mones of the pituitary, thyroid, and gonadal axes. With adequate nutrition and
physiological thyroid hormone status,
growth is predominantly regulated by
growth hormone (GH). Pituitary GH is
secreted in a pulsatile fashion under the
WILLIAM L. CLARKE, MD
stimulatory control of hypothalamic
MARY LEE VANCE, MD
ALAN D. ROGOL, MD, PHD
GHRH and the inhibitory control of SRIF
(somatostatin) (4,5). In the circulation,
GH is bound to high-affinity GHBP,
which reflect the status of the tissue GH
rior to the discovery of insulin, linStudies of intermediary metabo- receptor. GH acts primarily at the liver to
ear growth failure was common lism and glucose counterregulation, generate a series of growth factors, the
among children with IDDM (1). however, have identified marked abnor- most important of which is IGF-I (6).
And descriptive studies of growth veloc- malities in the hypothalamic-pituitary- IGF-I is bound to a series of IGFBP, of
ity in the early insulin era identified sig- growth axis in children with IDDM, even which at least six have been identified.
nificant subsets of children with marked in those who are growing normally. Such The most important IGFBP for growth is
growth failure (2). An extreme example findings suggest that even today's more IGFBP-3. IGF works at the tissues by
of stunted growth, the Mauriac Syn- modest levels of hyperglycemia and/or increasing gene expression and protein
drome—characterized by obesity, hepa- underinsulinization could be associated synthesis (7). During puberty, mean
tomegaly and delayed puberty—was de- with potentially serious consequences for 24-h GH increases as a result of a twoscribed and successfully treated with children in the future, including the de- to threefold increase in GH pulse ampliappropriate insulin administration and, velopment and progression of diabetic tude, with a relatively consistent number
more specifically, newer longer-acting retinopathy. In this report, we review of pulses (8). IGF-I and IGFBP-3 also rise
insulin preparations (3). Today, children current knowledge concerning the during childhood and peak during puwith this syndrome rarely are seen. Since pathophysiology of the growth axis in berty (9). These changes are responsible
the introduction of insulin therapy in IDDM children and the mechanisms re- for the mid-pubertal growth spurt
IDDM more than 60 years ago, marked sponsible for the abnormalities observed. (8,10).
changes in the species, purity, duration In addition, we review studies of chilThe increases in GH during puof action, and mode of delivery have oc- dren with alterations in linear growth berty are coincident with increases in
curred, and improved methods for mon- prior to the onset of clinical diabetes fasting and stimulated serum insulin
itoring disease activity have been devel- mellitus.
concentrations (11,12), suggesting a deoped. Growth failure is not a common
crease in insulin sensitivity. Insulin senfinding in pediatric diabetes clinics tositivity is inversely correlated with BMI,
day; instead, it is seen only in the excepserum DHEA sulphate, and log IGF-I
tional child with chronic underinsulin- NORMAL GROWTH— Growth is a concentrations (13). The decreased insuization and/or IDDM-associated complex physiological process regulated lin sensitivity during puberty is restricted
acquired hypothyroidism.
by nutrition, genetic potential, and hor- to peripheral glucose metabolism, and
the compensatory hyperinsulinemia may
amplify insulin's effect on amino acid
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GROWTH IN THE CHILD WITH
IDDM— Previous investigators have
reported that children with IDDM in
"poor" glucose control fail to grow at
normal rates, although children with
fair-to-good glucose control grow normally (15,16). More recent studies of the
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STUDIES OF GH SECRETION —
The most commonly reported abnormality in GH secretion in IDDM children
(and adults) is a marked increase (3 to 4
times normal) in mean 24-h GH concentrations (20-23). Studies using frequent
blood sampling and sophisticated deconvolution analysis have demonstrated that
these elevations are not caused by an
increase in frequency of GH neurosecretory events (bursts), but rather to an
increase in the maximal rate of GH secretion per burst (19,24). Several investigators have demonstrated a reduction,
but not normalization, in mean 24-h GH
concentrations with short-term (up to 2
wk) reductions in mean 24-h glucose
concentration (21,22,25,26). Others,
however, have found no relationship
between integrated (mean) GH levels
and mean glucose levels (23). The failure
to identify such a relationship may be
the result of having selected an inappro-
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priately large age range of subjects.
Nieves-Rivera et al. (19) have recently
shown that even though an inverse relationship between HbA: concentration
and the mass of GH per secretory burst
exists for all age-groups, somatotrope
responsiveness to a similar degree of
glycemic control differs at different pubertal stages. Once puberty is well established (Tanner stages 4 and 5), GH secretion does not differ between diabetic
and normal boys despite modest hyperglycemia (HbAj 10.8% ± 0.6 to
12.2% ± 0.7).
The mechanism for the augmented pituitary GH secretion is unclear,
but there is evidence to suggest the probability of hypothalamic dysfunction
characterized by dysregulation of GHRH
and/or SRIF synthesis and/or release
(27). The exaggerated pituitary GH response to exogenous GHRH in hyperglycemic IDDM subjects is inappropriate for
the circulating level of glucose, i.e., hyperglycemia fails to suppress GH responses to GHRH as in nondiabetic subjects (28). This response is not the result
of underinsulinization because similar
responses have been observed in poorly
controlled IDDM subjects during hyperglycemic hyperinsulinemic clamp studies
(29). In addition, Guistina et al. (30), in
studies of the effect of the AChe inhibitor, pyridostigmine, which is thought to
decrease hypothalamic somatostatin
tone, showed that IDDM subjects with
longer disease duration, higher basal GH
levels, and higher HbA: levels have exaggerated GH responses to GHRH but
lesser GH release after pyridostigmine.
Pyridostigmine and GHRH were synergistic in nondiabetic subjects. These
findings suggest that a decrease in somatostatin tone may contribute to the abnormal pituitary GH response to GHRH.
Studies of IDDM subjects in poor glucose
control show that suppression of GHRHinduced GH secretion occurs only with a
SRIF dose > 15 times that required in
nondiabetic subjects (31). This suggests
pituitary resistance to SRIF in IDDM.
Studies in adolescents in poor glucose

