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Purpose: This study was made to assess the response of growth to the
growth hormone with the velocity and scores of height growth, to compare these
findings with familial short stature and to examine the correlation between the
IGF-I reaction and the dose of growth hormone, height velocity and scores.

Methods:The study group consisted of 9 patients with pituitary dwarfism who
were followed up between 1986 and 1996 periods and given growth hormone
treatment. Serum growth hormone and insuline-like growth factor-l were meas-
ured by using immunoradiometric method(IRMA-GH-DSL and IRMA-IGF-I-DSL
kits). The results were compared with 9 familial short stature and 9 healthy con-
trols.

Results:The patients with growth hormone deficiency got benefit of growth
hormone therapy, and the levels of height, height SDS, height velocity and height
velocity SDS were increased. The height SDS levels according to familial short
stature and control groups were found lower and in correspondence to this the
height losses were found high. Correlation was found between the serum IGF-I
levels and pubertal periods when the three groups (pituitary dwarfism, familial
short stature and control) were evaluated together. Correlation was not found be-
tween the basic and stimulated growth hormone levels and isochronal serum
IGF-1 levels which were recorded after quiting the therapy for one month. Rela-
tion was not recorded between the total GH dose given by higher and daily injec-
tions for 4 days and the serum IGF-I levels which were recorded on the fourth
day, too. But it was observed that these IGF-I levels increased significant de-
grees according to the basic and stimulated measure of serum IGF-I levels.

Conclusion: In this study it was shown that the values of height, height SDS,
height velocity and height velocity SDS belonging to the cases of growth hor-
mone deficiency had significantly increased and the levels of IGF-I had in-
creased as a response to the therapy. Ann Med Sci 2000;9:96-101
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The response of growth to the therapy of biosyn-
thetic growth hormone (GH) on the pituitary
dwarfs has been described since 198612345 The
dose of GH, the frequency of practice during the
week and the early start to therapy were shown
as the elements which increased the affect of
growth hormone on growthé78910 It is reported
that the fastest response to the growth hormone
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therapy was in the first year of the cure.

The levels of serum insuline like growth fac-
tor-I (IGF-I) which was found low in the defi-
ciency of growth hormone also increase by the
therapy of GH!%.12,

This study was made to value the response of
growth to the growth hormone with the velocity
and scores of height growth, to compare these
findings with familial short stature and to exam-
ine the correlation between the IGF-I reaction
and the dose of growth hormone, height velocity
and scores.
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Patients and Methods

This study was made on a total of 9 patients
with pituitary dwarfism who were followed up
between 1986 and 1996 periods and take GH
treatment, and 9 children with familial short
stature and 9 healthy children. 7 of 9 pituitary
dwarfs were boys, two were girls and all of them
were prepubertal. 7 of 9 familial short stature
were boys and two were girls, their pubertal
stage were 1-P IV, 1-P III, 3-PII, 4-PI. 7 of 9
healthly children were boys, two were girls and
their pubertal stage were 2-PIII, 1-P II, 6-PL
Bone age was estimated by Greulich-Pyle!3
method. We computed height SDS and height ve-
locity with using Tanner standards!415. Growth
hormone stimulation tests were made by insulin
and L-Dopa.

We measured serum GH and insuline-like-
growth-factor I (IGF-I) levels by using im-
munoradiometric method (IRMA-GH-DSL and
IRMA-IGF-1 DSL kits).

It was conducted with the SPSS-PC 5.01 pro-
gram. Values were shown as average + SD.
P<0.05 was considered statistically significant.
In analysing non-continuous variables chi-
square and where appropriate the Fisher-exact
tests were used. In the analysis of continuous
variables the Student T-test and Oneway-Anova
tests were used. In this comparisons where the
case number is not enough the Mann-Whitney-U
and Kruskal-Wallis tests were used.

Results

The findings at the beginning of the GH therapy
of the pituitary dwarfs group are shown Table-1.
Among these patients, 4 had idiopathic GH defi-
ciency, 2 had pituitary hypoplasia and in three,
there was GH deficiency due to organic lesion.
When mean values for calendar age, bone age,
height, height SDS, height velocity and height
velocity SDS of the pituitary dwarfs group de-
termined at the beginning of the GH therapy
was compared with familial short stature and
control group, though calendar age was in har-
mony, all values were found to be significantly
low (Table-2). The significant growth response
determined with examination of these parame-
ters after GH therapy is shown table-3-4. The
evaluation of the IGF-I response to excess GH
dosage and frequency is seen Table-5.

