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ABSTRACT

Previous reports concerning insulin-like growth factor-I (IGF-I) in diabetics are
conflicting. This study describes IGF-I in children with insulin-dependent diabetes mellitus
(IDDM) and healthy controls in relation to pubertal development. Sixty-six children
participated (34 girls and 32 boys) of which 33 had IDDM. The mean age in the study
population was 14.3 years, (range 7.1 to 19.7).

Serum IGF-I was significantly decreased in diabetics. Diabetic girls had a mean IGF-I of
28.3 (14.4; =SD) nmol/l compared with 42.8 (15.0) nmol/l in controls. In diabetic boys the
result was 30.0 (16.0) nmol/l compared with 44.1 (23.4) in controls.

Growth hormone was measured in only one fasting morning serum sample from each
individual. There was no difference between girls, but diabetic boys had higher mean
serum concentration of growth hormone than controls (3.5 (4.8) vs. 1.8 (1.5) pg/l
respectively). Diabetic girls had delayed menarche, corresponding to a slightly delayed

bone maturation.

INTRODUCTION

Diabetics are in some reports found to have lower serum concentrations of insulin-like
growth factor I (IGF-I) than controls (4). After the first 6-9 months postnatally serum IGF-
1 is mainly regulated by growth hormone and nutritional status. Normally IGF-I increases
two-three-fold during puberty and declines with aging (3, 5). Several studies have been
published about serum levels of IGF-I in diabetics but few studies were performed in
children or adolescents. The results are conflicting. In a review of the literature in 1990
some studies were reported showing increased values in diabetics, some normal while
some showed decreased concentrations of IGF-1 in serum compared with controls (4).
During puberty most diabetics have impaired metabolic control. Children with insulin-

dependent diabetes mellitus (IDDM) have been reported to have delayed puberty compared
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with controls and in some reports they were shorter. The normal growth spurt was retarded
(1,13, 14) and IGF-I concentrations decreased compared with healthy controls (2, 6).

The reports about the relation between the level of IGF-I and microangiopathy have been
contradictory. Nardelli did not find any correlation between retinopathy and levels of IGF-
1, while Merimee found the IGF-I level significantly elevated in patients with rapid

proliferative retinopathy compared with patients with less severe retinopathy (8, 9).

Because of these contradictory reports, concerning both the IGF-I levels in diabetics and
the correlation to angiopathy, we have investigated the pubertal development and the
hormonal changes, including IGF-I, in children with IDDM and a control group of healthy

children.

PATIENTS AND METHODS

Patients

Thirty-three insulin-dependent diabetic patients were included, 17 girls and 16 boys. As
control they all brought a healthy classmate of the same sex and age. The groups were

matched for chronological age, bone age, height, weight and body mass index (table 1).

N Age Bone age | Height Weight BMI Menarche
years years meter kg years
Girls
Diabetes 171142 (3.0) | 13.6 (3.3) |1.54 (0.13) | 520 (18.0) § 213 (47) | 13.7(1.4)
Control 171143 3.1 | 140 (3.2) | 1.59(0.12) | 552 (18.0) | 212 4.8) | 132 (1.1)
Boys
Diabetes 16| 143 (2.4) | 13.6 2.6) | 1.64 (0.15) {53.0 (16.1) | 19.1 (2.7)
Control 16] 14.6 2.5) | 142 (3.1) | 1.64 (0.16) | 51.8 (14.5) | 18.7 2.0)

Table 1. Anthropometric data of boys and girls with and without IDDM (=SD).

Because of the relatively few patients in each pubertal group, the total population was
divided into only four main groups. These were two female groups based on breast
development (B<3; B23) (according to Tanner’s staging (1-5)), and two male groups based

on the testicular volume (T<15 ml; T=15 ml) (12, 15).
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The mean diabetes duration was 8.0 (range 0.9-15.0) years in girls and 7.0 (1.0-16.5) years
in boys. Most diabetics were patients at the outpatient clinic of the Department of
Pediatrics, Aker University Hospital, while some came from suburban hospitals of Oslo.
The diabetics were all treated with human insulin. Some used two or three injections daily
with conventional syringe while others had a multiinjection regimen with insulin-pen. The
mean daily insulin dose was 46.4 TU in girls and 42.6 IU in boys (n.s.) (0.9 (0.4-2.2) and
0.8 (0.3-1.3) IU/kg body weight respectively; n.s.). There was no difference in systolic or
diastolic blood pressure between the diabetic girls and boys (115/73 and 115/69 mmHg
respectively) compared with the controls (116/71 and 112/67 mmHg respectively). The
patients and their parents gave written consent. The study protocol was approved by the

local Ethics committee.

