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Is growth hormone stimulation testing in children still appropriate?
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Abstract

The diagnosis of growth hormone deficiency (GHD) historically has relied on measurement of growth hormone (GH) con-

centrations following stimulation, usually with a non-physiologic provocative agent. Despite the use of more specific GH assays, the

peak concentration of GH below which a child is considered GH deficient has risen. We examine the pitfalls associated with GH

stimulation tests, specifically, the lack of reliability and accuracy of these tests, and their inability to predict who will benefit from

GH therapy. We recommend that GH stimulation tests no longer routinely be used for the diagnosis of GHD in children.

� 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Documentation of growth hormone deficiency

(GHD) has historically relied on testing growth hor-
mone (GH) levels after stimulation of its release, or

in some centers, frequent sampling of GH levels. Clini-

cal features, additional biochemical measures, and im-

aging often contributed to the decision to perform these

tests. When first available in the 1960s, supplies of pi-

tuitary derived GH were extremely limited. To ensure

that this scarce resource was appropriately rationed to

those most likely to respond, GHD had to be confirmed
with a stimulated GH concentration of less than 3 ng/

mL.

Following the introduction of essentially unlimited

supplies of synthetic GH in the 1980s, the use of GH has

exploded. Paradoxically, as GH assays grew more spe-

cific, criterion for failing a GH stimulation test grew

more generous. Cutoffs rose from 3 to 7 ng/mL to the

current 10 ng/mL level.
The number of GH stimulation protocols has also

increased. An exhaustive review by Sizonenko et al. [1]
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examined the wide variation in stimulation testing: ‘‘at

least 34 provocative tests have been developed and 189

different combination protocols were found. Most in-

vestigators have used these tests without normative
values for age, pubertal status or gender’’. There is no

consensus as to what is the definitive stimulation test for

GHD.

Although GH is now widely available, the accurate

diagnosis of GHD remains important for the diagnosis

of underlying disorders and for treatment decisions.

Diagnosis and treatment of GHD in infants can prevent

hypoglycemia. Evaluating the cause of GHD can lead to
the diagnosis of congenital anomalies, other hypotha-

lamic–pituitary abnormalities, genetic mutations or ac-

quired pathology. The Food and Drug Administration

approved the use of GH for the treatment of children

with idiopathic short stature (ISS). Despite FDA ap-

proval, the benefits of GH therapy in this group of

children remain controversial. Response to GH therapy

in children with GHD is characteristically excellent;
therapy has been shown to be more cost-effective in

children with GHD as compared to ISS [2]. Fortunately,

a wide array of diagnostic procedures, not available

when GH stimulation testing was first established aid in

the diagnosis of GHD in children.

Is GH stimulation testing still appropriate for the

diagnosis of GHD in children? We believe that it is not.
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A good medical test should be precise, accurate and
concordant with the diagnosis or outcome [3]. A good

medical test is one whose outcome is used to guide

therapy and to predict response to therapy. Among

testing protocols of similar efficiency, the test that is

safe, easy and inexpensive is preferred. We review the

evidence that GH stimulation testing does not meet

these criteria. Provocative testing often misdiagnoses

normal children as GH deficient. GH stimulation testing
may occasionally misdiagnose children who are truly

GH deficient as GH sufficient, creating obstacles for

timely and appropriate GH therapy as well as insurance

coverage.

We review the quality, precision, accuracy and use-

fulness of GH stimulation tests in clinical management.

We present data demonstrating the need for alternatives

to GH stimulation testing in the diagnosis of GHD, and
data that suggest it is inappropriate to continue to use

these GH stimulation tests.
2. Is GH stimulation testing precise?

2.1. Short-term precision

Precision refers to the reproducibility of a test. When

the test is repeated in the same patient, on multiple oc-

casions, the results should be similar. There have been a

limited number of studies looking at the short-term

precision of GH stimulation tests. Tassoni et al. [4]

performed repetitive GH stimulation tests in 49 children

with an average height standard deviation score (SDS)

of )2.34 (range from )3.79 to )1.85) and a height ve-
locity between the third and 25th percentiles. The chil-

dren (mean age, 11.2 years) underwent arginine

stimulation and sleep tests, or arginine and LL-DOPA

stimulation tests. The studies were repeated one to three
Fig. 1. Serial GH stimulation testing. Responses to the first and second GH s