control showed that 4 wk of improved
glucose control is insufficient to suppress
GH responses to GHRH, suggesting that
the abnormality in hypothalamic somatostatin secretion may be chronic (32).
GH responses to other secretogogues
(e.g., clonidine and exercise) are exaggerated as well, but can be reduced after
chronic intensive insulin therapy, which
lowers mean 24-h glucose and HbAx
concentrations (33,34). In summary,
there is sufficient evidence to suggest abnormalities in the hypothalamic-pituitary-GH axis. Such abnormalities are
more common in subjects with IDDM in
poor glucose control and may not be
ameliorated by short-term intensive insulin therapy. Whether these findings
can be reversed by sustained improved
glucose control remains to be determined.

TARGET EFFECTS OF GH IN
IDDM— GHBP, which reflect the status of the GH receptor, are reduced in
children with IDDM when compared
with control subjects (6). However, the
level of GHBP apparently is not related to
glucose control, which suggests there is
also cellular GH resistance in IDDM children. Unfortunately, this study included
few prepubertal children for whom the
effects of glucose control on GH secretion and action may be more relevant.
Despite elevated serum GH levels
in IDDM children, IGF-I levels are lower
than in normal individuals. The relationship of IGF-I level to the degree of
glucose control is variable; some investigators have observed an inverse relationship between IGF-I and HbAx concentrations (35), whereas others have not (36).
Salardi et al. (37) compared IGF-I values
in prepubertal and pubertal IDDM children to age- and sex-matched control
subjects. Prepubertally, IGF-I levels were
significantly lower in the IDDM subjects
than in the control subjects, but no correlation was observed between IGF-I levels, duration of diabetes, and growth ve-