Discussion

In this study it was shown that the values of
height, height SDS, height velocity and height

velocity SDS belonging to the cases of growth
hormone deficiency had significantly increased
and the levels of IGF-I had increased. As a re-
sponse to the therapy, the values of height veloc-
ity such like 6.8+1.8 cm/year!s, 7.1+0.47
cm/year!, 8.1+1.9 cm/yeart, 9.22+1.07 cm/year
were given!6, It is mentioned that the height ve-
locity had decreased in the second year. Girard
and Gourmelen! established that the height ve-
locity was 6.7 cm/year in the second year in a re-
search they made on 289 patients with growth
hormone deficiency. The height velocity of our
cases are established by taking the whole time of
observation, not only the first and second years
of therapy, the mean annual height velocity had
been found 7.63+2.71 cm/year. This value is in
accord with the values in literature. In accom-
modition of our findings the values of height ve-
locity SDS had increased from negative (-
3.19+1.76) to positive (3.6+5.23) values. Positive
correlation®1718 is shown between the response
of growth in the first and second years of growth
hormone therapy and the dose of growth hor-
mone and the frequency of application during
the week. In our cases the growth hormone was
given as 13.33+4.47 units/week (approximately
12 unite/m?) total dose 2-4 injection, there was
no correlation found between this GH dose and
height velocity SDS values. On the contrary that
it showed an important increase the height SDS
value of the patients stayed in negative values (-
3.44+1.26) (Table 4). This result show us that
our cases have lost height and they will not
reach their own height standards. In literature it
is reported in the studies on this subject that the
loss in height will not be regained with the
growth hormone therapy , the new height losses
will be prevented and they will be able to reach
to the height expected by the growth potential
foreseen at the beginning of the therapy whereas
the normal standards will not be provided®10.
For this reason it’s mentioned that therapy
should be started before height loss occured. The
avarage age of our patients when they started
the therapy was 11.70+4.01.

In order to evaluate the affect of growth hor-
mone therapy better, the height SDS, height ve-
locity and height velocity SDS values of our pa-
tients were compared with the height SDS,
height velocity and height velocity SDS values of
children with familial short stature. The calen-
dar age avarege of pituitary dwarf groups at the
beginning of the therapy was in accord with the
familial short stature. The bone age, height,

height SDS, height velocity and height velocity
SDS values (according to the calendar and bone
age) were highly lower than the familial short
stature group (in order p<0.01, p<0.001, p<0.005,
p=0.009, p=0.005, p<0.015). After GH treatment
the final findings of these parameters of the pa-
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tients were in accord with the findings of famil-
ial short stature group except height SDS values
(Table 2,3). There was a significant difference
(p=0.0003) between the highest growth hormone
responses to the GHST applied with insuline.

The pituitary dwarfs’ serum IGF-I values
measured in the final controls of growth hor-
mone therapy process were found significantly
lower than the values of familial short stature
and control group ( p=0.003 and p=0.002). It is
reported in different studies that there’s correla-
tion between serum IGF-I values and calendar
age, bone age, gender and pubertal stage!920, On
the contrary that the calendar ages of the pa-
tients were statistically unimportant than the
familial short stature group, and significantly
higher than the control group (p=0.05), according
to the bone age, gender and pubertal stage, these
three groups were in accord with each other
(Table-3). Because of this reason it was possible
to compare the serum IGF-I values in three
groups. When all of the cases (pituitary dwarf,
familial short stature and control) were evalu-
ated together, correlation was found between se-
rum IGF-I values and pubertal stages.

In many studies it is shown that the maxi-
mum level of serum IGF-I in human life is
reached during puberty21.22923, The serum IGF-I
values of familial short stature group and control
group are close to pubertal values and there is
not a significant difference found between them
(Table-3). However, IGF-I levels in the patient
group receiving GH therapy were found to be
close to the prepubertal bottom level. And corre-
lation was not found between the height SDS
and height velocity SDS and serum IGF-I values
of our patients. In the literature the correlation
between the response to the growth hormone
therapy and the serum IGF-I levels was
searched and the contraditory results were re-
ported. In normal children and growth hormone
deficiency significant correlation was shown be-
tween the height velocity and IGF-I correla-
tion2425, Rosenfeld et al26 had reported that there
is no correlation between serum IGF-I level and
height velocity, autocrine and paracrine affects
and local intracellular and local interstitial IGF-
I concentration is the affective element on
growth. Although Costin et al?2 found correlation
between serum IGF-I levels and height velocity
of pubertal stage short children they could not
show it on prepubertal children. Hindmarsh et
al.27 could not find either a correlation between
the serum IGF-I levels or height velocity of short
prepubertal children.