peak GH response in test 1 (X -axis) is plotted against the peak GH response in

(Reprinted with permission from the Society of the European Journal of En
weeks later. The mean peak GH response to arginine
was 6.9� 5.5 ng/mL (mean� SD). The coefficient of

variation for arginine ((the difference between study re-

sults/mean of the two studies)� 100) was extremely

high, 89% in one group, and 66% in the other, indicating

poor reproducibility. The coefficient of variation for

LL-DOPA was 86%. Using a cutoff of 7 ng/mL, 21% of

patients passed each arginine stimulation test, 37%

failed each test, and 42% had discordant results. Hoeck
et al. [5] performed repeat insulin tolerance tests in 16

non-obese healthy adult subjects. The testing was per-

formed at least 72 h apart. No statistical correlation was

found between the results of the first test as compared

with the repeat test (Fig. 1). Zadik et al. [6] similarly

showed limited short-term reproducibility with a corre-

lation between consecutive GH stimulation tests of 0.52.

Carel et al. [7] studied the GH stimulation test results
of 3233 children who had received GH in France be-

tween 1973 and 1989. A total of 62 different pairs of

stimulation tests were used. The time between the two

studies was not published. The mean intraclass corre-

lation coefficient value was just over 0.5 for all combi-

nations of stimulation tests studied.

2.2. Long-term precision

Repeat provocative testing after long-term GH ther-

apy repeatedly fails to confirm the childhood diagnosis

of GHD. Cacciari et al. [8] retested 184 children (113

male, 71 female) who had been diagnosed as GHD

by having both a GH response less than 8 ng/mL to

LL-DOPA and arginine (Test #1), and a mean overnight

GH concentration less than or equal to 3.3 ng/mL. The
children were retested 2.8 years after the start of GH

therapy (Test #2). On retesting, 18.5% of the subjects

who were initially defined as GHD (i.e., GH concen-

tration of less than 8 ng/mL) had normal GH secretion
timulation test in each individual are shown in (a). In (b), the subject�s
test 2 (Y -axis). Open circles represent females; closed circles, males [5].

docrinology.)



Fig. 2. Serial GH stimulation testing [11]. Each subject�s peak GH

response to stimulation with insulin, clonidine, or arginine is marked

by a triangle. The first and second GH stimulation tests occurred at the

time of diagnosis; retesting occurred one to 6 months after diagnosis.

Solid lines connect the responses of each subject. The dotted lines

represent the cutoffs of 7 and 10 ng/mL. (Reprinted with permission

from the Journal of Pediatrics.)
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on both stimulation and overnight testing. 68 of 184
children were again retested, 1.5 years later (Test #3).

Nine (14.5%) subjects normalized on Test #3, and 45.6%

had results that were discordant from Test #2. All six

subjects who had normalized on Test #2 did not have

normal GH secretion on Test #3.

Maghnie et al. [9] looked at the response to retesting

after GH therapy based on previous brain images. All 18

patients who had a normal or small pituitary on initial
magnetic resonance imaging (MRI) had a normal re-

sponse following the second arginine/insulin tolerance

test. In contrast, all 17 subjects who had either pituitary

hypoplasia (n ¼ 13) or craniopharyngioma (n ¼ 4) had

consistent GH responses of <3 ng/mL when retested.

The authors propose that only those patients with ab-

normal MRI findings had permanent GHD. They rec-

ommend that children with normal or small pituitary
glands should undergo retesting long before attainment

of final adult height, so that GH therapy could be dis-

continued. Coutant et al. [10] found that on retesting

after GH therapy, 22 of 35 (63%) subjects with normal

MRI findings had a peak response >10 ng/mL, while

none of seven subjects with abnormal MRI findings had

normalized on retesting.

Interval GH therapy and/or puberty might contribute
to the normalization of responses in children initially

found to be GH deficient by GH stimulation testing. To

address this hypothesis, Loche et al. [11] performed se-

rial GH stimulation tests in subjects who were neither

treated with GH nor entered puberty in the interval

between testing. Thirty-three prepubertal children (5.2–

10 year) who had initially failed two GH stimulation

tests (clonidine, arginine, or insulin tolerance) with re-
sponses on both of <10 ng/mL, underwent repeat testing

one to 6 months later. All subjects had a normal MRI

and short stature (< �2SD) and/or poor growth velocity

(<25%). GH response in the second stimulation test was

greater than 10 ng/mL in 28 of 33 (85%) subjects

(Fig. 2). Of nine patients with initial responses less than

7 ng/mL, eight had a response on repeat testing of >10

ng/mL while one subject had a peak response of 9 ng/
mL. They found no factors predictive of response on

retesting. The authors suggested repeat testing of chil-

dren with normal MRI who have initially poor response

to provocative tests. Having removed the effects of pu-

berty and GH therapy, the inherent poor reproducibility

of the stimulation tests is undeniable.