DIABETES CARE, VOLUME 16, SUPPLEMENT 3, DECEMBER

1993

Downloaded from http://diabetesjournals.org/care/article-pdf/16/Supplement_3/101/442534/16-3-101.pdf by guest on 09 December 2022

relationship between glucose control and
growth, however, suggest little or no significant retardation with modest hyperglycemia (17-19). However, Rudolf et al.
(17) demonstrated marked increases in
growth velocity to supranormal rates in a
group of 9 adolescents with IDDM when
glucose control was markedly improved
following 6 mo of intensive insulin treatment. Despite a wide variation in initial
levels of glucose control (HbAj
12.4 ± 3.0 SD) in these subjects, initial
growth rates were appropriate for age
and stage of sexual development. The
increase in growth velocity was accompanied by a significant increase in insulin
dose (1.0 ± 0.2 U/kg/d to 1.3 ± 0.2
U/kg/d), corroborating insulin's importance as a growth factor.
A recent study by Wise et al. (18)
of the relationship between changes in
height Z scores and level of glucose control does not report absolute heights. The
changes in Z scores are all < 0.5 SD U.
Although statistically significant, the results do not appear clinically relevant.

Clarke and Associates

The pattern of elevated GH levels
and paradoxical reductions in IGF-I levels is similar to that seen in nutritional
deficiency (39-41). The response to intensive insulin therapy is similar to that
seen in nondiabetic children with protein calorie malnutrition or anorexia after
re-feeding (41-44) and chronic inflammatory bowel disease with therapy (45).
Thus, the findings in diabetes are compatible with an intracellular energy deficit, which is not readily reversed by acute
reductions in glucose levels. Likewise,
administration of GH does not acutely
generate IGF-I. (46).
IGFBP also are abnormal in
IDDM children. IGFBP-3, which is regulated by GH, is abnormally low in
IDDM children and does not increase
with advancing age and puberty as in
normal individuals (47,48). IGFBP-1, a
low molecular weight protein not regulated by GH or IGF-1, is usually inversely
related to IGF-I and IGFBP-3 concentrations, and is inversely correlated with
insulin levels (48). IGFBP-1 levels in
IDDM children were 4 times higher than
those in normal individuals and correlated with poor metabolic control (49).
Serum from adolescents with IDDM and
increased 1GFBP-I concentrations have
been shown to inhibit IGF-I bioactivity
on cartilage in vitro (50). It would appear, therefore, that there are significant
abnormalities in IGFBP, in addition to
chronic abnormalities in somatostatin

tone, GH receptors, and in the generation of IGF-I in IDDM children.

GROWTH AT PUBERTY— Children
with IDDM have impaired insulin action
during puberty (51), suggesting that the
insulin required (U/kg) to maintain euglycemia increases significantly (52).
However, the importance of peripheral
hyperinsulinemia and euglycemia for optimal growth in IDDM is not clear. Wise
et al. (18) have demonstrated that
growth deceleration is not observed during puberty unless glucose control is exceedingly poor. And Rudolf et al. (17)
showed that high rates of insulin administration (1.3 U/kg/d) during adolescence
can be associated with supranormal
growth rates.

SEXUAL DEVELOPMENT— The relationship between sexual development
and glucose control has not been studied
in detail. Before the introduction of insulin therapy, menarche and subsequent
menstruation occurred only rarely in
girls who developed diabetes during
childhood (1,53,54). Tattersall and Pyke
(55) recorded the age at menarche in
pairs of identical twins, one of whom had
diabetes. Although normal intrapair differences in menarche average 2.8 mo,
when diabetes developed in one twin
before the onset of puberty, her menarche was delayed as much as 5 yr. More
recent studies in larger childhood populations show that as many as 33% of boys
and 20% of girls may have delayed skeletal maturation, presumably indicating
delayed sexual development (56). However, the clinical experience of most pediatric diabetologists suggests that pubertal delay does not occur at an
increased frequency in children with
IDDM.