Serum IGF-I levels are known to reflect the
GH dependent and changes in GH level. Costin
et al.22 found positive correlation between 24
hours average GH concentration and serum IGF-
I levels of short children. Sanayama et al28 found
positive relation between the spontaneous GH
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concentration and plasma IGF-I levels of short
children. Correlation was not found between the
spontaneus GH levels and isochronal measures
of serum IGF-I levels of our patients. Albertson
et all! found the serum IGF-I levels of short
cases with low 24 hours spontaneous GH secre-
tion was normal. It was shown that the serum
IGF-I concentration in growth hormone defi-
ciency can be found % 7.8 by Ranke et al2? and %
15.8 rate by Dean et al!2. D’Ercole3 reported
that serum IGF-I levels are controlled by numer-
ous factors.

In growth hormone deficiency a significant
correlation was shown between the highest lev-
els of growth hormone measured by the provoca-
tive tests and isochronal measure of serum IGF-1
levels?4, Correlation was not found between the
highest concentration of growth hormone of our
patients measured as a response to the stimula-
tion test with made insuline and the serum IGF-
I concentration measured during this period.

It’s reported in different researches that
there’s correlation between growth hormone dose
and the serum IGF-I levels in growth hormone
deficiency and the dose and the frequency of
growth hormone affects the serum IGF-I lev-
els't12, Correlation was not found between the
total weekly dose (13.33+4.47 u/H) of growth hor-
mone given to our patients by dividing into 2-4
equal doses and the serum IGF-I levels. After
this dose was increased to 14.22+3.52 units and
given by 4 equal doses in 4 days, the serum IGF-
I levels (144.8+102.2 ng/ml) was found signifi-
cantly higher than the basic and stimulative
measures of serum IGF-I levels (in order p=0.01,
p=0.007). Correlation was not found between
this growth hormone dose and IGF-I levels.

As a result, the patients with growth hormone
deficiency got benefit of growth hormone ther-
apy, and the levels of height, height SDS, height
velocity and height velocity SDS were increased.
The height SDS levels according to familial short
stature and control groups were found lower and
in correspondence to this the height losses were
found high, the importance and obligation of
early start to therapy was found out once more
time. Correlation was found between the serum
IGF-I levels and pubertal periods when the three
groups (pituitary dwarfs, familial short stature
and control) were evaluated together. Correla-
tion was not found between the basic and stimu-
lated GH levels and isochronal serum IGF-I lev-
els which were recorded after quiting the
therapy for one month. Relation was not re-
corded between the total GH dose given by
higher for 4 days and daily injections and the se-
rum IGF-T levels which were recorded on the
fourth day, too. But it was observed that these
serum IGF-I levels increased significant degrees
according to the basic and stimulated measure of
serum IGF-I levels.



Table 1. The findings of the patients with pituitary dwarfism at the begining of the GH therapy

