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Growth Hormone Stimulation Test Results as Predictors of Recombinant
Human Growth Hormone Treatment Outcomes: Preliminary Analysis of

the National Cooperative Growth Study Database

George M. Bright, MD*; Joanne R. Julius, MS‡; John Lima, PharmD*; and Sandra L. Blethen, MD, PhD‡

ABSTRACT. Growth hormone (GH) stimulation tests
are considered a prerequisite to clinical trials of recom-
binant human GH (rhGH) therapy, but the test results
may not be predictive of the treatment outcomes with
rhGH. We examined the GH stimulation test results as a
predictor of the treatment outcome in a cohort of prepu-
bertal subjects in the National Cooperative Growth
Study. A standard is proposed in which a diagnosis of
GH deficiency is considered appropriate when a patient
has significant first-year catch-up growth and that a pos-
itive stimulation test result predicts this outcome. With
this construct, a traditional interpretation of GH stimu-
lation test results correctly identifies 64% of the rhGH
treatment outcomes. The analysis shows an upper limit
of diagnostic sensitivity of 82% and a lower limit of
specificity of 25% in our study population. The results of
our recent studies suggest that the sensitivity and speci-
ficity of the current GH stimulation tests are attributable
in part to broad intersubject variation in GH clearance,
rates of GH elimination, and GH volume of distribution.
The combined studies suggest that the use of subject-
specific pharmacokinetic parameters will improve the
diagnostic interpretation of GH stimulation test results
and improve rhGH treatment outcomes. Pediatrics 1999;
104:1028–1031; growth hormone stimulation tests, recom-
binant human growth hormone, pharmacokinetic
parameters, maximal stimulated growth hormone con-
centration.

ABBREVIATIONS. GH, growth hormone; hGH, human GH;
rhGH, recombinant human GH; NCGS, National Cooperative
Growth Study; DHt SDS, change in height standard deviation
score; GHmax, maximal stimulated GH concentration.

In the early years of growth hormone (GH) ther-
apy, human GH (hGH) was extracted from the
pituitary glands of organ donors and distributed

through the National Pituitary Association.1 The de-
mand for GH frequently exceeded the supply, and
criteria were developed for determining prospec-
tively which GH-deficient patients would most likely
respond favorably to hGH treatment. Early efforts
were aimed at determining whether the patient had
deficient production of GH, but we have since real-
ized that states of functional GH deficiency may arise
either from a defect in GH production and secretion
or from insensitivity of the GH response mecha-
nisms.2 The pulsatile nature of GH secretion mili-
tated against casual blood sampling to determine the
adequacy of GH production and gave rise to numer-
ous varieties of stimulation tests of GH release. Such
stimulation tests have become standard not only in
endocrine practice but also for the approval of GH
treatment by most health care insurers. It is not sur-
prising then that renewed attention is being given to
the diagnostic accuracy of these tests.

The literature is replete with comparisons of one
stimulation test with another, and no single test has
achieved the status of a “gold standard.” The limita-
tions of GH stimulation tests have been reviewed,3,4

with a consensus being that the “available methods
for measuring GH secretion are neither convenient
nor reliable.”3 The results of GH stimulation tests in
models that have attempted to explain the outcomes
of hGH treatment have not always been reliable pre-
dictive variables.5–7 Are GH stimulation tests useful
or not for determining which patients will benefit

From the *Department of Pediatric Endocrinology and the Center for Phar-
macokinetic and Pharmacodynamic Research, Nemours Children’s Clinic,
Jacksonville, Florida; and ‡Medical Affairs, Genentech, Inc, South San Fran-
cisco, California.
Presented in part at the National Cooperative Growth Study Twelfth An-
nual Investigators Meeting; October 8–11, 1998; New Orleans, LA.
Received for publication May 13, 1999; accepted Jun 22, 1999.
Reprint requests to (J.L.) Center for Pharmacokinetic and Pharmacody-
namic Research, Nemours Children’s Clinic, 807 Nira St, Jacksonville, FL
32207.
PEDIATRICS (ISSN 0031 4005). Copyright © 1999 by the American Acad-
emy of Pediatrics.