GROWTH BEFORE THE ONSET OF
DIABETES — Stature at the time of diagnosis of IDDM has been reported var-
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iously as short, tall, or as expected for
age (57-62), but few studies have examined growth velocity before disease onset. Leslie et al. (63) recently reported
growth velocities in 12 monozygotic
twin pairs, in which one twin had IDDM.
Of the pairs, 7 developed diabetes and 6
of these had a decrease in growth velocity before clinical onset. Of these 6, 4 had
growth retardation before any abnormality in glucose tolerance. Recent population-based studies suggest that children
with diabetes are taller than control subjects and/or siblings for a period of 3 to 7
yr before the onset of clinical disease
(64-67), and that there may be a doseresponse relationship between height
and risk of diabetes. This is more likely
for males than females (67) and particularly for children before the onset of
puberty (65,66). In fact, children with
IDDM onset after puberty usually are
shorter than normal. Thus, age of diabetes onset (prepubertal vs. pubertal) may
explain the discrepancy in height reported in earlier studies. The pathophysiological significance of growth before
clinical diabetes onset is unclear because
GH secretion and/or basal and stimulated insulin levels have not been determined. It has been speculated that rapid
linear growth may increase insulin demand and deplete pancreatic (3-cell
mass, or that hyperinsulinemia, perhaps
of genetic etiology, may accelerate
growth and increase the vulnerability of
fi-cells (67). However, there is no firm
evidence to support either hypothesis.

CONCLUSIONS— In summary, it
would appear that there are significant
abnormalities in GH secretion, GHBP reflecting GH receptor number, IGF-I production, and IGFBP concentrations in
children with IDDM. Many previous
studies have been confusing because
they have not separated children based
on their pubertal status. It is becoming
clear that the prepubertal child may be
more vulnerable to the effects of hyper-
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locity standard deviation score among 3
levels of glucose control. Studies from
our laboratory confirm these findings.
Among 25 IDDM boys with mean HbAx
levels indicative of moderate hyperglycemia, IGF-I levels were decreased only in
the prepubertal group, compared with
control subjects (19). However, once puberty was established, IGF-I levels did
not differ from those in normal adolescents. Although intensive insulin therapy
increases low IGF-I levels (26), prolonged intensive therapy (up to 16 wk)
may be necessary to increase these levels
to near normal (38).

Growth in children with IDDM

Clinically significant growth failure is unusual in contemporary pediatric
diabetes clinic populations, but significant abnormalities in the hypothalamicpituitary-GH axis exist even in normally
growing children with IDDM. What happens postpubertally when GH secretion
declines normally is unknown, but studies in adults with IDDM suggest that GH
levels may remain elevated and IGF-I
levels are reduced (27).
Adequate insulin therapy has obviated the problem of growth failure
among children with diabetes, just as it
has prevented deaths from recurrent ketoacidosis. However, just as it is unclear
what level of glucose control can reduce
the incidence of diabetic complications,
it is unclear what level of glucose control
can normalize the dysfunction observed
in the hypothalamic-pituitary-GH axis.
The relationship between elevated GH
levels and diabetic retinopathy in adults
with IDDM is well established. Whether
this relationship has its origins in persistently elevated GH concentrations during
childhood remains unclear. In addition,
it is not known whether there are other
potentially harmful growth factors that
also may be dysregulated during moderate hyperglycemia and may predispose
the child with IDDM to other significant
and serious consequences in later life.

Acknowledgments—This work was supported in part by National Institutes of Health
grants DK-28288, RR-00847, and
DK-38942; the Diabetes Research and Education Foundation; and the Diabetes Clinical

104

Research Institute of the University of Virginia.

