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Insulin-Like Growth Factor-I and Its Binding Protein-3 in Serum:
Are They Good Screening Properties for the Diagnosis of Growth
Hormone Deficiency?1)
Andreas Koch and Helmut-Günther Dörr
Abteilung für Pädiatrische Endokrinologie, Klinik für Kinder und Jugendliche der Friedrich-Alexander-Universität
Erlangeii-Nürnberg, Erlangen, Germany

Summary: Serum insulin-like growth factor-I and insulin-like growth factor binding protein-3 are simply-determined screening analytes if growth hormone deficiency is suspected. The analysis of growth hormone secretion
using standardised stimulation tests and secretion profiles is complicated and expensive in comparison. In retrospect,
we have examined the value of insulin-like growth factor-I and its binding protein-3 for the diagnostic clarification
of patients with short stature (n = 117). In 39/117 patients growth hormone secretion was investigated as ward
patients. Growth hormone deficiency was diagnosed in 10 patients, for 16 patients the diagnosis was neurosecretory
dysfunction. For all patients (n = 7) with lowered insulin-like growth factor binding protein-3 and insulin-like
growth factor-I values (insulin-like growth factor binding protein-3 < 5th percentile, insulin-like growth factor-I
< 10th percentile) a growth hormone disorder was proven. Conversely, however, only 3/10 patients with classical
growth hormone deficiency (n = 3) showed a lowering of both analytes. 8/10 patients with classical growth hormone deficiency and 8/16 patients with neurosecretory dysfunction had at least one lowered value. Two patients
showed normal values for insulin-like growth factor-I and insulin-like growth factor binding protein-3 despite
biochemically proven growth hormone deficiency. The combined determination of insulin-like growth factor-I and
insulin-like growth factor binding protein-3 can provide valuable help during preliminary diagnosis of patients of
short stature, indicating a disturbance of the growth hormone secretion if the values are lowered. Normal values do
not, however, exclude the possibility of a growth hormone deficiency. Inpatient endocrinological testing is indispensible if growth hormone deficiency is suspected.
Introduction
Growth hormone deficiency as the cause of short stature
is relatively rare compared to normal variant short stature, such as familial short stature or constitutional delay
of growth and puberty. Investigations of the hypothalamic-pituitary growth hormone axis are difficult and expensive in time and money.
Simple and reliable screening tests of growth hormone
secretion are desirable for diagnosis of growth hormone
deficiency. Insulin-like growth factor-I and its most important binding protein in serum, insulin-like growth
factor binding protein-3 are possible candidates (1,2).
Insulin-like growth factor-I is a polypeptide consisting
of 70 amino acids, with a relative molecular mass of
Mr = 7649 (3). The serum concentration of insulin-like
growth factor-I is primarily determined by the amount
of growth hormone produced (4, 5); in addition, the liver
as main site of synthesis of insulin-like growth factor-I
(6, 7), and nutrition (8, 9, 10) plays an important role.
') Parts of this publication were presented at the 90. Anniversary
of the German Society of Pediatrics in Hannover 1994.