1028 SUPPLEMENT
 by on August 28, 2008 www.pediatrics.orgDownloaded from 

http://pediatrics.aappublications.org


from treatment? Here, we begin to explore a novel
solution to this problem.

The concentration of GH in the blood may not
reflect accurately the amount of GH secreted and so
not readily distinguish between states of GH suffi-
ciency and deficiency. In earlier studies, we found
that the amount of cortisol given in dexamethasone-
treated subjects could not be determined accurately
from changes in their plasma cortisol concentra-
tion.8,9 More recently, we have repeated these studies
with injections of recombinant human GH (rhGH) in
adults who have been treated with somatostatin.
From these studies, we see that sufficient variation
exists in the subjects’ GH volumes of distribution,
elimination rates, and clearances to make determin-
ing the amount of GH that was given unlikely from
measuring blood GH concentrations alone. Accord-
ingly, more accurate determinations of the amount of
GH given are possible with the use of subject-specific
pharmacokinetic parameters.10 We propose that us-
ing pharmacokinetic parameters specific to each pa-
tient may eventually lead to more accurate determi-
nations of the amount of GH secreted during a GH
stimulation test and that this value will be a more
reliable predictor of the response to treatment with
GH.

METHODS
As a preliminary step, we examined the National Cooperative

Growth Study (NCGS) database to determine the predictive abil-
ity of GH stimulation tests. We selected 236 children from sub-
study VI who remained prepubertal during their first year of
rhGH therapy and for whom a pretreatment bone age and a
midparental height were available.11 All blood samples for the GH
stimulation tests were analyzed at a central laboratory. The chil-
dren were selected without regard to the type of GH testing used,
because many types of tests are used and we sought to determine
the impact of GH stimulation testing as it is currently used. Only
subjects with idiopathic GH deficiency or idiopathic short stature
were included. The change in the height standard deviation score
(DHt SDS) after 1 year of rhGH treatment was the primary indi-
cator of the treatment outcome. We used linear regression analysis
to determine the relation between the maximal stimulated GH
concentration (GHmax) and the DHt SDS. The DHt SDS predicted
for each subject was then calculated from the regression equation
and each subject’s GHmax. The prediction residuals (actual DHt
SDS 2 predicted DHt SDS) were then examined for dependencies
on GHmax, bone age at the time of treatment, the difference be-
tween chronologic age and bone age, and midparental height.

We then segregated the GH stimulation test and DHt SDS data
in a 2 3 2 analysis scheme to determine the specificity and sensi-
tivity of the GH stimulation test as a predictor of treatment out-
come. In this scheme, the diagnosis of deficient production of GH
was considered appropriate when significant first-year catch-up
growth was observed. A positive stimulation test result was de-
fined as one that predicts this outcome. Thus, a positive, or pre-
dictive, GH stimulation test result is usually associated with a low
GHmax, and traditionally has been referred to as a “failed” GH test.
An arbitrary, but commonly used, cutoff point for GHmax of 10
mg/L was used to divide the stimulation test results as failed (,10
mg/L) or passed ($10 mg/L). A treatment outcome of 0.5 SD in
DHt SDS was used to divide the treatment outcomes into positive
($0.5 SD) and negative (,0.5 SD). For example, in boys younger
than 12 years, an increase of 0.5 SD in height SDS is equivalent to
an increase in linear growth velocity of 1.3 to 3.7 cm per year more
than that necessary to maintain their current SDS.12 We then tested
the dual hypotheses that a positive GH stimulation test result (,10
mg/L) is a predictor of a positive treatment outcome and that a
negative GH stimulation test result ($10 mg/L) is a predictor of a
negative outcome. The sensitivity of the procedure was then de-
fined as the number of subjects with deficient GH production (DHt

SDS . 0.5) and a positive GH stimulation test result (GHmax ,10
mg/L), divided by the number of subjects with deficient GH
production. Specificity was defined as the number of subjects
without deficient GH production (DHt SDS ,0.5) and a negative
GH stimulation test result (GHmax $10 mg/L) divided by the
number of subjects without deficient GH production.13

RESULTS
The patient group selected for analysis consisted of

179 boys (76%) and 57 girls (24%); 172 (73%) were
considered to have idiopathic GH deficiency and 64
(27%) to have idiopathic short stature. At study en-
try, the mean chronologic age was 8.5 3 3.2 years,
and the mean bone age was 6.2 3 3.0 years.