References
1. Joslin E, Root H, White P: Development
and prognosis of diabetic children.
JAMA 85:420-22, 1925
2. Wagner R, White P, Bogan I: Diabetic
dwarfism. Am J Dis Child 63:667-728,
1942
3. Mauriac P: Gross Ventre, hepatomegalies, troubles de la croissance chez les
enfants diabetiques: traites depuis
plusiers annes par l'insuline. Gaz Hebl Sri
Med Bordeaux 26:402-10, 1930
4. Tannenbaum G: Somatostatin as a physiologic regulator of pulsatile growth hormone secretion. Horm Res 29:70-74,
1988
5. Plotsky P, Vale W: Patterns of growth
hormone releasing factor and somatostatin secretion into the hypophyseal-portal
circulation of the rat. Science 230:461,
1985
6. Menon R, Arslanian S, May B, Cutfield
W, Sperlin M: Diminished growth hormone-binding protein in children with
insulin-dependent diabetes mellitus. J
Clin Endocrinol Metab 74:934-38, 1992
7. Daughaday W, Rotwein P: Insulin-like
growth factors I and II. Peptide, messenger ribonucleic acid and gene structure,
serum and tissue concentrations. Endocrinol Rev 10:68-91, 1989
8. Martha P, Rogol A, Veldhuis J, Kerrigan
J, Goodman D, Blizzard R: Alterations in
the pulsatile properties of circulating
growth hormone concentrations during

stimulated insulin levels rise with advancing puberty. Clin Endocrinol 28:714, 1988
12. Hindmarsh P, DiSilvio L, Pringle P, Kurtz
A, Brook C: Changes in serum insulin
concentration during puberty and their
relationship to growth hormone. Clin Endocrinol 28:381-88, 1988

13. Bloch C, Clemons P, Sperling M: Puberty
decreases insulin sensitivity. J Pediatr
110:481-87, 1987
14. Amiel S, Caprio P, Sherwin R, Plewe G,
Haymond M, Tamborlane W: Insulin resistance of puberty: a defect restricted to
peripheral glucose metabolism. J Clin Endocrinol Metab 72:277-82, 1991
15. Jackson R, Holland E, Chatman T, Guthrie D, Hewett J: Growth and maturation
of children with insulin dependent diabetes mellitus. Diabetes Care 1:94-107,
1978
16. Levinsky R, Trompeter R, Grant D: 24
hour urinary glucose excretion in assessment of control in juvenile diabetes mellitus. Arch Dis Child 51:463-66, 1976
17. Rudolf M, Sherwin R, Markowitz R, Bates
S, Genel M, Hochstadt J, Tamborlane W:
Effect of intensive insulin treatment on
linear growth in the young diabetic patient. J Pediatr 101:333-39, 1982
18. Wise J, Kolb E, Sauder S: Effect of glycemic control on growth velocity in children with IDDM. Diabetes Care 15:82630, 1992
19. Nieves-Rivera F, Rogol A, Veldhuis J,
Branscom D, Martha P, Clarke W: Alterations in growth hormone secretion and
clearance in adolescent boys with insulin
dependent diabetes mellitus. J Clin Endopuberty in boys. J Clin Endocrinol Metab
crinol Metab. In press
69:563-70, 1989
20. Hansen A, Johansen K: Diurnal patterns
9. Baxter R, Martin J: Radioimmunoassay of
of blood glucose, serum free fatty acids,
growth hormone dependent insulin like
insulin, glucose and growth hormone in
growth factor binding protein in human
normals and juvenile diabetes. Diabetoplasma. J Clin Invest 78:1504-12, 1986
logia 6:27-33, 1990.
10. Martha P, Gorman K, Blizzard R, Rogol 21. Vigneri R, Squatrito S, Pezzino V, Filetti
A, Veldhuis J: Endogenous growth horS, Branca S, Polosa P: Growth hormone
mone secretion and clearance rates in
levels in diabetes: correlation with the
normal boys, as determined by deconvoclinical control of the disease. Diabetes
lution analysis: relationship to age, pu25:167-72, 1976
bertal status, and body mass. J Endocrinol 22. Johansen K, Hansen A: Diurnal serum
Metab 74:336-44, 1992
growth hormone levels in poorly and
11. Smith C, Archibald H, Thomas J, Tarn A,
well-controlled juvenile diabetes. DiabeWilliams A, Gale E, Savage O: Basal and
tes 20:239-45, 1971

DIABETES CARE, VOLUME 16, SUPPLEMENT 3, DECEMBER 1993

Downloaded from http://diabetesjournals.org/care/article-pdf/16/Supplement_3/101/442534/16-3-101.pdf by guest on 09 December 2022

glycemia on augmented GH pulse amplitude and reduced IGF-I. Once gonadal
steroids are produced in sufficient quantities they become the dominant factor
responsible for pituitary secretory activity (19). Thus, the age at which IDDM
develops and the level of glucose control
before puberty may have a significant
bearing on adult height. We are unaware
of reports of adult height with childhood-onset IDDM and the relationship
to levels of chronic glucose control.