GH stimulation tests are not precise; results are not

reproducible after a short or long period of time across a
wide range of patients. A number of factors may be

involved in the poor precision. The pituitary response

can be affected by previous stimuli as well as somato-

statin levels. The peak response could be missed as a

result of sampling error. There may be a longer-than-

yearly cyclic or seasonal variability in GH secretion [12].

Retesting also results in regression to the mean, best
described by van den Broeck et al. [13]. Whether there is

an entity of transient GHD that may account for dis-

cordant results over a long-term period remains con-
troversial [11,13–15]. Transient GHD is difficult to

prove given the poor reproducibility of the stimulation

tests [13].
3. Is GH stimulation testing accurate?

Accuracy here refers to a test�s agreement with a di-
agnosis, as determined by other measures or standards

(often referred to as a gold standard). Given the prob-

lems with precision noted above, the insulin tolerance

test using the current cutoff for failure should not be

considered the gold standard for the diagnosis of GHD.

An accurate test differentiates the diseased from the

disease-free, i.e., those with GHD from those with

normal GH secretion. Without good precision, accuracy
is essentially impossible.

3.1. Gold standard

For the diagnosis of GHD, the gold standard has

been difficult to define. The circular reasoning of using

the test under study as the gold standard must be

avoided. Thus, one should not diagnose GHD with a
GH stimulation test (such as the insulin tolerance test,

often considered the gold standard) and then claim that

the GH stimulation test is superior to other possible

methods for determining GHD, a common error in the

literature. Given the imprecision of GH stimulation tests

discussed above, the lack of concordance of alternative

tests to diagnose GHD with the results of GH stimula-

tion tests is hardly surprising.
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In 1968, Goodman et al. [16] originally describe the
clinical and biochemical features of children with GHD.

The 16 children with isolated GHD had poor growth

velocity (from )4.0 to )8.2 SDS), and a majority pre-

sented with growth failure by 2 years of age. The chil-

dren had a pudgy appearance with truncal obesity and

round facies. Symptomatic hypoglycemia was common.

GH therapy resulted in a significant improvement in

growth velocity. These children had a mean peak re-
sponse to GH stimulation tests (insulin tolerance test

or arginine) of 1.3 ng/mL with a maximum response of

2.5 ng/mL. The consistently low responses were similar

to those with multiple pituitary deficiencies (mean peak

response of 1.2 ng/mL and a maximum response of

2.5 ng/mL) and to those with organic pituitary lesions as

described by Kaplan et al. [17].

Tillman et al. [18] studied a group of children diag-
nosed with GHD based on clinical and auxologic data,

along with a group of short children without GHD. The

children underwent arginine, glucagon, clonidine, insu-

lin or exercise stimulation tests; some received a sex

steroid prime. A subgroup of children with ‘‘definitive

GHD’’ (hypothalamic–pituitary pathology such as se-

pto-optic dysplasia, congenital hypopituitarism, tumors,

or abnormal findings on computed tomography or
MRI) had a mean peak response of 3.9 ng/mL with a

range from 0.5 to 13.0 ng/mL. When looking at all

children with a diagnosis of GHD, sensitivity of the GH

stimulation test using a cutoff of 7.5 ng/mL was 73%

with a specificity of 85%. The positive predictive value

at this cutoff was only 50%. In contrast, at a cutoff of

2.5 ng/mL, the sensitivity was 53%, specificity, 92% and

positive predictive value, 80%.
Adan et al. [19] studied subgroups of children who

had been defined as GH deficient based on peak GH

response of <10 ng/mL to two stimulation tests. Those

with ‘‘certain GHD’’ (abnormal hypothalamus–pitui-

tary on imaging, microphallus or hypoglycemia) had a

mean GH peak response to arginine/insulin or glucagon

of 3.9� 0.6 ng/mL. Children with ‘‘transient GHD’’

(with history of a normal response to stimulation while
GH therapy was suspended) had a mean peak response

of 7.7� 0.5 ng/mL and those with ‘‘uncertain GHD’’

had a mean peak response of 6.7� 0.8 ng/mL. The dif-

ferences between the transient and ‘‘uncertain’’ GHD

groups were not statistically significant.

