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ABSTRACT. Clinical testing of growth hormone (GH) 
sufficiency is a controversial area in endocrinology. Due to 
the episodic nature of endogenous GH secretion, diagnosis 
of GH deficiency has been defined as a failure to achieve 
normal GH levels in response to at least two stimuli. This 
testing is associated with significant patient morbidity and 
cost. We analyzed our experience over a 4-y period to 
determine whether clinical or biochemical variables could 
be used to predict the results of a specific GH testing 
procedure. Of 180 cases analyzed (67% male, mean age 
8.89 f 4.39 y, range neonate-16 y), eight cases had incom- 
plete GH testing results. Of the remaining 172, 19 were 
GH deficient (GH level <7 ng/mL). Younger age, higher 
body mass index and a greater degree of bone age delay 
were characteristic of the GH-deficient population; how- 
ever, none of these variables alone was of diagnostic utility. 
Serum IGF-I level was below the normal range for 81% of 
the GH deficient and 47% of the GH-sufficient children; 
and was the only single variable that provided a reasonable 
between-group distinction. Discriminant analysis resulted 
in development of a new variable, based on IGF-I z scores, 
chronologic age, degree of bone age delay, and body mass 
index, which would have allowed exclusion of GH defi- 
ciency without provocative testing for 58% of the GH 
sufficient population, whereas permitting the diagnosis of 
GH deficiency for all GH-deficient subjects. Our data are 
dependent on the IGF-I assay method and the clinical 
definition for GH deficiency; therefore, the calculated pre- 
dictive values are not applicable to all clinical populations. 
However, our data provide a new perspective on the inte- 
gration of IGF-I levels and clinical information in predict- 
ing GH sufficiency. (Pediatu Res 27:45-51,1990) 

Abbreviations 

BA,bone age 
BMI, body mass index 
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GH, growth hormone 

ally includes exclusion of hypothyroidism and non-endocrine 
organic causes, and consideration of familial and psychosocial 
factors (1, 2). Determination of G H  sufficiency is frequently 
included as part of this evaluation. 

Because G H  secretion is episodic, determination of G H  suffi- 
ciency generally involves administration of a stimulus to enhance 
pituitary G H  secretion, followed by multiple venous blood sam- 
plings for determination of G H  levels. Commonly used stimuli 
include exercise, sleep, and pharmacologic agents such as clo- 
nidine, L-DOPA, arginine, ornithine, and insulin (3, 4). By 
convention, failure to attain a normal circulating G H  level after 
two provocative stimuli defines classical G H  deficiency (5). Pro- 
vocative G H  testing involves morbidity and discomfort for chil- 
dren due to the side-effects of the pharmacologic agents and the 
prolonged period of blood sampling. Furthermore, patient cost 
and time commitment for health personnel are significant. 

In view of these considerations, more efficient screening pro- 
cedures for G H  sufficiency have been sought. Single G H  levels 
obtained after exercise have given variable results (6). Recently, 
urinary G H  levels have shown promise, although the assay itself 
is somewhat cumbersome and not readily available (7, 8). 

IGF-I, also known as somatomedin-C, is a 7.5-kD protein that 
mediates the cellular growth-promoting actions of GH (9). Blood 
IGF-I levels are dependent on G H  adequacy, with low levels in 
hypopituitarism and elevated levels in acromegaly (10). Unlike 
GH, blood IGF-I concentrations are fairly constant through the 
day, due to the presence of specific binding proteins (1 1). Average 
IGF-I concentrations are dependent on age, sex, and nutritional 
status (1 2). 

IGF-I levels have been advocated as a screening procedure for 
G H  deficiency (13, 14), although there are limited data to support 
this use in a clinical setting. We reviewed our experience using 
IGF-I levels and other clinical variables in the evaluation of G H  
sufficiency. Our data indicate that IGF-I levels may be useful in 
predicting response to provocative G H  testing, particularly when 
considered together with other clinical variables. 

MATERIALS AND METHODS 

Study population. Data were collected over a 4-y period from 
177 consecutive children evaluated for possible G H  deficiency 
in the Pediatric Endocrinologv clinic at the Children's Hosvital 
at Stanford. Three children-here evaluated on two separate 
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tion represents -50% of the total population referred for evalu- 
ation of growth retardation during this period. 