Clarke and Associates

DIABETES CARE, VOLUME 16,

SUPPLEMENT 3, DECEMBER

1993

crinol Metab 63:651-55, 1986
Isley W, Underwood L, Clemmons D:
Dietary components that regulate serum
somatomedin-C concentrations in humans. J Clin Invest 71:175-82, 1983
Phillips L, Vassiloporilou-Sellin R: Nutritional regulation of somatomedin. Am J
Clin Nutr 32:1082-93, 1979
Hintz R, Suskind F, Amatayakul K, Thanangkul O, Olson R: Plasma somatomedin
and growth hormone values in children
with protein-caloric malnutrition. J Pediatr 92:153-56, 1978
Rappaport R, Prevot C, Czemichow P:
Somatostatin activity and growth hormone secretion: changes related to body
weight in anorexia nervosa. Ada Paediatr
Scand 67:37-41, 1980
Kirschner B, Sutton M: Somatomedin C
levels in growth-impaired children and
adolescents with chronic inflammatory
bowel disease. Gastroenterology 91:83036, 1986
Lanes, R, Recker B, Fort P, Ufshitz F:
Impaired somatomedin generation test in
children with insulin-dependent diabetes mellitus. Diabetes 34:156-66, 1985
Underwood L: The role of IGF's in postnatal growth and development. Prog 2nd
International IGF Symposium. 1991
Albertson-Wikland K, Rosberg S: Analyses of 24 hour growth hormone profiles
in children: relation to growth. J Clin
Endocrinol Metab 67:493-500, 1988
Batch J, Baxter R, Werther G: Abnormal
regulation of insulin-like growth factor
binding proteins in adolescents with insulin-dependent diabetes. J Clin Endocrinol Metab 73:964-68, 1991
Taylor A, Dunger D, Grant D, Preece M,
HollyJ, Smith C, WassJ, Patel S, Tate V:
The growth hormone independent insulin-like growth factor-I binding protein
BP-28 is associated with serum insulinlike growth factor inhibitory bioactivity
in adolescent insulin-dependent diabetics. Clin Endocrinol 32:229-39, 1990
Amiel S, Sherwin R, Simonson D, Lauritano A, Tamborlane W: Impaired insulin
action in puberty: a contributing factor
to poor glycemic control in adolescents
with diabetes. N EnglJ Med 315:215-19,
1986
Arslanian S, Heil B, Becker D, Drash A:

105

Downloaded from http://diabetesjournals.org/care/article-pdf/16/Supplement_3/101/442534/16-3-101.pdf by guest on 09 December 2022