GH hormone stimulation tests, with the limitations

discussed, perform poorly when compared to other

means of diagnosing GHD, such as a combination of
auxology and cranial imaging.

3.2. Cutoff for abnormal response

The cutoff used to determine when a test is abnormal

influences the accuracy of the test. Which peak GH

concentration cutoff during GH stimulation testing best
differentiates those with GHD from those with normal
GH secretion? In the past, 3 ng/mL was the cutoff

commonly used. Kaplan et al. [17] studied 134 prepu-

bertal short children and 10 controls. Fifty-three sub-

jects had hypopituitarism (16 isolated, 19 multiple

hormone deficiencies, 15 organic lesions, three diabetes

insipidus (DI)), the others had ‘‘primordial dwarfism’’,

constitutional short stature, or delayed puberty. Each

underwent insulin tolerance testing. The mean GH re-
sponse to provocation was 2.5 ng/mL in 52 of 53 chil-

dren with hypopituitarism, 12.4 ng/mL in 10 control

subjects, 12.5 ng/mL in 20 children with constitutional

short stature, 11.8 ng/mL in five children with delayed

puberty, and 7.0 ng/mL in eleven children with miscel-

laneous disorders (renal/gastroenterologic anomalies,

Cushing syndrome, chronic disease, malabsorption,

etc.). The difference between those with hypopituitarism
and the other disorders was both statistically and clini-

cally significant, and emphasizes the validity of a cutoff

substantially lower than the 10 ng/mL commonly used

today. Similar results have been demonstrated in adults,

in whom a cutoff of 3 ng/mL is still routinely used for

diagnosis [20].

Youlton et al. [21] confirmed the usefulness of the

<3 ng/mL cutoff. Sixty children with growth retardation
underwent arginine/insulin tolerance testing. The chil-

dren were placed in three groups depending on the peak

GH response. Group I consisted of 19 children with a

peak GH of greater than 7 ng/mL (mean, 14 ng/mL)

following both arginine and insulin testing; no other

pituitary hormone deficiencies were noted. Group II

consisted of 18 children with a response of 63 ng/mL on

both tests. Group II�s minimal GH response to stimu-
lation was consistent with their clinical findings. Twelve

of 18 had physical stigmata of GHD, while the re-

maining six had DI (secondary to craniopharyngioma

(n ¼ 3), histiocytosis (n ¼ 1), teratoma (n ¼ 1), and un-

detectable intracranial lesion (n ¼ 1)). Group III con-

sisted of 23 children with discordant results, with a peak

GH of <7ng/mL after only one of the GH tests. Only

one child in Group III group had clinical characteristics
of GHD; and no children in this group had multiple

pituitary hormone deficiencies.

Today, approximately 70% of pediatric endocrinolo-

gists use a cutoff of 10 ng/mL [22]. This arbitrary cutoff

has undermined the already limited utility of the test,

given the unacceptable number of false positive results.

The high false positive rate of the tests is revealed when

children without GHD, and with normal growth ve-
locity, undergo GH stimulation testing. This has been

evident from Kaplan�s early studies in 1968 [17]. The

range of peak GH response to stimulation in controls

with normal stature was 3.4–28.4 ng/mL; three of 10

children had a maximum response less than 10 ng/mL.

The mean peak GH response in children with constitu-

tional shortness of stature was 12.5 ng/mL with a range
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of responses of 3.2–24.3 ng/mL. Eight of 20 children had
a response less than 10 ng/mL.

These findings have been reproduced in subsequent

studies. Marin et al. [23] studied the GH response to

provocative stimuli in 84 normal children with heights

between the 2.5th and 97.5th percentile and normal

growth velocities (Fig. 3). The children underwent three

GH stimulation tests, exercise (treadmill), arginine, and

insulin, and the peak value from these three tests was
analyzed. The mean peak GH response was 6.9 ng/mL

in Tanner 1 subjects and 9.0 ng/mL in Tanner 2 subjects.

Using a cutoff of 10 ng/mL, 75% of normal prepubertal

children would have been ‘‘diagnosed’’ with GHD. A

substantial proportion of normal pubertal children also

had peak GH concentrations below the current criteria

for GHD.