Testing protocol. Our routine protocol for evaluation of GH 
adequacy was as follows: children were admitted to the outpatient 
clinic after an overnight 6- to 8-h fast for the initial screening 
procedure. A heparin-flushed intravenous catheter was placed 
for blood sampling. L-DOPA or clonidine HCl was then orally 
administered, and blood samples were obtained for GH levels 
predose, and at 60 and 90 min postdose. The L-DOPA dosage 
was 125 mg for up to 30 lb BW, 250 mg for >30 up to 60 lb 
BW, and 500 mg for >60 lb BW. The clonidine HC1 dosage was 
5 pg/kg BW rounded to the nearest 50 pg, maximum dose = 
250 pg. In eight cases, an exercise test was performed, involving 
15-20 min of unmonitored exertion on an exercise bicycle, with 
GH levels measured at baseline, immediately postexercise, and 
20 and 40 min postexercise. 

A normal response was defined as a peak GH level of 2 7  pg/ 
L. Children who failed to achieve this level during the screening 
procedure were then admitted to the hospital for an arginine- 
insulin infusion test. After an overnight fast, 0.5 g/kg of arginine 
HCI (max 30 g) was infused intravenously over 30 min. Premarin 
(conjugated estrogens) 2.5 mg was administered orally with water 
at bedtime in the evening before the test and immediately before 
the test. GH levels were measured at baseline and 15, 30, 45, 
and 60 min after the start of the arginine infusion, and a cortisol 
level was obtained at baseline. Regular insulin, 0.1 U/kg, was 
then given intravenously, and GH levels were obtained at 15, 
30, 45, 60, 90, 150, and 210 min postinsulin infusion. Cortisol 
levels were measured at 30,60, and 90 min after insulin infusion. 
An adequate hypoglycemic response was a serum glucose decline 
of 250% from baseline or an absolute nadir of ~ 2 . 8  mM. A peak 
GH response of 5 7  pg/L after these procedures defined GH 
deficiency. A normal cortisol response was considered to be a 
rise of 10 pg/mL over baseline or a level of 2552 nM (20 pg/ 
dL) for any measurement. There were 19 children who had the 
arginine-insulin infusion test without a prior screening proce- 
dure. These included children with conditions which strongly 
predispose to GH deficiency, including craniopharyngioma and 
cranial irradiation. The test procedure was modified by elimi- 
nation of the insulin-infusion test for seven children who were 
believed to be at risk for severe hypoglycemia. In these cases, 
failure to achieve a peak GH level in response to at least two 
other stimuli defined GH deficiency. 

Assay methods. Serum GH and IGF-I levels were measured 
by radioimmunoassay at Endocrine Sciences Laboratories, Tar- 
zana, CA. For the IGF-I assay, samples were prepared by acidi- 
fication and ethanol precipitation (15) and a final second-anti- 
body precipitation step is used to minimize interference by 
endogenous IGF binding proteins. Cortisol levels were deter- 
mined by RIA at Stanford University Hospital. 

Data collection and analysis. The following data were collected 
at the time of the screening procedure: age, ht, wt, ancillary 
diagnoses, and baseline and peak GH levels. Heights (mean of 
three consecutive determinations) were measured on a calibrated 
Harpendon stadiometer by a single observer (L.R.). IGF-I levels 
within 6 mo of the screening procedure were included. Cortisol 
levels were tabulated for children tested with the insulin infusion 
test. Growth rate data were included only if >3 mo of ht 
measurements in our clinic were available. Since this information 
was available for <50% of the patients, growth rate was not 
included in the final data analyses. Body mass index was calcu- 
lated as wt/ht2. 

Data were analyzed using SAS-PC (16). Descriptive data are 
expressed as the mean f SD. Between-group comparisons were 
analyzed using the unpaired t test assuming equal variances, 
unless the variances were demonstrated to be unequal by the 
folded form of the F-statistic, in which case the t test was done 
using the Sattenvaite approximation. Correlations between sep- 
arate variables were calculated using the Pearson method. p 
values of <0.05 were considered significant. Predictive values 
were calculated using discriminant analysis (16). 

Z scores for IGF-I levels were determined from the age- and 
sex-related normal values provided by Endocrine Sciences Lab- 
oratory, Tarzana, CA. Z scores for height were determined using 
the National Health Examination Survey data (17). BA was 
determined from hand and wrist radiographs and BA z scores 
were calculated using the expected BA and SD (1 8). 