The regression analysis of the primary treatment
indicator showed a dependency of treatment out-
come on the GH stimulation test result (DHt SDS 5
1.1–0.45 [logGHmax]; P , .001, R2 5 0.11). The per-
centage amount of the unexplained variance, com-
puted as 100(1 2 R2) 5 89%, however, suggested that
GHmax by itself would not be a strong predictor of
DHt SDS (Fig 1). The residual differences between
the actual and the predicted outcomes were of both
positive and negative magnitudes, suggesting that
GHmax by itself would both overpredict and under-
predict the treatment outcomes. By Pearson correla-
tion analysis, the residuals were found to decrease
with greater bone age (P , .001), but were not related
to height at study entry, midparental height, GHmax,
or the difference in chronologic and bone ages.

The segregation of patient data by treatment out-
comes and stimulation test results is shown in Fig 2.
This categorization makes it possible to test the hy-
pothesis that the GH stimulation test result will pre-
dict correctly the treatment outcome. The arbitrary
cutoff points of 10 mg/L for the stimulation test
result and 0.5 SD in height divide the overall results
into four types. In the upper left quadrant are the
values for the 131 subjects (56%) in whom a failed
stimulation test result was a positive predictor of
significant catch-up growth; ie, the “failed” test (tra-
ditional term) was a positive predictor of the treat-
ment outcome. In the lower right quadrant are the
values for the 19 subjects (8%) in whom a passed
stimulation test result predicted correctly a lack of
significant catch-up growth. The GH stimulation test,
as traditionally interpreted, predicted 64% of the out-

Fig 1. Dependence of DHt SDS on GHmax in stimulation testing in
236 prepubertal children in NCGS substudy VI.
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comes correctly. In the lower left quadrant are the
values for the 57 subjects (24%) with a failed stimu-
lation test result who did not have significant
growth, and in the upper right quadrant are the
values for the 29 subjects (12%) with a passed stim-
ulation test result who had significant growth. Thus,
the stimulation test failed to predict correctly 36% of
the treatment outcomes. A failed stimulation test
result was associated with significant growth (DHt
SDS $ 0.5) in 131 (70%) of 188 patients, and a passed
stimulation test result was associated with lack of
significant growth (DHt SDS ,0.5) in 19 (40%) of 48
patients. Considering that GH deficiency is identi-
fied by a positive growth response and that a posi-
tive test result is a GHmax of ,10 mg/L, test sensitiv-
ity can be calculated as 82% (131 4 [131 1 29]) and
specificity as 25% (19 4 [19 1 57]).11 The sensitivity is
an upper-limit estimate to the extent that some pa-
tients with a GHmax of $10 mg/L were not selected
for treatment but may have grown well. The speci-
ficity is underestimated to the extent that persons
who are growing well do not attend the endocrine
clinic and, hence, are neither tested nor treated.

DISCUSSION
We have compared the results of standard GH

stimulation tests with first-year rhGH treatment out-
comes to test the dual hypotheses that a failed GH
stimulation test is a positive predictor of good
growth with rhGH treatment and a passed test will
correctly predict no response. The analysis cannot be
construed as entirely robust, because a number of
biases can be identified, but, inasmuch as the NCGS
database reflects the current standards of practice,
we can determine some of the strengths and weak-
nesses of the GH stimulation tests as they are now
being used. In our study, the outcomes in the first
year of rhGH treatment were predicted correctly by
a traditional interpretation of a GH stimulation test
result in only two thirds of the patients.