The concentrations of insulin-like growth factor-I in serum are dependent on gender and age, or sexual development (11). Insulin-like growth factor-I shows only
slight daily variations (12) due to the almost complete
binding to carrier proteins, and has an effective half-life
of about 12-18 hours (5, 13, 14).
Insulin-like growth factor binding protein-3 is the most
important binding protein for insulin-like growth factorI in serum (15, 16). It shares the most important characteristics with insulin-like growth factor-I: Regulation by
growth hormone (17), important role of liver physiology
and nutrition (18, 19). Concentrations in serum are affected by kidney function (20) and are age-dependent
(21, 22), daily variations are practically absent (13, 23).
Therefore, both analytes fulfil important preconditions:
1. The production is directly dependent on growth hormone (4, 17, 22, 24).
2. The determination is independent of the time of day
due to the long metabolic half-life (insulin-like growth
factor binding protein-3: range of days (13, 22, 23); insulin-like growth factor-I: almost a day (7, 9, 10)), and
negligible circadian fluctuations (22, 23, 25).
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3. Commercial tests are available.
We have examined retrospectively the value of serum
insulin-like growth factor-I and insulin-like growth
factor binding protein-3 determinations in the diagnosis
of growth hormone deficiency.
Patients and Methods
Insulin-like growth factor-I and its binding protein-3 were determined for 117 patients with short stature (standing height ^ 3rd
percentile according to Swiss standards (26)) at the first visit in
our outpatient clinic (from February 1993 —September 1994). In
retrospect, the initial insulin-like growth factor-I and insulin-like
growth factor binding protein-3 values were compared with the
later diagnoses, in order to ascertain the applicability of these analytes for the diagnosis of growth hormone deficiency in these patients.
Growth hormone secretion was evaluated in 39/117 patients (31
males, 8 females, growth rate < 10th percentile according to Swiss
standards (26)) using 2 pharmacological stimulation tests and an
overnight secretion profile. None of the 39 patients had concomitant chronic diseases, karyotype was normal in all girls. The age
of the children at first examination was between 3.6 and 14.3 years,
the weight for height index (calculated on normal values according
to Swiss standards (26)) was between 87% and 118% (min.max.). Bone age was retarded in all patients with growth hormone
deficiency and neurosecretory dysfunction (1.9 ± 1.3 years, mean
± standard deviation). Growth hormone therapy was started with
a dose of 0.5 lU/kg body weight/week (daily s. c. injections) in
all patients with growth hormone deficiency and neurosecretory
dysfunction. Mean height velocity increased significantly in the
first year of growth hormone therapy from 2.6 ± 0.9 cm/year (pretreatment) to 8.8 ± 1.6 cm/year in the patients with growth hormone deficiency and from 3.9 ± 1.1 cm/year to 7.7 ± 1.4 cm/year
in the patients with neurosecretory dysfunction.
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Positive predictive value (= probability of disease for a patient
with a pathological test result): correct positive test/total of positive tests.
Negative predictive value (= probability of exclusion of disease
for a patient with a normal test result): correct negative test/total
of negative tests.

Results
In 78/117 patients, normal variant short stature was
diagnosed due to clinical and auxological data. Growth
hormone secretion was not tested in these patients. Insulin-like growth factor-I and insulin-like growth factor
binding protein-3 concentrations were either both normal (n = 47/78), or one value was decreased (n = 31/
78): low insulin-like growth factor-I in 17/31 patients,
low insulin-like growth factor binding protein-3 in 14/
31 patients. Over a follow-up period of two years, there
was no doubt about the diagnosis of normal variant
short stature.
In 39/117 patients, growth hormone deficiency was suspected due to clinical data and growth hormone secretion was tested. The investigations showed growth hormone deficiency in 10 patients, neurosecretory dysfunction in 16 patients, and normal variant short stature in
13 patients. Insulin-like growth factor-I and insulin-like
growth factor binding protein-3 values of the 39 patients
are shown in figures 1—3.
Patients with growth hormone deficiency

Two growth hormone stimulation tests were performed (insulininduced hypoglycaemia and/or arginine test and/or clonidine test)
according to standard methods (27). The interval of time between
blood sampling for serum insulin-like growth factor-I/insulin-like
growth factor binding protein-3 and growth hormone standard stimulation tests was 2 — 8 months. Growth hormone deficiency was
diagnosed if no peak growth hormone level > 10 μg/l could be
measured in either test. Growth hormone secretion profile: blood
samples were taken every 20 min (from 8 p. m. to 6 a. m.) using
an indwelling venous catheter. The evaluation was carried out
using the Pulsar programme of Merriam and W chter (28). Reference values of our laboratory: area above baseline 120 ± 22.6 μg/l
(mean ± standard deviation), mean growth hormone concentration
> 3 μ§/1. The diagnosis neurosecretory dysfunction was made if
the growth hormone profile was pathological and growth hormone
increased > 10 μg/l in at least one of the stimulation tests.

Three of the 10 patients had pathologically low values
for both insulin-like growth factor-I and insulin-like
growth factor binding protein-3. For 5 patients, one low
value and one normal value was measured. Two of the

Insulin-like growth factor-I was determined after acid-alcohol extraction using a commercial radioimmunoassay (Serono, Freiburg,
Germany). The insulin-like growth factor-I level was defined to be
low if the value was less than the lower standard value (= < 10
percentile). Table 1 shows the standard values given by the manufacturer.

9-12
12-17

Insulin-like growth factor binding protein-3 was determined using
a commercial radioimmunoassay (Mediagnost, T bingen, Germany). Insulin-like growth factor binding protein-3 levels less than
the 5th percentile were defined to be low. Table 2 shows the reference values (5th—95th percentile).
Definitions
Sensitivity: correct positive test/number of patients affected.
Specificity: correct negative test/number of patients non-affected.