RESULTS 

Study population. CA at evaluation ranged from newborn to 
16 y, with a mean of 8.89 k 4.39 y for the 180 data sets. There 
were 118 males (67%) and 59 females (33%). The three children 
who were tested on two separate occasions included two boys 
and one girl. All patients were euthyroid at the time of GH 
testing. 

Diagnoses assigned prior to GH testing included Turner syn- 
drome (n = 8), other chromosomal or dysmorphic syndromes (n 
= 17), failure to thrive (n = 7), idiopathic or iatrogenic hypopi- 
tuitarism (n = 26), constitutional delay of growth and develop- 
ment (n = 20), normal variant short stature (n = 82), diabetes 
mellitus (n = 2), or other conditions, such as steroid-dependent 
illnesses (n = 14). Four children were thought to be probably 
normal, but were tested for GH sufficiency after consideration 
of growth rate and genetic potential. A total of 166 of 179 (92%, 
1 missing data) cases had a height z score less than - 1.65 (-5th 
centile) at the time of evaluation. 

G H  testing. A total of 160 children had an initial outpatient 
GH screening procedure performed, for a total of 16 1 total tests; 
108 passed this initial test and required no further GH testing. 
Of the 53 patients who failed (33%) the initial screen, 45 (85%) 
had a second test performed and eight were lost to follow-up. 
Fourteen of the 45 (3 1 %) children receiving a second test failed 
both the GH screening and second tests. 

Of the 16 1 screening tests, 1 14 used clonidine-stimulation, 39 
used L-DOPA stimulation, and eight were exercise tests. Eighty- 
three of 1 14 (73%) children tested with clonidine had a GH level 
2 7  pg/L, whereas 20 of 39 (52%) tested with L-DOPA attained 
this level ( p  < 0.02 by x2 for clonidine versus L-DOPA). Ten of 
31 (32%) of the clonidine test failures, and four of 19 (21 %) of 
the L-DOPA test failures failed a second test and were diagnosed 
as GH deficient (NS by x2 for clonidine versus L-DOPA). The 
clonidine test appears to be a more specific screening test for GH 
deficiency than the L-DOPA test. The number of children tested 
with exercise-stimulation was too small to allow accurate out- 
come comparisons. 

For the 101 children with a GH level 2 7  pg/L after L-DOPA 
or clonidine stimulation, nine (9%) had a peak GH level at 
baseline, 56 (55%) had a peak GH level at 60 min, and 35 (35%) 
had a peak at 90 min. One had a peak at 120 min after clonidine 
(not a routine time of sampling), and the time of sampling was 
not recorded for two children. Eighteen of 114 (16%) clonidine 
and four of 33 L-DOPA tests (lo%, six with unrecorded baseline 
GH level) had a GH r 7 pg/L at baseline, and theoretically 
would not have needed the stimulation procedure. Of the five 
children who passed an exercise test, one had a peak at baseline, 
three immediately after exercise, and one at 40 min after exercise. 

An additional 19 children did not have an initial outpatient 
GH screening procedure and five (26%) of these were diagnosed 
as GH deficient on the basis of an insulin-arginine test. Therefore, 
a total of 19 children (1 1 males, eight females), representing 1 1 % 
of the complete GH testing data sets, was diagnosed with GH 
deficiency. Figure 1 depicts the process of GH evaluation for the 
180 cases, leading to a final diagnosis of GH deficiency for 19 
patients. 

GH testing results in relation to pre- and posttesting diagnoses 
were examined. Only one patient thought to have "normal 
variant short stature" before GH testing failed to achieve a GH 
level 2 7  pg/L on multiple tests, whereas 8 of 18 "hypopituitary" 
children passed the GH testing. However, 18 of the 19 (95%) of 
the GH-deficient children were thought to have hypopituitarism 
before GH testing. The diagnostic yield in the other groups was 
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nil. This apparently high predictive value of clinical acumen is 
probably related to other factors, such as referral bias (including 
testing previously done elsewhere), and predisposing conditions 
(irradiation, surgery). 

Of the 18 children with a pre-GH testing diagnosis of hypopi- 
tuitarism, five had a final diagnosis of idiopathic isolated GH 
deficiency (including one with a history of premature birth), two 
had GH and thyrotropin deficiency, two had hereditary GH 
deficiency, six had intracranial tumors (two craniopharyngiomas, 
one nonfunctional adenoma, one Cushing's disease, two other), 
two had septooptic dysplasia, and one had histiocytosis X. The 
child with a pre-GH test diagnosis of normal variant short stature 
had a final diagnosis of idiopathic isolated GH deficiency. Fifteen 
of the 19 GH-deficient children were subsequently treated with 
exogenous GH in our clinic, and 14 of 15 had a marked increase 
in growth rate after 1 y of therapy. 