Other caveats about interpreting GH stimulation test
results have been reviewed recently.3,4 The reviews
question how well the first year’s treatment response
predicts a beneficial effect on adult height. It is not at all

certain that one type of stimulation test gives equiva-
lent results as another, or whether the same stimulation
test would give the same results when repeated. De-
bate continues over the relative merits of pharmaco-
logic (stimulation) versus physiologic (sequential sam-
pling) GH testing. The use of cutoff points for test
interpretation is admittedly arbitrary.3,4

It is possible that an additional aspect of stimulation
tests diminishes their diagnostic sensitivity and speci-
ficity. We have found a poor correlation between peak
plasma cortisol concentrations and the amount of cor-
tisol given in dexamethasone-treated adults.8 There-
fore, we have asked how accurately serum GH concen-
trations reflect the actual mass of GH appearing in the
blood. In somatostatin-treated adults, there is sufficient
intersubject variation in the GH volumes of distribu-
tion, elimination rates, and clearances to make it un-
likely to determine accurately from the GH levels alone
how much GH was given.10 Consider the error encoun-
tered in that study in predicting the amount of GH that
had been given from the peak GH concentration (Fig 3).
The difference in the actual and the predicted GH doses
shows a nonrandom distribution. Therefore, the tacit
assumption that GH stimulation test results are linearly
and positively related to how much GH actually was
secreted leads to systematic error. When the amount of
GH given is small, the predicted concentration exceeds
the actual concentration, producing a negative error.
Thus, in persons with partial GH deficiency, there is a
tendency for the GH stimulation test to give a false-
normal result. Accordingly, some persons with partial
GH deficiency may be overlooked for treatment. When
larger amounts of GH are given, the error becomes
positive; that is, the actual concentration exceeds the
predicted, and some patients with adequate GH secre-
tion therefore may be considered to have GH defi-
ciency. This error analysis from our recent study,10

therefore, is in substantial agreement with our current
analysis of the NCGS database. If the secretion of GH is
the appropriate defining parameter for diagnosing GH
deficiency (as opposed to deficient GH responsive-

Fig 2. Results of testing the dual hypotheses that a GH stimulation
test result of ,10 mg/L predicts a positive rhGH treatment out-
come of a DHt SDS of $0.5 and that a GH stimulation test result
of $210 mg/L predicts a negative treatment outcome of a DHT
SDS of ,0.5.

Fig 3. Differences between the actual GH doses and the predicted
GH doses as a function of the actual GH doses in healthy adults.
These data are an additional analysis of subject data in reference
10. The predicted GH doses were calculated from the linear re-
gression analysis of the actual GH doses and the GHmax. When the
amount of GH given is low, as in partial GH deficiency, the
predicted amount is greater than the actual. Accordingly, some
persons with partial GH deficiency may be overlooked for treat-
ment. Conversely, with greater doses of GH, the dose is underes-
timated such that some GH-sufficient persons may be selected for
treatment with rhGH.
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ness), then trying to determine the GH concentration
from GH stimulation test results will produce both
positive and negative errors. If GH secretion is a valid
predictor of the response to treatment with rhGH, then
GH stimulation tests, as currently interpreted, will
have low sensitivity and specificity.

In our study in healthy adults, we found that using
subject-specific pharmacokinetic parameters results
in far more accurate determinations of the amount of
GH given than does using GH concentration data
alone.10 We are now conducting a study in children
to see whether their GH pharmacokinetic parameters
will make it possible to determine GH secretion more
accurately and whether the mass of secreted GH, so
determined, will be a more valid predictor of rhGH
treatment outcomes.

ACKNOWLEDGMENTS
This work was supported by a grant from the Genentech Foun-

dation for Growth and Development, and by an educational grant
from Genentech, Inc, South San Francisco, CA.

REFERENCES
1. Frasier SD. Human pituitary growth hormone (hGH) therapy in growth

hormone deficiency. Endocr Rev. 1983;4:155–170
2. Johnston LB, Woods KA, Rose SJ, Clark AJL, Savage MO. The broad

spectrum of inherited growth hormone insensitivity syndrome. Trends
Endocrinol Metab. 1998;9:228–232

3. Rosenfeld RG, Albertsson-Wikland K, Cassorla F, et al. Diagnostic
controversy: the diagnosis of childhood growth hormone deficiency

revisited. J Clin Endocrinol Metab. 1995;80:1532–1540
4. Reiter EO, Martha PM Jr. Pharmacological testing of growth hormone

secretion. Horm Res. 1990;33:121–127
5. Sherman BM, Frane J, Johanson AJ, Kaplan SL. Predictors of response to

treatment with methionyl human growth hormone. In: Underwood L,
ed. Human Growth Hormone: Progress and Challenges. New York, NY:
Marcel Dekker Inc; 1988:131–144