Tab. 1 Reference values of insulin-like growth factor-I (given by
the manufacturer).
Age (years)

3-6
6-9

Insulin-like growth factor-I
Girls

Boys

36-168
96-264
120-480
240-969

24-144
72-192
72-240
144-672

Tab. 2 Reference values of insulin-like growth factor binding
protein-3 (13).
Age (years)

Insulin-like growth factor binding
protein-3 (mg/1)

3-5
5-7
7-9
9-11
11-13
13-15

1.52-3.32
1.66-3.59
1.82-3.80
2.12-4.26
2.22-4.89
2.31-5.24
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10 patients had normal values for both insulin-like
growth factor binding protein-3 (summary of clinical
data see tab. 3). In all, insulin-like growth factor-I was
low for 6/10 patients, insulin-like growth factor binding
protein-3 was low for 5/10 patients.
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Fig. 1 Insulin-like growth factor-I values of 31 male/39 patients
having growth hormone deficiency (·), neurosecretory dysfunction
(D) and normal variant short stature (·). The line represents the
10th percentile for normal children.
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Fig. 2 Insulin-like growth factor-I values of 8 female/39 patients
having growth hormone deficiency (·), neurosecretory dysfunction
(D) and normal variant short stature (·). The line represents the
10th percentile for normal children.
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Four of the 16 patients had low values for both insulinlike growth factor-I and insulin-like growth factor binding protein-3. For 4 of the 16 patients, one low value
and one normal value was measured. Half of the patients
had normal values for both insulin-like growth factor-I
and insulin-like growth factor binding protein-3. In all,
7/16 patients had lowered values for insulin-like growth
factor-I and 5/16 lowered values for insulin-like growth
factor binding protein-3.
Patients with normal variant short stature
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Patients with neurosecretory dysfunction

None of the 13 patients showed pathological values for
both insulin-like growth factor-I and insulin-like growth
factor binding protein-3. Five of 13 patients however,
had one normal and one low value (insulin-like growth
factor-I in 4/13 patients, insulin-like growth factor binding protein-3 in 1/13 patients).
According to these data (summary see tab. 4), insulinlike growth factor-I has a sensitivity (specificity) of 60%
(62.1%) as a screening analyte for growth hormone deficiency, or of 50% (69.2%) for a disturbed growth hormone secretion (growth hormone deficiency or neurosecretory dysfunction). The positive predictive value of
insulin-like growth factor-I for a disturbed growth hormone secretion is 76.5%, the negative predictive value
is 40.9%. For insulin-like growth factor binding protein3 we found a sensitivity (specificity) of 50% (79.3%)
for growth hormone deficiency, or 38.5% (32.3%) for a
disturbed growth hormone secretion. The positive predictive value of insulin-like growth factor binding protein-3 for a disturbed growth hormone secretion is
90.9%; the negative predictive value is 42.9%.
The combination of insulin-like growth factor-I and insulin-like growth factor binding protein-3 has a sensitivity (specificity) of 30% (86.2%) for growth hormone
deficiency and 26.9% (100%) for a disturbed growth
hormone secretion. The positive predictive value of insulin-like growth factor-I and insulin-like growth factor
binding protein-3 for a disturbed growth hormone secretion is 100%, the negative predictive value is 40.6%.
If only one analyte is used, the sensitivity (specificity) is
80% (55.2%) for growth hormone deficiency, and 61.5%
(61.5%) for a disturbed growth hormone secretion. The
positive predictive value for disturbed growth hormone
secretion is 76.2%, the negative predictive value 44.4%
(summary see tab. 5).
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Fig. 3 Insulin-like growth factor binding protein-3 values of 39
patients having growth hormone deficiency (·), neurosecretory
dysfunction (D) and normal variant short stature (·). The lines
represent the 5th, 50th and 95th percentiles for normal children.

Discussion
There is no doubt that the basis for the growth hormone
deficiency diagnosis is auxology. However, in addition
to careful clinical evaluation, simple and reliable labora-
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tory screening tests of growth hormone secretion are desirable. Insulin-like growth factor-I and insulin-like
growth factor binding protein-3 are suggested to be candidates for such screening analytes (1,2).
Patients with growth hormone deficiency had, on
average, significantly lower insulin-like growth factor-I
values in serum than healthy controls (4, 11, 12, 29, 30,
31). Serum insulin-like growth factor-I concentrations
increase after growth hormone therapy (32, 33). However, the use of serum insulin-like growth factor-I values
as a diagnostic test for growth hormone deficiency is
limited by several factors: First of all, the insulin-like
growth factor-I values for healthy children in the first 6

years of life are very low, so that a distinction between
lowered and still normal values is not possible for this
age group (1). Secondly, there is wide scatter of insulinlike growth factor-I values for healthy controls of the
same age, due to genetic influences (34), so that the
separation between normal and pathological is not
straightforward (1). There have been suggestions in the
literature of anything between the 10th and O.lst percentile for the "cut-off' between normal and pathologic insulin-like growth factor-I concentrations (11, 35, 36).
Because of the almost complete binding of insulin-like
growth factor-I to carrier proteins, it is necessary to pretreat the sera (e. g. acid-alcohol extraction) to separate

Tab. 3 Clinical data of two patients with classic growth hormone deficiency and normal insulin-like
growth factor-I/insulin-like growth factor binding protein-3 concentrations.
Patient
(initials)

Sex

Chron.