Twelve of 14 patients with ht z scores above - 1.65 SD (5th 
centile) were found to have normal GH levels. The two who 
were GH deficient were just at - 1.65 SD for ht, and both had 
received cranial irradiation. Interestingly, all eight children who 
failed the initial outpatient screening test and were subsequently 
lost to follow-up were male. 

IGF-I levels. IGF-I levels were below the age- and sex-related 
absolute range for 13 of 16 (8 1 %) GH-deficient children, and 62 
of 133 (47%) non-GH-deficient children ( p  < 0.005 by x2). 
Three of 19 GH deficient (16%) and 20 of 153 GH-sufficient 
children (13%) did not have IGF-I levels available within 6 mo 
of the GH tests. Eight children had incomplete GH data sets 
(failed the outpatient screening test, then lost to follow-up); and 
of this group, IGF-I levels were low for three, normal for four, 
and missing for one. 

If a 2 SD (rather than absolute) range is used, the percentages 
falling below the 2 SD curve are 62.5 % ( 101 16) for GH deficient 
and 27% (361133) for non-GH deficient (p < 0.005 by x2). The 
percentages using a 1 SD range are 94% (15116) and 84% ( 1  121 
133), respectively (p < 0.005 by x2). 

IGF-I z scores were -2.06 + 0.77 SD (n = 16) for the GH- 
deficient group, - 1.69 + 0.62 SD for the group with incomplete 
results (n = 7), and - 1.57 + 0.6 1 SD for the GH-suMicient group 
(Fig. 2). The GH-deficient and sufficient groups differed signifi- 
cantly ( p  < 0.01). 

Other variables. Table 1 compares several other variables with 
regard to distinguishing GH-sufficient and GH-deficient chil- 
dren, in the group as a whole and after separation by BA 2 7 y. 
As mentioned above, in the overall population, only IGF-I z 
scores were significantly different between the GH-deficient and 
GH-sufficient groups. When separated according to BA r 7 y, 

180 cases ( 1  7 7  patients) 1 
16 1 outpatient acreens 19  arginhe-insulin only 
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Fig. 1. Flow diagram of clinical GH evaluations. GH testing process 
for the 180 cases evaluated; leading to a final diagnosis of GH deficiency 
for 19 cases. See text for explanation. 

the discriminant value of IGF-I was preserved only for the 
younger group. Overall, there was no single variable that allowed 
clinically adequate discrimination of GH-sufficient and GH- 
deficient groups. 

Although pre-GH test diagnosis was evidently highly predictive 
of GH sufficiency in our study population, this variable is largely 
subjective, and was not included in our predictive value analysis. 

HP a CD 0 NV DM A DY 

FTT V OT 0 XO NL 

GHD GHM GHS 

0.50- 
I n -  

Fig. 2. IGF-I z scores versus final diagnosis. IGF-I z scores, means 
and SD are depicted according to the final diagnosis, which is indicated 
at the top. Abbreviations: GHD, G H  deficient; GHS, GH-sufficient; 
GHM, missing complete G H  testing data; NS, nonsignificant (p  > 0.05) 
by repeated t test. The patients are identified according to pre-GH test 
clinical diagnosis by symbols as indicated at the bottom of the figure. 
HP, hypopitutitarism; CD, constitutional delay of growth and develop- 
ment; NV, normal variant short stature; DM, diabetes mellitus; DY, 
chromosomal or dysmorphic syndrome; FTT, failure to thrive; OT, other 
conditions, including steroid-dependent illnesses; XO, Turner syndrome; 
NL, normal stature. 