Ghigo et al. [24] demonstrate that the GH response to
a number of provocative stimuli often failed to raise

the GH levels above 7–10 ng/mL in 472 children without

a diagnosis of GHD and with a normal growth velocity.

The minimum response on testing in these children

without GHD ranged, depending on the particular

stimuli used, from 0.5 to 3.8 ng/mL. Twenty-three to

36% of the subjects receiving arginine, clonidine,

LL-DOPA or glucagon had a GH response less than
10 ng/mL. The authors conclude that ‘‘the finding of
Fig. 3. The peak GH response to GH stimulation with exercise, insulin,

or arginine based on pubertal status. Boxes represent the 95% confi-

dence intervals; the line within the box is the mean GH response [23].

(Reprinted with permission from the Endocrine Society.)
such low GH responses in normal subjects makes these
tests unsuitable for discriminating between normal and

GHD subjects’’ [24]. A number of other studies involv-

ing GH stimulation tests in healthy adults and children

with normal growth velocity have demonstrated similar

rates of false positive results, if the cutoff for poor re-

sponse is 10 ng/mL [5,6,20,25].

Clinicians in the US continue to use a response less

than 10 ng/mL for diagnosis of GHD despite the lack of
a scientific basis for the arbitrary cutoff. The specificity

of GH stimulation tests does improve when a lower

cutoff is used [18,24]. If GH stimulation tests are to be

used, an appropriately lower cutoff (3–5 ng/mL) for di-

agnosis of GHD should be used.

3.3. Are there factors influencing the accuracy of GH

stimulation tests?

Unlike most other stimulation tests in endocrinology,

the arbitrary cutoff defining GH deficiency generally has

not varied depending on the provocative agent or GH

assay used. Moreover, the pubertal status of the child is

not incorporated in the analysis despite evidence that

these factors influence test results. Carel et al. [7] re-

viewed the GH stimulation test results in 3233 children
who received GH therapy. A number of factors were

isolated that independently correlated with peak GH

levels on stimulation testing. Age, puberty, and height

SDS were positively correlated with peak GH levels,

while weight SDS and genetic target height SDS were

negatively correlated. These various factors affecting

peak GH response make the use of a single GH con-

centration as criteria to define GHD untenable.

3.3.1. Growth hormone assays

As the cutoff defining GH deficiency has risen, GH

assays have improved such that GH levels using newer

assays are two to threefold lower than with older assays

[26]. There is also much inter-assay variability. Granada

et al. [27] performed overnight GH secretion studies

using 11 different GH assays (five radioimmunoassays,
five monoclonal immunoradiometric assays, and one

monoclonal enzyme assay). The highest result was three

times higher than the lowest result.

Mauras et al. [28] studied 13 children with normal

stature and 19 children with short stature who underwent

GH stimulation testing. The peak GH concentrations

between the short stature and normal stature groups

were not different. The peak response differed slightly
based on the assay used; four of nine controls had a peak

response of less than 7 ng/mL using the Hybritech im-

munoradiometric assay (IRMA), six of 13 using the

Diagnostic Systems Laboratories (DSL) ELISA and 11

of 13 using the immunofunctional GH (IFGH) assay.

The proportions improved slightly using a cutoff of 5 ng/

mL: three of nine with the IRMA, and six of 13 with the
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DSL ELISA were below this lower cutoff. There have
been other reports which document that different assays

result in variable GH levels. After evaluation of six dif-

ferent GH assays performed in four different laborato-

ries, Andersson et al. [29] conclude that ‘‘it is apparent

that the same cutoff value is not appropriate for inter-

pretation of test results measured by different assays’’.

Wyatt et al. [22] emphasize the need for standardi-

zation of GH assays given that the variability of assays
contributes to the lack of accuracy of GH stimulation

tests. Standardization would certainly reduce the con-

fusion introduced by the different assays and would

improve interpretation of the stimulation tests. Unfor-

tunately, despite pleas to standardize made nearly a

decade ago, this has not been done.

3.3.2. Provocative agent

Different provocative agents have been shown to re-

sult in discordant results when used in the same patient.