CASE SEX AGE BONE HEIGHT HEIGHT HEIGHT HEIGHT Follow up time GHST peak RADIOGRAPHY Diagnosed Treatment
(year) AGE (cm) SDS  VELOCITY VELOCITY (year) GHng/ml
(year) (cm/year) SDS
Calendar BoneAge Insiilin L-Dopa CT MRI
Age
MT E 13.00  4.50 125.0 -4.15 3.42 -3.13 -3.83 3.92 1.2 - N Pituitary Pituitary ~ Na-L-Thyroxine
Hypoplasia Hypopla- GH
sia Cortisone
Testosteron
SG E 17.25  11.00 132.7 -6.25 3.07 -5.16 -2.76 6.09 1.9 1.54 N IGHD Na-L-Thyroxine
GH
0OA E 9.08 4.00 100.4 -5.21 2.80 -3.41 -2.53 1.75 1.31 - N N IGHD Na-L-Thyroxine
(familia) GH
Testosteron(3d)
RG E 17.50  13.00 127.5 -7.05 1.94 -2.52 -5.73 3.09 1.4 - N IGHD Na-L-Thyroxine
GH
Testosteron
HE E 10.50 5.66 120.0 -2.99 4.00 -1.57 -2.27 1.50 0.1 1 N Pituitary Pituitary  Na-L-Thyroxine
Hypoplasia Hypopla- GH
s1a Cortisone
Testosteron
ci K 5.66 3.00 100.6 -1.96 1.56 4.75 -4.78 1.66 4.4 - N Pituitary Langer- Kemotherapy
Mass hans Radiotherapy
Hl;tlosr Desmopressin
tosis R
Na-L-Thyroxine
GHD
GH
SB E 1141 3.25 114.2 -4.38 0.60 -5.69 -5.46 0.33 1.05 2.12 Pituitary Pituitary ~ Operation
Microade- Adenoma DDAVP
noma
GHD Na-L-Thyroxine
Postop Su- Postop Su- GH )
prasf;llar ) prasellar Cortisone
Calcification Calcification Testosteron(3d)
TK K 7.75 3.00 101.8 -3.82 4.32 -2.01 -2.62 5.50 1.65 - Orbital Eosino- Operation
CT: Mass filic Kemotherapy
Granu- Desmopressin
loma )
Na-L-Thyroxine
GHD
GH
DZ E 13.16  4.50 116.0 -4.78 5.57 -0.43 -0.97 0.79 2.93 2.4 N IBHY 32  Na-L-Thyroxine
46,XY GH
frag13q®

Table 2. The comparision of the findings of the patients between pituitary dwarfism
short stature and control groups at the begining of GH therapy

and familial

FINDINGS PITUITARY FAMILIAL CONTROL A-B A-C B-C
DWARFISM SHORT STATURE
B
A C
AGE 11.70+4.01 13.38+2.31 11.28+1.92 p>0.05 p>0.05 p>0.05
(year) (5.66-17.50) (10.16-16.91) (9-14)
BONE AGE 5.76+3.66 11.28£2.11 10.70+1.78 p<0.01 p<0.01 p>0.05
(year) (3.00-13.00) (8.83+15.00) (8-13.5)
HEIGHT 115.35+12.19 140.16+8.84 145.11+13.67 p<0.001 p<0.001 p>0.05
(cm) (100.4-132.7) (130-161.4) (125-170)
HEIGHT SDS -4.51%1.56 -2.15+1.29 0.1841.15 p=0.005 P=0.0003 p=0.003
(-7.05/-1.96) (-5.14/-1.08) (-0.76 - -2.71)
HEIGHT VELOCITY (cm/year) 3.03+1.52 5.60+1.64 p=0.009
(0.60 — 4.32) (3.53-8.12)
HEIGHT VELOCITY SDS -3.19+1.76 0.74+2.63 p=0.005
(Calendar age) (-5.69/-0.43) (-0.23/-5.10)
HEIGHT VELOCITY -3.44+1.61 0.18+1.83 p=0.0015
(Bone age) (-5.73/-0.97) (-2.46/ -2.88)
GHST 1.77+1.24 43.29+35.76 p=0.0003
Peak GH response 0.1-4.4) (12.9-121)
(ng/ml)
FOLLOW-UP TIME 2.7442.05
(year) (0.33-6.09)
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Table 3. The comparison of the final findings of the patients between pituitary dwarfism and
familial short stature and control groups during GH therapy

FINDINGS PITUITARY DWARFISM  FAMILIAL SHORT CONTROL A-B A-C B-C

A STATURE c

B

AGE (year) 15.08+4.52 13.38+2.30 11.28+1.92 p>0.05 p=0.05 p>0.05
BONE AGE (year) 10.20+3.54 11.28+2.11 10.7+1.78 p>0.05 p>0.05 p>0.05
HEIGHT (cm) 135.62+14.42 140.16+8.84 145.11+13.67 p>0.05 p>0.05 p>0.05
HEIGHT SDS -3.44+1.26 -2.15%+1.29 0.18+1.15 p=0.03 p=0.003 p=0.003
HEIGHT VELOCITY 7.63£2.71 5.60+1.65 p>0.05
(cm/year)
HEIGHT VELOCITY 3.62+5.23 0.7442.63 p>0.05
SDS
(Calendar age)
HEIGHT VELOCITY 1.96+3.65 0.18+1.83 p>0.05
SDS
(Bone age)
SERUM IGF-T 74.5+72.4 349.9+251 299.5+294.1 p=0.003 p=0.02 p>0.05
(ng/ml) (7.1-208) (114.8-832.4) (45.5-822.6)
(During therapy )
SERUM IGF-1 144.8+102.2 349.9+2.51 299.5+294.1 p>0.05 p>0.05
(Therapy for 4 days) (36.5-386.9)