0.00- 

Table 1. Comparisons by BA* 

• 

N S -  N S -  
u 0 

0 

Grour, Variable GH sufficient GH deficient o 

All patients n 153 19 
CA (Y) 9.08 + 4.41 (153) 7.56 + 3.90 (19)NS 
ht z score -2.81 + 1.10 (152) -3.06 + 1.24 (19)NS 
BA z score -2.12 t 1.37 (143) -2.57 + 1.78 (18)NS 
IGF-I z score - 1.57 + 0.6 1 (133) -2.06 +. 0.77 (16)0.004 
BMI 16.37 + 2.68 (145) 17.79 +. 3.94 (19)NS 

B A < 7 y  n 60 12 
CA (Y) 5.46 -t 2.85 (60) 5.25 + 2.00 (12)NS 
ht z score -2.78 + 1.00 (60) -3.58 + 1.17 (12)NS 
BA z score -2.26 t 1.62 (60) -3.17 .+ 1.69 (12)NS 
IGF-I z score -1.59 f 0.53 (52) -2.21 -t 0.52 (10)0.001 
BMI 15.22 + 1.78 (52) 15.85 + 1.25 (12)NS 

B A 2 7 y  n 83 7 
CA (Y) 12.45 + 2.04 (83) 11.51 + 3.08 (7) NS 
ht z score -2.69 + 0.84 (83) -2.19 + 0.80 (7) NS 
BA z score -2.03 + 1.17 (83) -1.39 + 1.38 (6) NS 
IGF-I z score -1.59 -c 0.68 (73) -1.81 f 1.08 (6) NS 
BMI 17.37 + 2.77 (83) 21.12 + 4.80 (7) NS 

* GH-sufficient and GH-deficient groups were separated and analyzed 
for the six variables indicated, for the group as a whole (omitting the 
eight incomplete data sets) and according to BA < 7 y or 2 7  y. Only 
IGF-I z score differed between the diagnostic groups, and this was 
preserved only for the younger BA. A p < 0.05 was considered significant. 
An assumption of unequal variances was used for the analyses involving 
BMI, as described in "Materials and Methods." Numbers in parentheses 
indicate the number of cases for which data were available. NS, not 
significant. 
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Predictive values. Predictive values were calculated by discrim- 
inant analysis (16) for the 180 data sets (19 GH deficient, 153 
GH sufficient, eight missing). Forty sets were found to be missing 
data for one or more variables. Ht z score, BMI, IGF-I z score, 
CA, and BA z score were initially entered, and the STEPDISC 
procedure was used with forward selection (16). BMI, IGF-I z 
score, CA and BA z score were found to independently vary with 
final diagnosis, whereas ht z score was deleted. The CANDISC 
procedure was then used to derive canonical variables. This 
resulted in a new variable, CANl, incorporating the relative 
predictive values of four independent variables: 

CANl = 0.24[CA]-0.33[BMI]+O.98[IGF-I z score] 

Figure 3 shows the distribution of the CANl scores for the 
GH-sufficient and GH-deficient groups. The mean CAN 1 score 
was 0.16 + 1.03 for the GH-sufficient group and - 1.21 + 0.73 
for the GH-deficient group. With CANl = 0.034 chosen as a 
boundary providing 100% sensitivity, 58% (6811 17) of the GH- 
sufficient children for whom a score can be calculated had a 
CAN 1 above this value and would not have required provocative 
GH testing to exclude the diagnosis of GH deficiency. All 15 
GH-deficient children for whom a score can be calculated had a 
CANl value 50.03385. A score could not be calculated for two 
of eight children missing complete diagnostic data sets, four of 
19 (2 1 %) of the GH-deficient group, and 36 of 153 (21.4%) of 
the GH-sufficient group. The CANl predictive value is presented 
only as an indicator of the relative values of individual variables 
in this particular study, and is not intended to be used as a 
universal diagnostic measure. Therefore, error limits for CAN1, 
which would depend on the boundary selected, are not presented. 

Excluding the 23 cases that would have passed the GH screen- 
ing procedure without stimulation (i.e. baseline GH r 7 ng/mL), 
11 3 cases went on to a final diagnosis of GH sufficient, and 92 
of these had data that allowed calculation of CAN1. Of these, 56 
(6 1 %) had CAN 1 above 0.034 and 36 (39%) were below 0.034. 

It should be noted that of the four independent variables, only 
IGF-I z score ( p  = 0.004) differed significantly between groups; 
whereas BMI ( p  = 0.14), CA ( p  = 0.15), and BA z score ( p  = 
0.20) did not. However, the constructed variable, CANl, suggests 
that the diagnosis of GH deficiency is more likely for younger 
children with a higher BMI, low IGF-I for age, and a greater 
degree BA delay. 

