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Growth and growth factors in diabetes mellitus
S SALARDI, S TONIOLI, P TASSONI, M TELLARINI, L MAZZANTI, AND E CACCIARI

2nd Paediatric Clinic of the University, University of Bologna, Bologna, Italy

SUMMARY Growth of 79 children with diabetes was analysed at diagnosis and again after one to
10-7 years of treatment with insulin. Both sexes were tall at onset, whereas at the last observation
boys alone showed significant growth retardation. Height standard deviation score (SDS),
however, showed no significant fall either in 32 subjects reassessed after five years of disease or in
18 subjects examined at full stature. Skeletal maturity was not significantly impaired after
treatment. Pubertal growth spurt was reduced, especially in girls and in subjects with onset of
disease at or around puberty. We found no significant correlation between height and height
velocity SDS and glycosylated haemoglobin values or secretion of growth hormone during the
arginine test. Somatomedin C values were correlated with height velocity SDS in prepubertal
boys. The results of this study suggest that there are interferences in the growth of children with
diabetes but that they do not seem to have a significant influence on adult height.

It is well recognised that growth is seriously im-
paired in cases of very poorly controlled diabetes.'
What is less certain, however, is whether diabetes
influences growth or limits adult height in children
treated conventionally in whom the disease is fairly
well controlled-that is, most cases today.
There are some discrepancies in the findings of

various authors who have published papers on this
subject. Tattersall et al found that in patients with
type 1 diabetes there was a decrease in adult height
compared with their identical non-affected twins.2
Growth delay was also observed by Jivani et a!3 and
Edelsten et al,4 while according to Birkbeck,5
Rudolf et al,6 and Jackson7 children with a fairly
high degree of metabolic control showed normal
growth rate.
The methods used in these studies vary, however,

and are questionable as regards the way in which
growth delay was calculated, the type of follow up
used, and the methods used for assessing diabetes
control.

This study reports our experience with a group of
children with diabetes followed longitudinally from
the onset of disease. In these subjects height and
height velocity were evaluated as standard deviation
scores (SDS) and control of the disease as total
glycosylated haemoglobin (HbAc).

Further, in these subjects growth rate was com-
pared with secretion of growth hormone and plasma
somatomedin C concentrations.

Patients
Seventy nine subjects (35 boys and 44 girls, with 58

prepubertal and 21 pubertal) with type 1 diabetes
mellitus, aged 0-7-14-8 years (mean (SD) 7-44
(3.56) years) were examined at the onset of disease.
These subjects were observed over a period of one
to 10-7 years (mean (SD) 4-48 (2.59) years); 32 (18
girls and 14 boys) have been followed longitudinally
for at least five years.
At the onset of disease and at each subsequent

control (three or four times a year) the following
details were evaluated in each child: height as
centile and as SDS, pubertal stage, bone age (in 66
cases), and control of the disease by HbA1c assay.
During this entire period of observation mean
(SD) HbA1c was 11-17 (1.31)% for boys and 11-96
(1*81)% for girls. We considered subjects with
HbAIc values <10% as having good control, those
with HbAIc values between 10 and 12% as having
fair control, and those with values >12% as having
poor control.

Height velocity was calculated annually as SDS.
Somatomedin C basal values were determined in 43
subjects, and 72 also had an arginine test to evaluate
growth hormone. Overall secretion of growth hor-
mone was evaluated as the integrated area of the
curve.

During the observation period, 26 subjects (nine
boys and 17 girls) entered puberty, while 18 subjects
(10 boys and eight girls) reached adult height.

Methods

Tanner's centiles8 were used in the evaluation of
height and height velocity.
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Height and height velocity SDS were calculated
Xi-Mx

according to the formula ,1 where Xi is the
Sx

actual measurement, Mx is the mean (50th centile)
of subjects of the same chronological age, and Sx is
the standard deviation corresponding to that age. In
those cases where bone age was delayed or ad-
vanced by more than one standard deviation com-
pared with chronological age SDS referred to bone
age.