Table 4. The comparison of the height SDS, height velocity and height velocity SDS of the
patients pituitary dwarfism between at the begining and after GH therapy

FINDINGS BEGINING OF GH THERAPY AFTER GH THERAPY P
HEIGHT SDS -4.51 + 1.56 -3.44 £ 1.26 0.007
HEIGHT VELOCITY 3.031 +1.52 7.63+2.71 0.007
HEIGHT VELOCITY SDS -3.19 £ 1.76 3.62+5.23 0.01
(Calendar age)

HEIGHT VELOCITY SDS -3.44 £1.61 1.96 = 3.65 0.01
(Bone Age)

Table 5. The detection of the response of IGF-I to GH therapy in pituitary dwarfism group.

DURING NO THERAPY FOR ONE P
GH MONTH 4DAY
THERAPY
GH THERAPY
GHST
BASIC PEAK AB A-C AD B-C B-D c-D
A B C D
GH ng/ml 0.87£0.68 0.87+0.52 0.9
IGF ng/ml T4.5+72.4 30.1+27.1 24 +28.1 144.8 £102.2 0.09 0.06 0.12 0.06 0.01 0.007
GH THERAPY DOSE (U) 13.33 + 14.22 + 3.52%* 0.7
4.47%
* Total dose weekly : 2-4 injektion
** 4 days total dose: 4 injection
References
. . . . 6.  Bundak R, Hindmarsh PC, Smith PJ, Brook CGD: Long-

1. Girard F, Gourmelen M: Clinical experience with soma- term auxologic effects of human growth hormone. J Pe-
tonorm. Acta Paediatr Scand (Suppl) 1986; 325: 29-32. diatr 1988; 112: 875-890.

2. Gindz H, Saka N, Darendeliler F, Emre U, Neyzi O: 7. Brook CGD, Stanhope R: Normal puberty; Physical char-
Short-term results of recombinant growth hormon ther- acteristics and endocrinology. In Brook CGD ed., Clini-
apy in growth hormone deficient children. Acta Paediatr cal Paediatric Endocrinology, 2™ ed. Oxford: Blackwell
Scand (Supply) 1988; 343: 220. Scientific Productions, 1989; 169-188.

3. Milner RDG: Clinical experience of somatrem: UK pre- 8. Job JC, Chaussain JL, Garnier P, Rolland A, Joab N:
liminary Report, Acta Paediatr Scand (Suppl) 1986; 325: Dose-response relationship in the treatment of hypopitui-
25-28. ) o ) ) tary children with human growth hormone: a retrospec-

4. Takano K, Shizuma K: Clinical experience with soma- tive study. Acta Paediatr Scand (Suppl) 1987; 337: 93-1-
trem in Japan. Acta Paediatr Scand (Suppl) 1986; 325: 3.

19-24. 5 . 9.  Parker MW, Johanson AJ, Rogol AD, Kaiser DL, Bliz-

5. Yorda}m N, Qahkoglu AS, _Sardap E, Ak1n01 A: Clinical zard RM: Effect of testosteron on somatomedin-C con-
experience with somatrem in children with growth hor- centrations in prepubertal boys. J Clin Endocrinol Metab
mone deficiency. Acta Paediatr Scand (Suppl) 1990; 366: 1984; 58: 87-90.

130. 10. Smith PJ, Hindmarsh PC, Brook CGD: Contribution of

100

dose and frequency of administration to the therapeutic



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ozer et al. Response of Growth and IGF-I to the Growth Hormone Therapy on the Pituitary Dwarfs

effect of growth hormone. Arch Dis Child 1988; 63: 491-
494.

Albertsson-Wikland K, Hall K: Growth hormone treat-
ment in short children: Relationship between growth and
serum insulin-like growth factor I and II levels. J Clin
Endocrinol Metab. 1987; 65:671-678

Dean HJ, Kellett JG, Bala RM, Guydic HJ, et all: The ef-
fect of growth hormone treatment on somatomedin levels
in growth hormone-deficient children. J Clin Endocrinol
Metab 1982; 55: 1167-1173.