Bone

age

age

(years)

(years)

Height Height
(cm)
(standard
deviation
score)

Weight
(kg)

Insulin-like
growth
factor-I
(μ§/1)

Insulin-like
growth
factor
binding
protein-3
(mg/1)

Growth
hormone peak
(μ§Ί)
arginine test/
insulin-induced
hypoglycaemia

Diagnosis

KM

<?

11.0

9.5

136

-1.43

40.4

106

3.1

5.4/3.2

Craniopharyngioma

SS

?

11.6

10.5

128

-2.96

26.8

136

3.8

5.3/6.1

[diopathic growth
hormone
deficiency

Tab. 4 Retrospective correlation of insulin-like growth factor-I and insulin-like growth factor binding
protein-3 values measured initially, and later diagnosis.
Decreased

Growth hormone
deficiency (n = 10)

Neurosecretory
dysfunction (n = 16)

Normal variant short
stature (n = 13)

Insulin-like growth factor-I

6 (60%)

7 (36%)

4(31%)

Insulin-like growth factor binding protein-3

5 (50%)

5 (31%)

1 (8%)

Insulin-like growth factor-I or insulin-like
growth factor binding protein-3

5 (50%)

4 (25%)

5 (38%)

Insulin-like growth factor-I and insulin-like
growth factor binding protein-3

3 (30%)

4 (25%)

0 (0%)

2 (20%)

(50%)

(62%)

Reference values:
Insulin-like growth factor-I and insulin-like
growth factor binding protein-3

Tab. 5 Applicability of insulin-like growth factor-I and insulin-like growth factor binding protein-3
for the diagnosis of disorders of growth hormone secretion (classic growth hormone deficiency or
neurosecretory dysfunction).