Pubertal stage was evaluated according to
Tanner9 and bone age according to Greulich and
Pyle's atlas."''
HbAlc was assayed with Trivelli's method

(BIORAD Column Method)" and growth hor-
mone by radioimmunoassay. Somatomedin C was
measured by radioimmunoassay (RIA kit; Nicholas
Institute Products, San Juan Capistrano, California,
United States) in accordance with the method of
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Furlanetto et al. 12 The intra- and interassay variabilities
were 5% and 10%, respectively. The 'r' correlation
coefficient, Student's t test, paired t test, and x2 test
were used for statistical analysis of the data.

Results

Height. Figures 1 and 2 and Table 1 show the height
distribution of all the subjects, both at onset of
disease and at the last observation. From Table 1, it
is evident that at the onset of disease most of the
boys and girls were tall and that the number of boys
whose height was over the 50th centile was signifi-
cantly (p<005) greater at the onset of disease than
after treatment.
Table 2 shows the mean centiles and height SDSs

both at the onset of disease and at the last ob-
servation. Height SDS in the boys was significantly
(p<0-0025) higher at the onset of disease than after
treatment.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Age (years)

Fig. 1 Height at onset ofdisease and after treatment in 35 boys with insulin dependent diabetes mellitus.
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Fig. 2 Height at onset ofdisease and after treatmentfor 44 girls with insulin dependent diabetes mellitus.

As the period of treatment in these subjects
varied considerably we subsequently made this vari-
able uniform, taking into consideration only those
patients (32 cases, 14 boys and 18 girls) observed
during their first five years of disease. The data
referring to these subjects are reported in Table 3.
Analysis of these data (paired t test) indicated no
differences between SDS values at the onset and in
the fifth year of disease.

Table 1 Height at onset and after treatment in children
with insulin dependent diabetes mellitus

No of cases

-50th centile <50th centile

Boys (n=35):
At onset 21 14
After treatment 12* 23

Girls (n=44):
At onset 28 16
After treatment 29 15

*x2=4-64. p<0-05.

Table 2 Mean (SD) height centile value and height
standard deviation score (SDS) at onset and after treatment
in 35 boys (M) and 44 girls (F) with insulin dependent
diabetes mellitus

Sex At onset After treatment

Height centile value M 53-63(26.60) 45-48(29-45)
F 57 93(27-36) 54-72(27-79)

Height SDS M +0-46(1-32) -0.40(0 99)'
F +0-49(1-30) +0-002(1-03)

*p<0-0025 v Height SDS at onset.

Table 3 Mean (SD) height centile value and height
standard deviation score (SDS) at onset and after five
years of treatment in 14 boys (M) and 18 girls (F)
with insulin dependent diabetes mellitus

Sex At onset After five years of
treatment

Height centile value M 49-06(25-82) 31.20(24-67)
F 63-10(23-92) 57-14(25-62)

Height SDS M +0-66(1-66) -0-37(1-32)
F +0-86(1-05) +0.052(1.05)
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Examination of those subjects who reached full
stature during follow up (10 boys and eight girls)
showed that the initial mean of the SDS values was
not significantly different from the final mean for
either boys or girls (Table 4).

Skeletal maturity. The bone age mean, both at the
onset of disease and after treatment, did not differ
from the chronological age mean (Table 5).
The percentage of subjects with bone age delayed

or advanced more than one standard deviation was
not significantly different either before or after
treatment.

Height velocity. The mean velocity SDS decreased
progressively during the first years of disease only in
those subjects who were pubertal from onset.