Methods

Both the diabetic patients and controls met fasting at the outpatient clinic at 8.00 am. The
blood-samples were taken before breakfast and the morning dose of insulin. They were all
examined and grouped according to the pubertal developmental staging of Tanner (12).
Axillary and pubic hair, breast development, time of menarche and the menstrual cycle
were recorded. Penile development and testicular volume (by Prader™ orchidometer) were
measured in boys (15). Standing height was measured with a Holtain™ stadiometer. Body
mass index (BMI) was calculated from the standing height and body weight. To reduce
variation the standing height and blood pressure were measured by the same technician.
Bone age was estimated according to Greulich-Pyle (10). To reduce variation the bone age
was determined by only one experienced radiologist.

HbAlc was measured by HPLC (Diamat™, normal <6.1%, cv <3%). Insulin-like growth
factor I (IGF-I) was measured with a RIA-kit (Immuno Nuclear™). No separation from
binding proteins was made. Growth hormone (GH), testosterone, estradiol, follicle
stimulating hormone (FSH), luteinizing hormone (LH), dehydroepiandrosterone (DHEA),

androstenedione, cortisol and thyroxine were measured by standard RIA-methods.

Statistical methods

All results were expressed as mean values with standard deviation in brackets. Linear
regression analysis was used to analyse the correspondence between IGF-I and pubertal
stage in the different groups (7).

All tests used in this analysis were carried out two-tailed and the differences considered
significant if the p-values were less than or equal to 5%. The groups were compared by

using two-way layout analysis of variance.
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N Blood HbA,c
glucose %

mmol/l

Girls

Diabetes | 17 | 11.7(5.9) |9.3 (1.5)

Control | 17| 4.5(03) |5.1(0.6)

Boys

Diabetes | 16 | 83 (4.5) [9.3(1.9)

Control | 16 | 4.6 (0.4) |5.1 (0.6)

Table 2. Blood glucose and HbA ¢ in children with IDDM and controls (=SD).

RESULTS

Fasting blood glucose and HbAlc values are given in table 2. The mean age of menarche
was delayed by 0.5 years in diabetic girls. The hormone data are given in tables 3 and 4.
In girls the mean concentration of serum IGF-I increased from 19.2 (5.4) nmol/l in the
youngest pubertal group (B<3) to 33.3 (15.5) nmol/l in the oldest (B>3). The pubertal
increase of IGF-I in diabetic girls started later than in controls. Control girls had higher
values than diabetic girls in early puberty. In early pubertal control boys IGF-1
concentrations were higher than in boys with diabetes. In boys the difference between the
mean values in late puberty was not as large as in early puberty (41.3 (13.4) vs. 53.5
(16.0) nmol/l and 21.1 (12.1) vs. 36.7 (26.5) nmol/l respectively). These differences were
not statistically significant, but grouping all diabetic boys together and comparing them
with controls, serum IGF-I concentration was significantly lower (30.0 (16.0) vs. 44.1
(23.4) nmol/l; p<0.05). There was no correlation between IGF-I and metabolic control

measured by HbAlc.

DISCUSSION
There are several studies reporting that the serum IGF-I concentration is decreased in

diabetic patients, while some claim the opposite (4). In our study, both diabetic girls and
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IGF-1 GH

nmol/l ngll
N Diabetes Controls Diabetes Controls
All 33 129.1 (15.0)*** | 43.4 (19.3) 39 43) 3.1 (29
Girls 17 | 28.3 (14.4)* 42.8 (15.0) 4.3 (4.0) 43 (3.4)
B<3 6 1192 ( 54)** {422 (17.9) 3.1 2.5 3.5 3.0
B=3 11333 (15.5)* 43.1 (14.1) 5.0 (4.6) 47 3.6)
Boys 16 1 30.0 (16.0)* 44.1 (23.4) 3.5 (4.8)* 1.8 (1.5)
T<15 91211 (12.1) 36.7 (26.5) 1.8 (1.1) 2.3 (1.8)
T=15 71413 (13.4) 53.5 (16.0) 5.7 (6.8)** 1.1 (0.3)

vs. controls *=p<0.05 **=p<0.01 ***=p«0.0]

Table 3. Serum IGF-I and growth hormone (GH) in boys and girls, with and without
IDDM, at different pubertal stages (=SD).