Cavallo et al. [30] report that when performing insulin

and GH releasing hormone (GHRH) tests in ‘‘normal

short children’’, 19 of 53 (36%) were discordant, with

12% (9/77) discordance when using clonidine and

GHRH. Ghigo et al. [24] studied the GH response to a

number of different stimuli in 472 children with normal
stature and 177 with ‘‘normal short stature’’. Mean GH

response to physical exercise, insulin-induced hypogly-

cemia, arginine, clonidine, LL-DOPA, glucagon, pyrido-

stigmine (PD), GHRH, PD/GHRH, and arginine/

GHRH was 12.7–61.8 ng/mL, with the largest response

resulting from arginine/GHRH stimulation.

Tzanela et al. [31] demonstrate the impact that so-

matostatin tone can have on GH response to stimula-
tion. Using a combination of GHRH and somatostatin,

the GH stimulation tests discriminated between children

with GHD (defined by previous peak response to stim-

ulation of less than 7 ng/mL) and those with ISS (peak

response greater than 10 ng/mL). How to interpret the

accuracy of these stimulation tests, when compared to

the results of other stimulation tests and not to an in-

dependent gold standard, is unclear. Despite the supe-
riority of these combinations of provocative agents, 189

combination protocols are still in use. The discordant

response to different stimuli invalidates a single uni-

versal cutoff for GH stimulation tests.

3.3.3. Pubertal status/sex steroid prime

Whether the pubertal status of a child or whether the

use of a sex steroid prime impacts the peak GH response
to stimulation remains controversial. Cavallo et al. [30]

report that in 574 short normal children and adoles-

cents, pubertal stage did not affect GH response to

stimulation, although the study did not include subjects

with Tanner 4 or 5 pubertal development. Similarly,

Ghigo et al. [24] did not find a difference in response

based on pubertal status.
Other studies demonstrate benefits of sex-steroid
priming. In 84 children with normal stature and growth

velocity, Marin et al. [23] show an increased peak GH

response (highest value after treadmill exercise, arginine,

or insulin stimulation) following two days of estrogen

priming. Gonc et al. [32] demonstrated a similar increase

in peak GH response with use of a testosterone prime.

In a double-blinded randomized controlled trial, 15

children with GHD (based on clinical, biochemical,
auxologic, and imaging characteristics) and 44 prepu-

bertal or early pubertal healthy short children received

estradiol or placebo daily for three days prior to stim-

ulation with arginine/clonidine [33]. Four weeks later,

the children received the other form of therapy and

underwent a second stimulation test. With estradiol

priming, a peak GH response of 9.0 ng/mL (NIH

polyclonal GH RIA, equivalent to a level of 3–5 ng/mL
on current assays) differentiated the two groups with

100% sensitivity and 98% specificity. Without priming,

the sensitivity was 86.7% and the specificity 90.9%, using

a cutoff of 5 ng/mL. Despite these data, many clinicians

do not prime with estradiol before stimulation nor use

the more appropriate cutoff of 3–5 ng/mL.
4. Is growth hormone stimulation testing in neonates

necessary?

The diagnosis of GHD in neonates is unique. Miller

et al. [34] documented the GH secretory patterns of

neonates, studied at an early age (28.2 h after birth) or at

a later age (74.8 h after birth). GH release was pulsatile,

with decreasing frequency, peak and nadir of pulses in
older neonates. The average GH nadir was 13–23 ng/

mL, much higher than children and adolescents. But

random GH levels are not often drawn within the first

72 h of life and alternatives are necessary. GH levels are

often obtained at the time of spontaneous hypoglyce-

mia; a ‘‘passing’’ level is likely around 30 ng/dL [35].

Bhala et al. [36] demonstrate that in this select popula-

tion, IGFBP-3 is a useful marker of GHD. IGF-BP2
levels are high in the setting of GHD and may have a

diagnostic role in infants as well [37]. GH stimulation

tests in this population are difficult to interpret in light

of the high baseline GH levels and are unnecessary given

the available alternatives.
5. Do GH stimulation tests predict response to GH
therapy?

Although provocative tests using cutoffs of 7–10 ng/

mL fail to accurately distinguish those with true GHD,

from those with normal GH secretion, they might have

some utility if they were able to predict response to

therapy. A preliminary analysis of the National Coop-
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erative Growth Study database looked at 236 prepu-
bertal children with a pre-treatment diagnosis of idio-

pathic GHD or short stature [38]. Children who had a

height increase of 0.5 SDS during the first year of GH

therapy were defined as having a positive response to

therapy. Fifty-six percent of subjects failed the GH

stimulation test (<10 ng/mL) and had a positive re-

sponse to therapy. Eight percent of children passed the

GH stimulation test and did not have a positive re-
sponse to therapy. Overall the GH stimulation test

predicted only 64% of the responses to GH therapy,

slightly better than a coin toss. The sensitivity of the test

was 82%, while specificity was a mere 25%.