Patients with onset at least three years before

Table 4 Mean (SD) height standard deviation score at
onset and at full stature in 18 patients with diabetes

At onset At full stature

Boys (n= 10) +O10(O-60) -0.50(0)90)
Girls (n=8) +0(11(1-64) +0-03(1-63)

Table 5 Skeletal maturity at onset and after treatment
in 30 boys (M) and 36 girls (F) with diabetes

Sex At onset After treatment

Mean (SD) chronological age M 8-05(4-04) 12-34(4-14)
(yrs) F 7-23(2-94) 11-76(3-59)

Mean (SD) hone age (yrs) M 7-75(4-68) 12(1()(4-50)
F 7-66(3-38) 12-14(3-41)

% Cases with advanced M 1()( 10(7
skeletal maturation F 16-6 187

% Cases with delayed M 2t-( 21-4
skeletal maturation F 8-4 3-1

% Cases with normal M 70(0 67-9
skeletal maturation F 75-( 78f2

and Cacciari

puberty showed a growth spurt that was slightly
lower than the mean and not delayed. This was

especially so in the girls (Fig. 3). On the contrary in
those patients with onset at or around puberty the
spurt, which had already begun, seemed to be
interrupted suddenly (Fig. 4).

Puberty. The data referring to puberty are summa-
rised in Table 6.

Metabolic control. We found no significant correla-
tion between mean HbA1c values obtained over the
entire observation period and either height SDS
score, values of the difference in the scores before
and after treatment, or velocity SDS.

If mean HbA1c values are evaluated by year of
disease a significant positive correlation (p<0.01) is

found only in the second year of disease between
HbA1c values and velocity SDS. The height and
height velocity SDS means were no different in
subjects with good, fair, or poor control.

Growth hormone and somatomedin C. Soma-
tomedin C values and secretion of growth hormone
during the arginine test did not seem to be signifi-
cantly correlated either with height SDS, velocity
SDS, or HbAlc values. Somatomedin C values
were, however, positively correlated with velocity
SDS (p<005) only in prepubertal boys.
As reported in one of our previous papers'3 it was

only in prepubertal subjects that means soma-
tomedin C values seemed to be significantly lower
than in the respective control children.

Using the 274 control subjects examined in our
previous study, 14 we subdivided our subjects accord-
ing to whether somatomedin C values were lower,
greater, or within one standard deviation of the
mean of subjects of the same sex and pubertal stage.

In boys, both pubertal and prepubertal, height

Table 6 Pubertal development in girls and boys with insulin dependent diabetes mellitus. Values are mean (SD) (range)

Bovs Girls

Onset of puberty (yrs) 11-33(1-18) (n=2() 1(0-92(1-13) (n =24)
(9-5(14) (9-13-91)

Age at menarche (yrs) 12-93(1.18) (n=2()
(1(1-25-15-16)

Full stature age (yrs) 17-73(2-1) (n=14) 16-1)(I(1.89) (n =15)
(15-16-21-83) (13-25-19 58)

Growth rate from onset of 28-1)7(6.4) (n=7) 14-91(3-93) (n =13)
puberty to full stature (cm) (2(-45-39) (886-21-64)

B,-- menarche 1(-X8(1(4-62) (n= 18)
(4-21-21*23)

Menarche-full 1 4.16(2-67) (n= 12)
stature (1-32-10-54)

Duration of puberty (yrs) 6.58(1.66) (n=7) 4-57(1 82) (n= 13)
(4-75-8-83) (2-52-6.42)
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22 and height velocity SDS were higher in subjects
whose somatomedin values were greater by one

20 standard deviation than in those subjects whose
somatomedin C values were lower or within one

18. standard deviation.

16 ~~~~~~~~~~~Discussion
E

- ~~~~~~~~~~~~Thepatients with diabetes in this study were taller
u 12. than average at the onset of disease. This confirms

>' ~~~~~~~~~~~thedata reported by Edelsten et al.
C; 10- ~~~~~~~~~~Likethese authors, we too used the population

Z - ~~~~~~~~~~~chartsof Tanner and Whitehouse for height as no
8- ~~~~~~~~~~~~standards are available for the height of children in

.21 - ~~~~~~~~~~ourarea. Our preliminary data, however, suggest
'6 that the height of our healthy children does not

differ greatly from that observed by Tanner and his
4. colleagues. It has been hypothesised that the ad-

- ~~~~~~~~~~~~vancedgrowth of children with diabetes at the onset
2- 970 of disease might be the result of the anabolic activity

- 500~~~~~~\~ of insulin, which may exist in abnormal quantities
r--M for some time before the clinical onset of diabetes.34