Greulich WW, Pyle SI: Radiographic atlas of skeletal de-
velopment of the hand and wrist. 2" ed. Standford:
Standford University Press, 1959.

Tanner JM, Whitehouse RH, Takaishi M: Standarts from
birth to maturity for height, weight, height velocity and
weight velocity: British Children. Part II. Arch Dis Child
1966; 41: 613-635.

Tanner JM, Whitehouse RH, Cameron N, Marshall WA,
Healy MJR, Golstein H: Effect of human growth hor-
mone treatment for 1 to 7 years on growth hormone defi-
ciency, low birth weight, inherited smallness, Turner’s
syndrome and other complaints. Arch Dis Child 1971;
46: 745-782.

Hatemi S, Ercan O, Hatemi H, Turan N: Effects of short-
term growth hormone therapy in children with growth
hormone deficiency. Cerrahpasa Tip Fak Der 1993; 24:
67-74.

Albertsson-Wikland K: The effect of human growth hor-
mone injection frequency on linear growth rate. Acta Pe-
diatr Scand (Suppl) 1987; 337: 126-129.

Ranke MB, Gulboud O: Growth response in prepubertal
children with idiopatic growth hormone deficiency dur-
ing the first year of treatment with human growt hor-
mone. Acta Paediatr Scand (Suppl) 1990; 370: 122-130.
Jull A, Bang P, Hertel NT, Main K, Dalgaard P, Jorgen-
sen K, et all: Srum insulin-like growth factor-1 in healthy
children, adolescents and adults; Relation to age, sex,
stage of puberty, testicular size and body mass index. J
Clin Endocrinol Metab 1994; 78: 744-752.

Wilson DM, Killen JD, Hyamer LD, et al: Insulin-like
growth factor-1 as a reflection of body composition, nu-
trition and puberty in sixth and seventh grade girls. J Clin
Endocrinol Metab 1991; 57: 268-271.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bala RM, Lapatka J, Leung A, McCoy E, McArthur RG:
Serum immunoreactive somatomedin levels in normal
adults, pregnant women at term, children at various ages
and children with constitutionally delayed growth. J Clin
Endocrinol Metab 1981; 52: 508-512.

Costin G, Kaufman FR: Growth hormone secretory pat-
terns in children with short stature. J Pediatr 1987; 110;
362-368.

Smith CP, Dunger DB, William AJK, et al: Relationship
between insulin, insulin-like growth factor-1 and dehy-
droepiandrosterone sulphate concentrations during child-
hood, puberty and adult life. J Clin Endocrinol Metab
1989; 68: 932-937.

Growth hormone secretion and the therapeutic effects of
human growth hormone. The First National Results of In-
ternational cooperative growth study. International Sym-
posium on Growth and Growth Disorders, Geneva, Octo-
ber 25-26, 1991. Abstract No: 42.

Rudman D, Moffitt SD, Fernhoff PM, McKenzie WJ, et
all: The relation between growth velocity and serum so-
matomedin-c concentration. J Clin Endocrinol Metab
1981; 52: 622-627.

Rosenfeld RG, Kemp SF, Hintz RL: Constacy of soma-
tomedin response to growth hormone treatment of hy-
popituitary dwarfism and lack of correlation with growth
rate. J Clin Endocrinol Metab 1981; 53: 611-617.
Hindmarsh P, Smith PJ, Brook CGD, Matthews DR: The
relationship between height velocity and growth hormone
secretion in short prepubertal children. Clin Endocrinol
(Oxf.) 1987; 27: 581-591.

Sanayama K, Noda H, Konda S, et al: Spontaneous
growth hormone secretion and plasma somatomedin-C in
children of short stature. Endocrinol Japan 1987; 34: 627-
633.

Ranke MB, Blum WF, Bierich RL: Clinical relevance of
serum measurements of insulin-like growth factors and
somatomedin binding proteins. Acta Paediatr Scand
(Suppl) 1988; 347: 114-126.

D’Ercole AJ: Somatomedins/insulin-like growth factors.
In Brook CGD. ed. Clinical Paediatric Endocrinology 2™
ed. Oxford: Black well scientific publications, 1989; 74-
95.

101