Sex differences. The 2: 1 male to female ratio in the study 
population raises the possibility that there may be a bias toward 
evaluating less severely growth-retarded boys. We compared the 
male and female groups overall and by final diagnosis (GH 
sufficient or deficient). Variables chosen were those found to be 

GHD GHM GHS 

2.551 
I n -  

A 

Fig. 3. Calculated predictive variable versus final diagnosis. Calcu- 
lated values for the predictive variable, CANl, means, and SD are 
depicted according the final diagnosis. The dotted line is drawn through 
CAN 1 = 0.034. See text for further explanation. Abbreviations and figure 
symbols see Figure 2. 

predictive for GH deficiency (see previous section), including 
CA, ht z score, IGF-I z score, BA z score, and BMI. As shown 
in Table 2, the girls as a group tended to be evaluated at a greater 
degree of ht deficit. After assignment into diagnostic groups, 
there were no differences between boys and girls for ht z score, 
but the BA z score was significantly lower for girls with GH 
deficiency. 

The eight children missing complete diagnostic data sets were 
all boys. Analysis of variance for the five variables examined 
showed no significant differences between this group and the 
GH-sufficient or GH-deficient male groups (data not shown). 

Other correlates. We examined other factors that might influ- 
ence either the GH test response or IGF-I levels in the GH 
sufficient (peak GH r 7 ng/mL) population. For these correla- 
tions, the incomplete and GH deficient data sets were deleted. 
As expected, CA showed a strong positive correlation with IGF- 
I levels (r = 0.66, p = 0.0001, n = 133) within the CA range 
studied. 

As shown in Table 3, the screening test baseline GH level 
varied negatively with age (r = -0.30, p = 0.0003, n = 136), 
BMI (r = -0.26, p = 0.0026, n = 13 I), and ht z score ( r  = -0.25, 
p = 0.004, n = 136). Peak GH levels on either the screening 
procedure or the second procedure did not correlate with age, 
BMI, or ht z score. Peak GH levels on the second procedure 
correlated negatively with BA z score (r = -0.45, p = 0.003, n = 
42), whereas peak GH level for the screening procedure did not 
(r = -0.1 1, p = 0.22, n = 132). BA z score also showed a negative 
correlation with CA (r  = -0.20, p = 0.002, n = 143). 

IGF-I z scores correlated weakly with the peak GH level on 
screening test (r = 0.21, p = 0.02, n = 123) and negatively with 
BA z score ( r  = -0.18, p = 0.05, n = 125); but not with the 
baseline GH levels (r = 0.14, p = 0.13, n = 12 l), second-test GH 
peak (r = -0.06, p = 0.74, n = 36), or BMI (r = 0.13, p = 0.15, 
n = 125). 

Cortisol levels were examined for those patients who under- 
went an insulin-infusion test. Neither the cortisol nor the GH 
peak levels correlated with the level of the glucose nadir. How- 
ever, maximal cortisol levels did show a negative correlation with 
chronologic age (r = -0.48, p = 0.004, n = 35) and positive 
correlations with peak GH level during the second GH-test 
procedure ( r  = 0.37, p = 0.03, n = 35). There were no relation- 
ships between the cortisol peak and IGF-I z score, BA z score, or 
BMI. 

DISCUSSION 

The diagnosis of GH deficiency is a controversial area in 
pediatric endocrinology. By convention, failure to achieve a 
"normal" GH level in response to two known stimuli of GH 
secretion defines classical GH deficiency (5). The normal/abnor- 
ma1 GH response boundary is somewhat arbitrary, generally 
ranging between 5 and 10 hg/L; and is complicated by variability 
in GH levels as measured by different GH assay techniques (19, 
20), possible false-low responses in prepuberty (2 1,22) [although 
discrepant results have been reported (23)], and apparently nor- 
mal GH responses in a large percentage of individuals previously 
diagnosed as GH deficient (24). In addition, correlations between 
pharmacologically provoked GH levels and measures of physio- 
logic secretion (e.g. continuous sampling) have been variable 
(25-28). Despite these problems, however, provocative testing of 
GH secretion is generally regarded as the standard for diagnosis 
of "classical" GH deficiency. 