2 4 6 8 10 12 14 16 18 Our results concerning height after treatment,
Age (years) however, cannot be interpreted so easily. If, like

Fig.3 High veociy man i 12girs wth nse of many authors,35 we use a cross sectional method-
diseas at leasht threeityears i

beor pubrlswty. neto
that is, examining all subjects at their most recentdisaseat eattreeyeas efoepbery.measurement, independently of duration of
disease-we find that there is an excess of boys

22 shorter than the mean. If, however, we use a
longitudinal method and take account of adult

20 height, although the number of subjects may be
- ~~~~~~~~~~~small,the differences encountered with the cross

18- sectional method are no longer found.
- ~~~~~~~~~~~Giventhe importance of puberty in determining

16- adult height, we followed other authors3 and exam-
ined the growth of children with diabetes during this

~14 period. According to Jivani et al growth rate is
normal until puberty, which is exactly when it is

E 12- impaired.3 These authors state that the pubertal
%_1 1. ~~~~~~~~~growth spurt is reduced and also delayed among

girls only when the onset of disease is well before
0 ~~~~~~~~~~~~puberty.This does not agree with our data, but the

> 8 ~~~~~~~~~~~~discrepancy is not easy to interpret as Jivani et al
gave no numerical data in their paper. Our patients

6- ~~~~~~~~~~~hada pubertal spurt that was never delayed but was
- ~~~~~~~~~~~reduced. This occurred more in girls than in boys

4- and also in those with onset of disease around
- ~~~~~~~~~~~puberty rather than in those with onset well before

2- 97 puberty (Figs. 3 and 4).
.30

5V Furthermore, we have been unable to indicate
* * * ** * * ** * * ** * any relation between metabolic control and growth

2 4 6 8 10 12 14 16 18 data. Paradoxically, as reported by Jivani et al,3 the
Age (years) more poorly controlled our patients were at the

Fig. 4 Height velocity mean in 13 girls with unset uf second year of disease the better they seemed to
disease at or around puberty. grow.
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Other studies, however, have come to the oppo-
site conclusion.6 7 Rudolf et al found that growth
rate, which was already normal, had doubled in nine
adolescents with diabetes receiving intensive treat-
ment (insulin pump or multiple injection) for six
months and whose metabolic profile had shown a
pronounced improvement.6
As regards the time when pubertal development

begins and ends, we used the data published by
Pezzini et al'5 as we have none of our own referring
to the healthy population. These authors state that
healthy girls begin pubertal development at
10-60±0-84 years and have the menarche at
12-50±0-80 years. Our data indicate that girls with
diabetes are about six months behind these aver-
ages, while the data of Pezzini et al indicate a delay
of one year.15
That there were no significant delays in sexual

maturity was also suggested by our data concerning
skeletal maturity, which, during treatment, followed
the physiological pattern. Birkbeck reached the
same conclusions concerning skeletal maturity,5
while Edelsten et al reported advanced skeletal
maturity at onset of disease and a clear decrease in
skeletal maturity SDS after treatment only in boys.4

Finally, growth hormone concentrations do not
seem to interfere with growth or to be influenced by
metabolic control. It is worth remembering, how-
ever, that these data refer to a precise moment in
the history of the disease and therefore, given the
extreme variability of secretion of growth hormone
in the same subject, it cannot be ruled out that these
data might have been different at another time.
Somatomedin C seems to behave differently in

the two sexes. While it seems to have no relation to
growth characteristics in girls, in boys the relation
seems to be very definite. In boys, in fact, the higher
the somatomedin C values the better the growth
rate. Further, in prepubertal boys there is a signifi-
cant correlation between somatomedin C concentra-
tions and velocity SDS.
We conclude that there seem to be interferences

in the growth rate of children and adolescents with
diabetes and that they are evident in particular as a
decrease in pubertal spurt independent of metabolic
control and conditioned, in boys, by production of

somatomedin C. These interferences do not seem to
have a significant influence on adult height.

The work was supported in part by the Consiglio Nazionale delle
Richerche (85.00477.56).
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