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Dear Editor,
With interest, we read the Commentary by David B. 

Allen on the diagnosis of growth hormone deficiency 
(GHD) [1] in response to the paper by Bright et al. [2]. 
The latter paper rightly emphasizes that in children with 
short stature, most positive results of growth hormone 
stimulation testing (GST) will be false positives due to the 
low prevalence of GHD in short children and the high 
false-positive rate of GST. This often results in prescrib-
ing recombinant human GH (rhGH) to children misdi-
agnosed as GHD. With this letter, we wish to support the 
proposition by Allen that various steps can be taken to 
improve the value of GST in making a clinical diagnosis. 
However, we offer several comments to the four steps 
mentioned by Allen [1] and discuss a potential fifth step.

We fully agree with the first step proposed by Allen [1], 
i.e., a meticulous selection of candidates for GST. In a re-
cent paper by our group, we proposed to estimate the in-
dividual pre-test clinical likelihood of GHD in any patient 
referred for growth failure and interpret the result of se-
rum IGF-I concentration (as part of the laboratory screen-
ing of any child referred for growth failure) against the 
background of the pre-test likelihood [3]. We defined a 
number of positive and negative clinical clues for GHD 

that could help such estimation and proposed that if the 
pre-test clinical likelihood of GHD would be considered 
(very) low, GST would only be indicated if serum IGF-I 
and/or IGFBP-3 would be <−2 SDS for age and sex, tak-
ing pubertal stage into consideration [3].

We also endorse the second step proposed by Allen [1] 
to minimize false-positive diagnosis of GHD by resisting 
adherence to traditional pass/fail diagnostic GH cut-offs 
and instead interpret results to formulate a diagnosis 
along a continuum [1]. We acknowledge that this con-
tinuum could be arbitrarily divided into three categories 
(“actual GHD –> provisional GHD –> not GHD”) [1], but 
we believe that such categorization would still be of little 
practical use for clinicians. Already for more than 30 years, 
the Dutch Growth Hormone Advisory Group (DGHAG) 
and Dutch Growth Research Foundation (DGRF), which 
jointly determine the criteria for acceptance of rhGH 
treatment for GHD and other indications in the country, 
have used a categorization based on the estimated likeli-
hood that a low GH secretion is the rate limiting factor for 
the slow growth of the child. This is based on GST and 
serum IGF-I results against the background of pre-test 
clinical likelihood of GHD (Table 1) [4]. The DGRF eval-
uates centrally all Dutch rhGH requests for children. If 
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patient data submitted to the DGRF are consistent with 
one of the categories that are considered appropriate for 
rhGH treatment, rhGH will be reimbursed and can be pre-
scribed by a paediatric endocrinologist. Furthermore, in 
case of uncertainty about the diagnosis of GHD, anony-
mized patient data are discussed by a panel of three pae-
diatric endocrinologists to assess whether GHD is plau-
sible and rhGH should be prescribed. The effect of rhGH 
treatment in these patients is then evaluated after 1 year of 
treatment. All data of rhGH-treated children are collected 
in a national registry, which fortunately has maintained its 
funding over the years, thanks to the tireless exertions of 
the director of the DGRF, Prof. Anita Hokken-Koelega. 
We believe that national registries like ours play a funda-
mental role in collecting data on efficacy and safety of 
rhGH, as recently acknowledged [5].

Allen [1] rightly points at the difficulties to differenti-
ate between GHD and constitutional delay of growth and 
puberty (CDGP). However, we wish to note that by defi-
nition the diagnosis of CDGP cannot be made if the pa-
tient’s age is below the upper limit of the age range of 
pubertal onset in the population (in most countries 13 
and 14 years in girls and boys, respectively). We therefore 
prefer to label short prepubertal children and teenagers 
who are younger than these age limits as idiopathic short 
stature (ISS) (if a pathological cause has been excluded 
during the diagnostic process [6]), even if the delayed 
bone age and a positive family history suggest that they 
may end up being diagnosed as CDGP. This is also in line 
with the International Classification of Pediatric Endo-
crine Diagnoses [7]. Such patients often show reduced 
responses during GST if they are not primed with sex ste-
roids, and this is the reason that sex steroid priming be-

fore GST has been mandatory in the Netherlands since 
the late 1980s [4], in line with the recent US guideline [8]. 
Unfortunately, there is still little consensus among paedi-
atric endocrinologists in the world about the need for 
priming, as well as about the choice of the pharmacolog-
ical substance and optimal age range of sex steroid prim-
ing. In the Netherlands, priming with oestradiol p.o. is 
done in girls ≥8 years if Tanner stage is B ≤3 and with 
testosterone ester i.m. in boys ≥9 years if testicular vol-
ume ≤8–10 mL. However, we acknowledge that these age 
limits are arbitrary and not evidence-based.

There is some evidence that short boys with docu-
mented pubertal delay (so older than 14 years) require a 
longer duration of priming with sex steroids, to reduce 
false-positive test results [9]. In such boys, the DGHAG 
advises 3 months of pubertal induction therapy with i.m. 
testosterone esters. If this results in an increase of growth 
velocity and an IGF-I increase of >1 SDS (while testicular 
volume is still <10 mL), this is considered suggestive of 
CDGP. If the response is considered inadequate, primed 
GST is recommended.