Using this criterion, with peak GH level <7 pg/L as the 
diagnostic boundary, we analyzed our clinical experience over a 
4-y period to determine whether particular clinical and biochem- 
ical indicators may predict those children who are most likely to 
fail provocative GH testing. Nineteen of 180 children screened 
over this 4-y period were thus diagnosed as GH deficient, 13 on 
the basis of three provocative tests (screening test + arginine + 
insulin) and six on the basis of two tests (arginine + insulin). We 
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Table 2. Com~arisons bv sex* 

Group Variable Male Female P 

All patients n 
CA (Y) 
ht z score 
BA z score 
IGF-I z score 
BMI 

GH deficient nltotal 
CA (Y) 
ht z score 
BA z score 
IGF-I z score 
BMI 

GH sufficient nltotal 
CA (Y) 
HT z score 
BA z score 
IGF-I z score 
BMI 

* Male and female subjects were separated and compared for the six variables indicated, for the group as a whole and according to final diagnosis. 
Note that eight males failed the outpatient screening test but were lost to follow-up, and are not included in these tables. The girls had a significantly 
lower ht z score for the group as a whole, and a lower BA z score in the GH-deficient subgroup. A p < 0.05 was considered significant. Numbers in 
parentheses indicate the number of cases for which data were available. NS, not significant. 

Table 3. Cross-correlations with GH levels* 
GH level CA ht-z BA-z IGFI-z BMI 

Screening test 
Baseline r -0.30 

p 0.0003 
n 136 

Peak v 0.06 
P NS 
n 139 

Arginine-insulin test 
Peak r -0.14 

P NS 
n 45 

* Baseline and peak screening-test, and peak second-test GH levels are 
cross-correlated with the five variables indicated for the GH-sufficient 
group only. The correlation coefficient (r), p value, and number of cases 
(n) are shown for each correlation. Numbers in parentheses indicate the 
number of cases for which data was available. See text for further 
discussion. NS, not significant. 

then approached the issue of whether provocative GH-testing 
could have been avoided from a practical standpoint using 
variables which are generally available during a routine clinical 
evaluation. 

Growth parameters were of limited diagnostic use. Although 
12 of 14 children with ht z score above -1.65 (5th centile) were 
found to be GH sufficient, the clinical significance of this is 
uncertain. Many children with acquired GH deficiency (e.g. due 
to surgery or irradiation) may initially have a ht >5th centile, 
although they are often not evaluated for GH sufficiency until 
their ht falls below the 5th centile. The two GH-deficient children 
in our series with ht z score > -1.65 had received cranial 
irradiation. 

The fact that only a limited proportion of our subjects had 
accurate growth data that would permit determination of pre- 
testing growth velocity is not surprising from a practical stand- 
point. Many of the children received GH testing within 3 mo 
after initial referral. Before evaluation, most of the children had 

been followed only intermittently elsewhere, with growth meas- 
urements that are not directly comparable with our own. At least 
10 mo of growth data are recommended for calculation of growth 
velocity (29). It has been our clinical impression that growth 
velocities are highly variable for individual short children, and 
this is supported in the literature (30-34). Furthermore, although 
growth velocity has been advocated as an indicator of GH status, 
we found that statural growth velocity was <5th centile for age 
for only four of 10 children recently diagnosed with GH defi- 
ciency (Lee PDK, unpublished data). Therefore, although sta- 
tural growth velocity is undoubtedly decreased in GH-deficient 
children (35), the availability and utility of this observation in 
an individual patient may be limited. 

The degree of BA delay, as measured by BA z score, tended to 
be greater for the GH-deficient group, but this did not attain 
clinical significance. This is probably due to the large population 
of children with "constitutional delay" who, by definition, have 
delayed skeletal maturation (36). 

IGF-I levels have been advocated as a screening procedure for 
GH deficiency on the basis of studies showing decreased levels 
of IGF-I in GH-deficient individuals (10, 13, 14). However, the 
diagnostic utility of this observation is uncertain. Using a com- 
mercial assay, Reiter and Lovinger (37) found low IGF-I levels 
in seven of 25 (28%) GH-sufficient short children and 12 of 16 
(75%) GH-deficient children. Moore et al. (38) obtained IGF-I 
levels for 143 short children, and performed GH testing only for 
the 78 who had an IGF-I level <0.5 U/mL. Of this group, nine 
were found to be GH deficient. GH levels were not measured for 
the 65 children with IGF-I levels >0.5 U/mL, therefore the 
diagnostic sensitivity and specificity of IGF-I levels could not be 
calculated. Furthermore, both of these studies relied on an assay 
that does not incorporate a procedure for removal of endogenous 
IGF-binding proteins that may interfere with the IGF-I assay 
(15, 39, 40). 