Van den Broeck et al. [39] reviewed the Dutch

Growth Hormone Register and analyzed whether long-

term response to therapy of 435 children could be pre-

dicted by peak GH response at the time of diagnosis.
Children were diagnosed as severe GHD, partial GHD,

or ISS based on GH response to GH stimulation tests

(<10 mU/L or 5 ng/mL, 10–20 mU/L or 5–10 ng/mL,

>20 mU/L or 10 ng/mL, respectively). The response to

therapy was significantly better in children with severe

GHD, but was not statistically different between chil-

dren with partial GHD and those with ISS. The authors

conclude that ‘‘there is a lack of prognostic validity of
GH stimulation tests as they are currently applied’’ [39].
6. Are GH stimulation tests safe and inexpensive?

GH stimulation tests are not without risk. Use of

insulin stimulation testing can result in hypoglycemic

seizures. Studies in young children with diabetes dem-
onstrate the negative long-term effects hypoglycemic

seizures have on cognitive function [40–42]. Galloway

et al. [43] used a strict protocol for insulin tolerance tests

in 550 children and reported no severe adverse events.

Despite reassuring reports, there have been two reports

of death and one report of neurological damage fol-

lowing insulin GH stimulation testing complicated by

hypoglycemia [44]. Stimulation with clonidine has also
been associated with hypoglycemia [45]. Arginine stim-

ulation testing can result in hypotension and anaphy-

lactoid reactions.

The cost of these studies is not inconsequential. The

cost of a GH stimulation test in our facility (Lucile

Packard Children�s Hospital at Stanford), including

administration of arginine and insulin, nurse monitoring

and laboratory studies totals over $1000.
7. Do GH stimulation tests impact clinical decisions?

If the results do not guide medical therapy, what

purpose does a test serve? Despite the evidence of the

low reproducibility and poor accuracy of GH stimula-
tion tests, they continue to be commonly performed.
Many groups recommend trials of GH therapy in chil-

dren with poor growth velocities and normal responses

to provocative testing [4,21,46]. The recently published

consensus guidelines [47] of the Growth Hormone Re-

search Society and the Lawson Wilkins Pediatric En-

docrine Society [58] state that children with repeatedly

low insulin-like growth factor-1 (IGF-1) and/or insulin-

like growth factor binding protein-3 (IGFBP-3) levels
(in the absence of systemic disorder which may affect

growth factor production), and normal response on GH

stimulation testing, could be considered for GH therapy

on the basis of a possible abnormality of the GH/IGF

axis. Others advocate postponing therapy of children

with an abnormal response to provocative testing if the

head MRI is normal, until reevaluation [11]. These

recommendations lead to clinical decisions which are
contrary to results of the GH stimulation test. Why

perform a costly, cumbersome, imprecise and inaccurate

test if it does not impact decisions about therapy?
8. How should GHD be diagnosed?

The objective of this paper is not to provide a clin-
ical pathway for the diagnosis of GHD, nor to present

all data on alternatives to GH stimulation tests to di-

agnose GHD, but a few are outlined. Diagnosis of

children with GHD can often be made based on the

history of growth arrest, pituitary surgery or irradia-

tion, auxology, physical stigmata, and/or the presence

of other pituitary hormone deficiencies. These children

comprise the group that would have a response of less
than 3 ng/mL to stimulation as initially described by

Kaplan and Goodman [16,17]. Their diagnosis is clear,

and does not require provocative testing to confirm. As

Frasier [48] states, ‘‘The appropriate focus is on the

patient and not on any particular set of numbers’’.

These children must undergo imaging of the pituitary

and hypothalamus before initiation of GH therapy.

Frequently the diagnosis is not as clear and other di-
agnostic studies are required. Promising alternatives

include growth factor levels, imaging of the brain, and

genetic studies.