boys had lower serum IGF-I than controls, also when divided into groups of pubertal
development. This is identical to what Nardelli reported in 1989, who found 0.89 U/ml of
IGF-I in controls compared with 0.62 U/ml in diabetics (p<0.01) (9). Salardi and
coworkers reported in 1986 that serum IGF-I was lower in diabetic prepubertal groups
compared with controls. IGF-I was not significantly reduced in pubertal groups (11). They
also found increased nocturnal secretion of growth hormone in diabetics suggesting a
block in production of IGF-L. In our study we had too few prepubertal children, compared
with pubertal, to make any statistical analysis meaningful. By grouping them into one
group with pubertal development less than Tanner stage 3 and one with stage 3 or more,
we also found that the youngest diabetics as well as the more mature ones had lower IGF-

I levels than controls. The secretion of GH is normally pulsatile with the highest values
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during the night. Growth hormone was measured as a single test, random morning fasting

GH concentration. This reduces the importance of the result. Growth hormone was

significantly increased only in our diabetic boys.

N Testo- Estradiol FSH LH DHEA Andre- Cortisol Thyroxine
sterone stenedione
nmol/l nmol/l n 1 pmol/l nmol/l nmolA nmol/t
Diabetes | 33 | 52(76) |012014 [3422 2602 4.0 (2.6) 23(14) | 531 260) | 1043 (31.3)
Girls 17 | 12(06) [0.180.18) [3921) {3.008) 4.1(25) 28(17) | 533241 | 1107 (353)
B<3 6 | os(o2) |oos©ozyr 2621 Joo@mn 25(12) 1204) | 537336) | 1382 344y
B>3 11| 16(03) 025019 4607 [4229) 5.0 (2.6) 38(13) {532(192) | 957(26.5)
Boys 16 | 95092 [007003) |2922 [2102) 39 (2.8) 1809 |s2808n | 976(258)
T<15 | 9| 3448 |006©04 |1909 [|1500 2.4 (1.5) 1206 | 52084y | 1073 30.0)
T215 | 7 | 173(73) | 008(0.02) |4.2(28)* |29 (10 5.7 3.1 24(08) | 537(400) | 850 (119)
Controls | 33 | s8¢84) |otainy |3421) [29¢9 5.4 (4.4) 25(14) | 486 (143) | 94.1(24.4)
Girls 17 12¢06) 019012) [45@3) |37029) 4.6 (3.6) 305 |451(166) | 99.4(223)
B<3 6| 08¢05 lonnosy |az@3 [isan 36 (3.0) 200.3) L4969y | 998 (16.4)
B>3 1] 15¢0s) 024012 |470@4 [1929 52(3.8) 3503) |46969) | 991264
Boys 16 | 107 oy | 008 004y f22010) |21 04 62 (5.1) 21(13) | 524 (108) 88.6 (25.6)
T<15 | 9| so(e4 |005002 |2202 |1502) 3.4 (1.2) 1408) | s00(93) 99.4 (26.5)
T215 | 7 {180(95) {01104 |21@05 28049 9.7 (6.1) 2915 |sssq2sy | 746 (172)
vs. controls ¥=p<0.05
Table 4. Fasting morning serum hormone concentrations in boys and girls, at different
pubertal stages (=SD).
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There are previous reports of reduced height and delayed pubertal development in diabetic
adolescents compared with controls. Most of the diabetic patients reach a normal adult
height. They will grow slightly slower but for a longer period because of the delayed
pubertal development, thus reaching normal adult stature (1, 2, 6, 13, 14). The girls in our
study were significantly delayed in menarche although the pubertal staging was the same
in both the diabetic and the control group. The delay is associated with a significantly

lower mean value of estradiol in the diabetic group compared with controls (p<0.05).

The mechanism behind the reduced serum IGF-1 in our adolescent diabetic patients is not
completely clear. The study demonstrates that the reduction of IGF-1 was present also
when pubertal stage and age were taken into consideration. The decreased IGF-1 levels
were not correlated with poor metabolic control. There is no evidence for intensive
exercise in the diabetic children explaining some part of the reduced IGF-1. Diabetes
during puberty can thus be considered an IGF-1 deficient state. This deficiency seems to
be connected to increased growth hormone concentrations at least in boys, which might
be due to lack of negative feed back control. This study was performed before the
possibility to measure free IGF-1 had appeared, so changes in IGF-binding protein levels
can not be excluded. The importance of these findings on diabetes regulation and long

term complications have to be further studied.
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