IGF-I levels were found to be low for 13 GH-deficient patients 
reported from Brazil as compared to nine short GH-sufficient 
children (4 1). Rayner et al. (42) studied IGF-I levels for 32 GH- 
deficient and 27 GH-sufficient short children and found that 
IGF-I levels were low for 62.5% of the GH-deficient children. 
The sensitivity was higher for children with BA < 8 y (89%), and 
lower for the 14 children with BA > 8 y (29%). This was 
confirmed in our group using a BA boundary of 7 y. However, 
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the predictive value of this observation in a given clinical situa- 
tion is limited. 

In a previous study of 68 GH-deficient children, we reported 
that 82% had an IGF-I level below the 95th centile confidence 
limit constructed from 197 children with ht between the 5th and 
95th centile for age (43). However, 32% of the 44 GH-sufficient 
children with ht < 5th centile also had a low IGF-I level, resulting 
in poor discrimination between populations. IGF-I levels for this 
previous study were measured after acidification and column- 
chromatography of the samples for removal of IGF-binding 
proteins. 

In our report, we found that age-adjusted levels of IGF-I 
measured using a commercial assay, with removal of endogenous 
IGF-binding protein by acidlethano1 treatment, may have diag- 
nostic value for G H  deficiency. However, 100% sensitivity is not 
achieved even with use of a I SD normal range, whereas speci- 
ficity at this level is extremely poor. The best discrimination is 
found if the absolute age-related norms provided by the labora- 
tory are used, although three of 16 cases of GH-deficiency (1 9%) 
would still have been missed if IGF-I levels alone had been used 
as a screening test. 

Discriminant analysis resulted in a unique linear combination 
of variables that would have allowed GH-deficiency to be ex- 
cluded without provocative testing for 58% of the GH-sufficient 
population, whereas allowing eventual diagnosis of all cases of 
G H  deficiency. Of the variables included, IGF-I levels were the 
best single predictor of eventual outcome for provocative G H  
testing; and the sensitivity and specificity of the IGF-I level may 
be increased by consideration of other easily obtained clinical 
data. However, although the constructed predictive variable is 
indicative of the relative value of individual clinical measures, 
the precise formula should not be generalized to other clinic 
populations, especially if a different method for IGF-I determi- 
nation is used. 

The 2: 1 male to female ratio in our clinic population evaluated 
for G H  deficiency is typical of the referral patterns reported by 
others (35, 44). This ratio raised a concern that girls with G H  
deficiency may be underdiagnosed, or that the evaluation of girls 
for GH deficiency may be delayed. Although we did detect a 
tendency in the group as a whole for girls to have a greater deficit 
in ht at the time of G H  testing, these differences were not 
significant when the population was grouped according to G H  
sufficiency. For the GH-deficient subgroup, girls tended to be 
evaluated at a greater degree of BA delay. Therefore, the evalu- 
ation of girls for G H  deficiency may be delayed relative to boys, 
but there is no evidence that this compromises our ability to 
diagnose G H  deficiency in girls. 

We also examined the GH-sufficient population to determine 
the factors that may influence the degree of G H  response on 
provocative testing. The negative correlation of basal fasting G H  
with age may be related to the previously reported prepubertal 
decrease in G H  secretion in short children (21, 22, 45, 46); 
although the peak G H  responses did not show this correlation. 
The negative correlation of second-test peak G H  levels with the 
degree of bone age delay may also be related to this factor. We 
found no correlation of IGF-I z scores and basal G H  levels, 
which is not surprising given the pulsatile nature of G H  secretion; 
although IGF-I z scores did vary with peak screening test G H  
levels. The decline of peak cortisol levels with age has not been 
previously reported and may deserve further investigation. Over- 
all, when considered from a clinical standpoint, no particular 
variable was useful in predicting the actual degree of G H  response 
on provocative testing. 

IGF-I levels are commonly obtained during routine evaluation 
of children with growth retardation, although data relating to the 
clinical interpretation of IGF-I levels is limited. Our data, derived 
from a routine pediatric endocrinology clinic, indicate that IGF- 
I levels may have clinical use in predicting response to provoca- 
tive G H  testing, particularly if considered concurrently with other 
clinical variables. In this sense, IGF-I levels may help to guide 

the evaluation of an individual short child. Although application 
of our constructed predictive variable is limited to our specific 
study population, our findings provide a unique perspective on 
the utility of IGF-I assays and provide direction for further study. 
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