Sensitivity
Specificity
Positive predictive value
Negative predictive value

Insulin-like
growth factor-I

Insulin-like
growth factor
binding protein-3

Insulin-like
growth factor-I
and/or insulin-like
growth factor
binding protein-3

Insulin-like
growth factor-I
and insulin-like
growth factor
binding protein-3

50%

38.5%
92.3%
90.9%
42.9%

61.5%
61.5%
76.2%
44.4%

26.9%
100%
100%
40.6%

69.2%
76.5%
40.9%
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the insulin-like growth factor-I from the binding protein.
The differing methods of separation cause a marked
variability in values for the many test procedures and
preclude direct comparison of published results.
Our data show a clear overlap of insulin-like growth
factor-I values for patients with growth hormone deficiency, neurosecretory dysfunction and children with
normal growth hormone secretion. Other authors also
reported such overlap. Growth hormone deficiency patients with normal insulin-like growth factor-I concentrations (1, 11, 37, 38), as well as patients with normal
variant short stature and low insulin-like growth factorI levels (1, 11, 39, 40, 41) have been reported.
Insulin-like growth factor binding protein-3, the most
important binding protein for insulin-like growth factorI in serum (15, 16), shares the most important characteristics with insulin-like growth factor-I but has one important advantage compared to insulin-like growth
factor-I: Pre-preparation of samples is not necessary (21,
22). Since normal values for healthy children are relatively high, low values can be easily detected. The use
of insulin-like growth factor binding protein-3 therefore
compares favourably to insulin-like growth factor-I (1).
However, we found that insulin-like growth factor binding protein-3 was not better than insulin-like growth
factor-I as a marker for a disturbed growth hormone
secretion. Other authors also reported an overlap of insulin-like growth factor binding protein-3 values in children with and without growth hormone deficiency. Cianfarani et al. found normal serum insulin-like growth
factor binding protein-3 levels in 50% of their patients
with growth hormone deficiency (36).
For our patients, we found that the single determination
of either insulin-like growth factor-I or insulin-like
growth factor binding protein-3 predict a disturbed
growth hormone secretion in only 50—60% of the patients with growth hormone deficiency. The prediction
was even lower for patients with neurosecretory dysfunction. In the literature, sensitivity and specificity of
both analytes are generally judged more positively.
However, recent publications found similar results (36).
Because of the relatively small number of patients it
seems questionable to calculate exact percentages for
sensitivity and sensibility, but the data demonstrate, that
the reliability of the two analytes as diagnostic markers
of a disturbed growth hormone secretion is markedly reduced.
Growth hormone secretion is not constant (42). Insulinlike growth factor-I and its binding protein-3 were measured 2-8 months before growth hormone secretion was
evaluated. This fact may contribute to the low prediction
value of the two analytes. However, the main endogenous factors influencing the pattern of growth hormone
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secretion and the response to pharmacological stimulation tests are age and pubertal maturation (43). The
period of time between the two investigations was short
and the majority of the children were still prepubertal.
Therefore, pubertal development should not have influenced the results very much. Another exogenous factor
with influence on growth hormone secretion is psychosocial distress. However, it is difficult to define psychosocial distress. In our patients, there was no indication
of psychosocial short stature. Moreover, over a followup period of two years on growth hormone therapy, all
patients with growth hormone deficiency or neurosecretory dysfunction responded to growth hormone with a
significantly increased growth rate. Therefore, we have
no doubt about the diagnosis of disturbed growth hormone secretion in these patients.
The separation of normal and pathological values at the
5th percentile for insulin-like growth factor binding protein-3 and the 10th percentile for insulin-like growth
factor-I, respectively, is in accordance with the suggested cut-off value of other authors, but is to a certain
extent arbitrary. Growth hormone secretion in a given
population — even in a short statured subpopulation —
is continuous. This raises the general question of establishing cut-off values. Raising the cut-off value (for example, to the 10th percentile for insulin-like growth
factor binding protein-3) would increase the sensitivity
of the analyte, but the increase in sensitivity would of
course be at the cost of specificity. Conversely, a
lowering of the cut-off value (for example, to the 5th
percentile for insulin-like growth factor-I) would effect
an increase of specificity at the cost of sensitivity.
At this point, however, it must be mentioned that the
criteria for the diagnosis of growth hormone deficiency
are to a certain extent arbitrary, too. In early reports, a
peak growth hormone concentration of 5 g/l was employed to define a normal rise after pharmacological stimulation (45). Later on, the cut-off value increased to
7 g/l and then to 10 g/l (46). A subnormal response
of serum growth hormone concentration to two pharmacological stimulation tests is still the widely used
method for diagnosing growth hormone deficiency (46).
This present "gold standard", however, is questioned by
several authors (42, 46), because these non-physiological provocative tests have an increased rate of error in
the diagnosis of growth hormone deficiency (35, 44, 47,
48) and a limited reproducibility (42). The measurement
of spontaneous growth hormone secretion gives further
information but is also limited due to variability and reduced sensitivity (44, 47, 48). There is no completely
reliable test for diagnosing or excluding growth hormone deficiency (38, 42, 46). Therefore, it is often difficult to make a clear distinction between normal growth
hormone secretion and growth hormone deficiency.
However, the consequences of the diagnosis and the ex-
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pense of growth hormone therapy still require straight
laboratory diagnostic criteria in addition to a careful
auxological evaluation for diagnosing growth hormone
deficiency (42). Therefore, pharmacological stimulation
tests and spontaneous growth hormone secretion profiles
cannot be abandoned at the present time (42).

Conclusion
The combined measurement of insulin-like growth
factor-I and insulin-like growth factor binding protein-3
produced an abnormal result in 80% of growth hormone
deficiency patients and in 61% of patients with neurosecretory dysfunction. Low values for both analytes were
always associated with a disturbed growth hormone
secretion, whereas normal values did not exclude a
growth hormone deficiency. Therefore, we favour the
combined measurement of insulin-like growth factor-I
and insulin-like growth factor binding protein-3 as
screening test for patients with short stature. Despite the

Koch and Dörr: Screening for growth hormone deficiency

fact that pharmacological stimulation tests have an
increased rate of error in the diagnosis of growth hormone deficiency (35, 44, 47, 48) and their value is questioned by some authors (46), they are still important in
clinical routine.
If biochemical analytes are considered, we suggest that
the combined assessment of serum insulin-like growth
factor-I and insulin-like growth factor binding protein-3
concentrations is necessary to screen outpatient short statured children for growth hormone deficiency. Subnormal
values in both tests are highly suggestive of growth hormone deficiency. However, normal values do not exclude
growth hormone deficiency. If auxological and clinical
quantities suggest growth hormone deficiency, a careful
endocrinological investigation is necessary.
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