Another factor that makes the interpretation of GST 
problematic is that the GH peak in GST is inversely cor-
related with body mass index. Until recently, there was no 
established method to adjust for this [3], but a recent pa-
per has now presented data that can be used to adjust (i.e., 
decrease) the threshold for a “normal” GH peak in over-
weight or obese children [10].

The third opportunity to limit the overdiagnosis of 
GHD proposed by Allen is to introduce a 3–6 month pe-
riod of observation or consider treatment with low-dose 
oxandrolone. Although Allen refers to a publication of 
our group on “novel approaches to short stature therapy” 

Table 1. Categories of likelihood of GHD based on results of serum IGF-I and GST (against the background of pre-
test clinical likelihood) and consequences for rhGH treatment*

Category GH peak, µg/L, AND IGF-I SDS Likelihood of GHD rhGH indicated?

1 <1.7 AND <−2 Certain Yes
2 <3.3 AND <0 Almost certain Yes
3 <3.3 AND >0

3.3–6.7 AND <0
Probably partial Yes

4 3.3–6.7 AND >0
6.7–10 AND <−2

Possibly partial Yes

5 6.7–10 AND (between −2 and 0) Low likelihood No
6 >6.7 AND >0 Unlikely No
7 >10 AND <−2 No GHD, consider other causes 

of IGF-I deficiency
If positive response to 
IGF-I generation test

* Since 2021, in overweight or obese children the cut-off for the GH peak can be adjusted (see text).
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[11], we wish to note that in that paper we advised against 
the use of oxandrolone in children with ISS, mainly be-
cause of the modest effect on height velocity and absence 
of effect on adult height. The other reference on the use 
of oxandrolone [12] mentioned by Allen [1] is associated 
with several inconsistencies as previously specified [13]. 
We therefore do not support Allen’s suggestion to con-
sider oxandrolone treatment to “provide a useful growth-
sustaining ‘bridge’ to the onset of puberty” [1]. This ap-
plies particularly to girls, where adverse events are not 
negligible, even at a low dosage [14]. Furthermore, it has 
become exceedingly difficult to prescribe oxandrolone in 
most European countries, including ours.

The fourth opportunity to limit the persistence of a false-
positive diagnosis of GHD proposed by Allen [1] is to sub-
sequently question and re-examine the diagnosis. The ma-
jor tool to do this is GH retesting, which can either be done 
a few months after the initial preliminary diagnosis [15], 
after 1 year [16], or at mid-puberty [17, 18]. Five years ago, 
we revised the Dutch national guideline on rhGH treatment 
inferring that children with idiopathic isolated GHD who 
have been treated with rhGH for at least 3 years are retested 
at mid-puberty. We initiated a nationwide prospective mul-
ticentre study on the effect on adult height when rhGH 
treatment is discontinued (based on patient’s preference) at 
mid-puberty in adolescents who show a normal result at 
retesting. Such study is necessary since confirmation is 
needed of the claims in previous reports that discontinuing 
rhGH at that stage would not negatively affect adult height 
outcome [17, 18]. If such confirmation can be obtained, this 
procedure may avoid several years of unnecessary treat-
ment in a significant number of patients. Analysis of the 
data of our study will start this year.

We wish to add a fifth opportunity to limit the number 
of false-positive diagnoses, which we recently discussed 
in a review on the differential diagnosis of IGF-I deficien-
cy [19]. This relates to the observation that there is a re-
fractory period after a spontaneous GH peak [20], illus-
trated by a higher proportion of patients with stimulated 
peak values ≤7 and ≤5 μg/L who had a spontaneous peak 
within 2 h before the start of GST compared with patients 
with no such preceding spontaneous peaks [21]. In this 
Swedish study, GST was often preceded by a 12-h GH 
profile, so that also the spontaneous nightly GH secretion 
could be assessed. This observation would suggest that if 
a 12-h GH profile is not feasible for practical or financial 
reasons, a 2-h period in which serum GH is measured ev-
ery 20–30 min before the start of GST may detect children 
in whom a low stimulated GH peak is probably due to a 
recent spontaneous peak. In such children, the low test 

result would warrant additional GST in order to make a 
definite diagnosis of GHD. However, we acknowledge 
that this approach has negative practical consequences 
because of prolonging the test duration.

We believe that a potential future study suggested by 
Bright et al. [2], i.e., to identify “predictive enrichment 
markers” to increase the number of true-positive and 
true-negative diagnoses of GHD by analysing the response 
to rhGH treatment in a physiological dosage in children 
with various percentiles of growth response, is challeng-
ing. It is not only difficult to assess what constitutes “phys-
iologic replacement,” and what constitutes “amelioration 
of clinical sequelae”, but one should also realize that the 
growth response to rhGH of children with partial GHD is 
similar to that of children with ISS [22]. In Europe, ISS is 
not an approved indication for rhGH treatment.

In conclusion, we agree that there are many opportuni-
ties to limit the number of false-positive diagnoses. Apply-
ing these opportunities would not only limit the number 
of rhGH prescriptions based on an incorrect diagnosis of 
GHD but also lead to early discontinuation of rhGH treat-
ment in children in whom the diagnostic label of GHD is 
removed at retesting before reaching near-adult height.
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