8.1. IGF-1 and IGFBP-3

IGF-1 and IGFBP-3 have been proposed as tools to

diagnose GHD in children [9,11,19,20,28,49–51]. Often,
the biochemical data are compared to the results of GH

stimulation tests. GH stimulation tests as discussed are a

poor gold standard to judge the concordance of other

tests with disease. This makes interpretation of these

studies difficult. Adan et al. [19] studied the IGF-1 and

IGF-BP3 levels in children with ‘‘certain GHD’’ (pitui-

tary stalk interruption, familial, and/or hypoglycemia
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and microphallus), ‘‘transient GHD’’ (normal GH peak
after a third stimulation test), and ‘‘uncertain GHD’’

(abnormal response to GH stimulation but without

MRI abnormality, or hypoglycemia/microphallus) and

compared the levels to those in children with ISS. The

IGF-1 and IGFBP-3 levels were significantly lower in

the children with certain GHD as compared to those

with transient or uncertain GHD, as well as children less

than 7 years with ISS. In the children with certain and
transient GHD, the sensitivity of combined IGF-1 and

IGFBP-3 was 96% and the specificity 92%. Elevation of

IGFBP-2 is also noted in the setting of GHD.

It has been demonstrated that lower IGF-1 levels

prior to initiation of therapy correlates with better re-

sponses to therapy. Ranke et al. [52] found that in 156

subjects with GHD (defined by results of GH stimula-

tion testing) and 153 subjects without GHD, the first
year growth response to GH correlated with IGF-1 and

IGFBP-3 at the start of therapy.

8.2. Magnetic resonance imaging

Improved magnetic resonance imaging has contrib-

uted to the diagnosis of GHD [53]. Bozzola et al. [54]

demonstrate the association between hypothalamic/pi-
tuitary abnormalities and GHD. Coutant et al. [10]

demonstrate that MRI findings are more consistent with

clinical characteristics of GHD and more predictive of

response to GH therapy than are peak GH responses.

Subjects with GHD (defined by peak GH on stimulation

<10 ng/mL) and abnormal hypothalamic/pituitary on

MRI had a significantly better response to therapy than

did subjects with GHD and normal MRI findings. The
response to GH therapy among children with ‘‘complete

GHD’’ (peak GH <5 ng/mL) and ‘‘partial GHD’’ (GH

5–10 ng/mL) was similar if the head MRI was normal.

All 15 patients with abnormal MRI findings had mul-

tiple pituitary hormone deficiencies, while only one of 48

subjects with ‘‘GHD’’ (defined by GH stimulation test-

ing) and normal MRI findings had multiple pituitary

deficiencies. Additionally, the growth response to ther-
apy was not significantly different between children with

partial GHD and those with ISS who received therapy.

The authors conclude that imaging with MRI is a more

effective way to predict those children who are truly

GHD and who in turn will have an excellent response to

therapy. They suggest that children with a GH peak of

<10 ng/mL and a normal MRI actually have other ge-

netic causes of short stature, and that partial GHD may
only be one etiologic factor of many. This evidence is in

agreement with that of Maghnie et al. [9] who showed

that the majority of children with normal MRI who

initially had GH peak of <10 ng/mL, subsequently had

normalized results on retesting. Zenaty et al. [55] dem-

onstrate the usefulness of head imaging results to predict

growth response to 3 years of GH therapy.
8.3. Genetic testing

A number of gene mutations (GH-1, GHRH-1, and

PROP-1) resulting in GHD have been determined, al-

lowing for definitive diagnosis of familial GHD in many

cases. Genetic mutations resulting in GH resistance,

IGF-1 deficiency and abnormalities in the signal trans-

duction pathway are being sought. Interestingly, chil-

dren with clinical evidence of isolated GHD, but normal
MRI findings may represent those with mutations af-

fecting GH secretion [56,57]. It is likely that the number

of identified mutations will grow rapidly, increasing the

usefulness of genetic testing in the diagnosis of GHD.
9. Conclusion

GH stimulation tests are no longer appropriate for the

routine diagnosis of GHD in children. As currently used,

these tests lack precision, accuracy, and have little con-

cordance with disease. The tests are poor predictors of

response toGH therapy, cumbersome, expensive, and can

have side effects. Just as measurement of T4 and TSH has

replaced protein bound iodine as measures of thyroid

function andheadMRI replacedpneumoencepaholgram,
so too should GH stimulation tests be replaced.

While efforts should focus on establishing a more

effective algorithm for the diagnosis of GHD and on

improving the prediction of response to GH therapy, the

time has come to stop doing routine GH stimulation

tests in children.
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