA) at both the lumbar spine and
the distal radius [20,21]. Treatment with GH leads to
clinically significant improvements in bone density in
this population. In a study of young adults with childhood onset GHD, Underwood et al. found low baseline BMD at the lumbar spine. Bone mineral density
increased in the treated group by 5.2% vs. 1.3% in untreated controls [22]. Interestingly, data on fracture risk
are less clear, with some authors reporting increases in
fracture risk in GH deficient adults [23,24] and others
showing no differences in fractures compared to healthy
adults [25]. There are no good data on fracture risk in
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children. In one study of 41 adolescents with GHD who
had been treated until they reached adult height, there
was no difference in the rate of fractures compared to
age-matched controls. However, in those patients who
did have a fracture, the lumbar spine BMD was lower
than in those who did not fracture [26].
Children with GHD also have clear decreases in muscle mass. When measured by peripheral quantitative
computed tomography (pQCT), muscle cross-sectional
area was lower in GH deficient children than in healthy
controls and increased after two years’ treatment with
GH [27]. However, studies in GH deficient children
have not shown increases in strength, although this has
been demonstrated in GH-treated children born small
for gestational age and in those with Prader-Willi syndrome [20].
Individuals with GHD have adverse changes in lipids,
and adults with GHD are at increased risk for adverse
cardiovascular outcomes. Dyslipidemia is seen in children with GHD [28]. Improvement in serum concentrations of total cholesterol, low density lipoprotein (LDL)
cholesterol, high density lipoprotein (HDL) cholesterol,
and triglycerides has been shown after institution of GH
therapy in GH deficient children and adolescents [29].
Other markers of increased cardiometabolic risk, including carotid artery intima media thickness and homocysteine levels, are also improved in GH deficient
children following treatment [29,30]. Unfortunately, regarding GH deficient children with spina bifida, there
are no data regarding the effects of GH treatment on
bone density, fracture risk, muscle mass and strength,
and cardiometabolic risk.
Growth hormone treatment does lead to short term
increases in height velocity in GH deficient children
with spina bifida. Nearly all of the reports in the literature only examined treatment durations of a few years,
and nearly all are retrospective. Two publications from
large post-marketing surveillance databases reporting
results from 80 and 81 individuals showed increases
in height standard deviation score (SDS) from −2.97
to −2.01 and from −4.0 to −2.2 over the courses of 3
and up to 4 years, respectively [9,31]. However, these
databases rely on individual practitioners to report data
collected without protocol and are prone to a number
of biases. Additionally, the accuracy of height measurements is unclear. Rotenstein et al. reported an increase in the length SDS of 22 children with spina bifida
and documented an increase from −2.5 to −1.9 [32].
The median duration of treatment was 2.83 years. In
the only study reporting near adult height, a retrospective analysis of 20 children with spina bifida and GHD

553

indicated that GH treatment led to an increase of the
length SDS from −2.6 to −1.4 [33]. Most studies have
evaluated the treatment response only in children with
GHD. Some studies have included GHD and non-GHD
subjects, but the two groups have not been separately
analyzed. One study [32] provided a partial analysis of
both groups and did not identify a difference in growth
response in patients with GHD vs. those with normal
GH secretion.
Both children and adults with GHD have lower ratios of lean body mass to fat mass. Most of the literature regarding GH treatment in spina bifida shows decreases in body mass index (BMI) SDS with treatment,
although again data are very limited. In one of the postmarketing surveillance databases of GH treatment of
children with spina bifida, BMI SDS decreased from
+0.24 to −0.03 [9], while in a small study of 7 patients
with GHD and spina bifida, BMI SDS decreased from
a mean of +0.3 to −0.38 [34]. These changes are consistent with those seen in prospective treatment studies
of otherwise healthy children with GHD.
Recognized side effects of GH treatment in otherwise healthy children include benign intracranial hypertension and slipped capital femoral epiphysis. Of
particular concern in those with spina bifida are new
or progressive scoliosis with or without tethered cord,
increased risk for ventriculoperitoneal shunt revision,
and the potential for disproportionate body segment
growth. Again, data from treatment studies in spina bifida are limited. In the study of 7 children with GHD
over 3 years, 2/7 had tethered cord associated with neurological symptoms and increasing scoliosis [34]. In
Rotenstein’s study of 22 children treated for a median of
2.83 years, 5 were diagnosed with tethered cord and 6
required shunt revision [32]. Surgical release of tethered
cord appears to increase the rate of linear growth [35].
Scoliosis did not progress in the study analyzing near
adult height [33]. Data regarding disproportionate body
segment growth are mixed. Hochhaus et al. evaluated
this prospectively during the first year of GH treatment
by comparing the change in length SDS to the change
in arm span SDS [8]. The rate of change in the SDS
scores was similar and led to similar increases in SDS
after one year (+1.2 SDS for length and +1.3 SDS for
arm span). Conversely, the small study by Trollmann
et al. showed a faster increase in arm span than length
that resulted in a statistically significant change in arm
span SDS from −2.98 to −1.75, while there was no
statistical change in length SDS [34]. The effect of the
spinal level of myelomeningocele was not evaluated.
There are many issues regarding growth and GH
treatment in spina bifida that remain unresolved and
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are ripe for future research. Information on lean body
mass before and after GH treatment do not exist. In
addition, long-term cardiometabolic outcomes have not
been assessed. Further, there are no studies examining
the effects of GH on quality of life in individuals with
spina bifida. Ideally these issues should be evaluated in
the setting of prospective trials. Most of the publications
provide data on the GHD population. Given the paucity
of information about the effects of GH in the non-GH
deficient population, we do not recommend routine use
of GH in patients with spina bifida in the absence of
GHD.
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