6. Ranke MB, Lindberg A, Guilbaud O. Prediction of growth in response
to treatment with growth hormone. In: Ranke MB, Gunnarson R, eds.
Progress in Growth Hormone Therapy—5 Years of KIGS. Mannheim,
Germany: Verlag; 1994:97–111

7. Blethen S, Compton P, Lippe BM, Rosenfeld RG, August GP, Johanson
A. Factors predicting the response to growth hormone (GH) therapy in
prepubertal children with GH deficiency. J Clin Endocrinol Metab. 1993;
76:574–579

8. Bright GM, Darmaun D. Corticosteroid-binding globulin modulates
cortisol concentration responses to a given production rate. J Clin En-
docrinol Metab. 1995;80:764–769

9. Bright GM. Corticosteroid-binding globulin influences kinetic parameters
of cortisol transport and clearance. J Clin Endocrinol Metab. 1995;80:770–775

10. Bright GM, Veldhuis JD, Iranmanesh A, Baumann G, Maheshwari H,
Lima J. Appraisal of growth hormone secretion: evaluation of a com-
posite pharmacokinetic model that discriminates multiple components
of growth hormone input. J Clin Endocrinol Metab. In press

11. Attie KM, Julius JR, Stoppani C, Rundle AC. National Cooperative
Growth Study substudy. VI. The clinical utility of growth hormone
binding protein, insulin-like growth factor 1, and insulin-like growth
factor-binding protein 3 measurements. J Pediatr. 1997;131:S56–S60

12. Hamill PVV, Dzird TA, Johnson CL, Reed RR, Roche AF. NCHS Growth
Curves for Children from Birth to 18 Years. Washington, DC: Public Health
Service. US Dept of Health, Education, and Welfare publication 78-1650;
1997

13. Sox HC Jr. Probability theory in the use of diagnostic tests. Ann Intern
Med. 1986;104:60–66

Analysis of Bone Age Data From National Cooperative Growth Study
Substudy VII

Stephen F. Kemp, MD, PhD*, and Judy P. Sy, PhD‡

ABSTRACT. National Cooperative Growth Study sub-
study VII was conducted 1) to compare standardized
hand–wrist and knee bone age determinations in puber-
tal children treated with growth hormone (GH); 2) to
compare local determinations of bone ages with centrally
determined bone ages; 3) to relate the response to GH
therapy to the bone age determinations; and 4) to ascer-
tain the predictive value of each type of bone age deter-
mination. Eligible subjects were those in the National
Cooperative Growth Study who were at Tanner pubertal
stage 2 or greater for breasts (girls) or genitals (boys).
Radiographs of the hand–wrist were taken annually, and
radiographs of the knee were taken at the beginning and
the end of the study. Separate bone age determinations
were made from these radiographs. A combined hand–

wrist and knee bone age determination also was derived.
There were 990 patients in the study; in 925 (677 boys),
there were both hand–wrist and knee bone age determi-
nations from the baseline pubertal radiographs. There
was only one radiographic assessment in 496 patients,
two in 205 patients, and three to eight in the remaining
patients. The strongest correlation was between the
hand–wrist bone age and the hand–wrist plus knee bone
age (r 5 .995). Also strongly correlated were knee with
hand–wrist (r 5 .872) and knee with hand–wrist plus
knee (r 5 .914). For none of these bone age methods was
any statistically significant difference found between the
methods. The locally determined bone ages correlated
strongly with the centrally determined bone ages for
knee (r 5 .850), hand–wrist (r 5 .928), and hand–wrist
plus knee (r 5 .930); however, the locally determined
knee and hand–wrist values were less (by ;0.3 year) than
the centrally determined values. These differences, how-
ever, do not appear to be clinically significant. Pediatrics
1999;104:1031–1036; bone age determinations, recombinant
human growth hormone, hand–wrist radiographs, knee ra-
diographs.

ABBREVIATIONS. GH, growth hormone; NCGS, National Coop-
erative Growth Study; SDS, standard deviation score(s).
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