Linzer J, Chan E, White D, Charles M:
23. Hayford J, Danney M, Hendrix J,
Thompson R: Integrated concentrations
Spontaneous and stimulated growth hor- 41.
of growth hormone in juvenile-onset dimone release in adolescents with type I
abetes. Diabetes 29:391-98, 1980
diabetes mellitus: effects of metabolic
control. J Clin Endocrinol Metab 75:108724. Edge J, Dunger D, Matthews D, Gilbert J,
91, 1992
Smith C: Increased overnight growth
42.
hormone concentrations in diabetic 33. Topper E, Gertner J, Amiel S, Press M,
compared with normal adolescents. J
Genel M, Tamborlane W: Deranged alClin Endocrinol Metab 71:1356-62, 1990
pha adrenergic regulation of growth hor- 43.
mone secretion in poorly controlled dia25. Herscopf R, Plotnick L, Kaya K, Benedict
betes:
reversal of the exaggerated
G, Hadji-Georgopoulos A, Margolis S,
response
to clonidine after CSII. Fed Res
Kowarski A: Short-term improvement in
19:534-36, 1985
glycemic control utilizing continuous
subcutaneous insulin infusion: the effect 34. Tamborlane W, Sherwin R, Koivisto V, 44.
on 24 hour integrated concentrations of
Hendler R, Genel M, Felig P: Normalizacounterregulatory hormones and plasma
tion of the growth hormone and catelipids in insulin-dependent diabetes
cholamine response to exercise in juvemellitus. J Clin Endocrinol Metab 54:504nile-onset diabetic subjects treated with
509, 1982
a portable insulin infusion pump. Diabe- 45.
26. Amiel S, Sherwin R, Hintz R, Gertner J,
tes 28:785-88, 1979
Press C, Tamborlane W: Effect of diabe- 35. Winter R, Phillips L, Klein M, Traisman
tes and its control on insulinlike growth
H, Green O: Somatomedin activity a'nd
factors in the young subject with type 1
diabetic control in children with insulindiabetes. Diabetes 33:1175-79, 1984
dependent diabetes. Diabetes 28:952- 46.
27. Asplin C, Faria A, Carlsen E, Vaccaro V,
54, 1979
Barr R, Iranmanesh A, Lee M, Veldhuis J, 36. Homer J, Kem S, Hintz R: Growth horEvans W: Alterations in the pulsatile
mone and somatomedin in insulin demode of growth hormone release in men
pendent diabetes mellitus. J Clin Endo- 47.
and women with insulin dependent diacrinol Metab 53:1148-52, 1981
betes mellitus. J Clin Endocrinol Metab 37. Salardi S, Cacciari E, Ballardini D,
69:239-45, 1989
Righetti F, Capelli M, Cicognani A, Zuc- 48.
28. Press M, Tamborlane W, Thorner M,
chini S, Natali G, Tassinari D: RelationVale W, Rivier J, Gertner J, Sherwin R:
ships between growth factors (SoPituitary responses to growth hormone
matomedin C and growth hormone) and
releasing factor in diabetes: failure of glubody development, metabolic control 49.
cose mediated suppression. Diabetes 33:
and retinal changes in children and ad804-806, 1984
olescents with insulin dependent diabe29. Press M, Caprio S, Tamborlane W, Bhustes mellitus. Diabetes 35:832-36, 1986
han R, Thorner M, Vale W, Rivier J, Sher- 38. Tamborlane W, Hintz R, Bergman M,
win: Pituitary response to growth horGenel M, Felig P, Sherwin R: Insulin- 50.
mone-releasing hormone in 1DDM.
infusion pump therapy of diabetes: influDiabetes 41:17-21, 1992
ence of improved metabolic control on
30. Guistina A, Bossoni S, Cimino A, Pizzoplasma somatomedin levels. N Engl J Med
colo G, Romanelli G, Whrenberg W: Im305:303-307, 1981
paired growth hormone (GH) response 39. Rieu M, Binoux M: Serum levels of insuto pyridostigmine in type I diabetic palin-like growth factor (IGF) and IGF
tients with exaggerated GH-releasing
binding protein in insulin dependent dihormone-stimulated GH secretion. J Clin
abetes during an episode of severe met- 51.
Endocrinol Metab 71:1486-90, 1990
abolic decompensation and the recovery
31. Cohen R, Abplanalp W: Resistance of
phase. J Clin Endocrinol Metab 60:
growth hormone secretion to somatosta781-85 1985
tin in men with type I diabetes mellitus. 40. Tan K, Baster R: Serum insulin-like
Diabetes 40:1251-58, 1991
growth factor I levels in adult diabetic
32. Miller J, Wright N, Lester S, Felsing N,
patients. The effect of age. J Clin Endo- 52.

Growth in children with 1DDM

53.

54.

56.

106

Hoskins P, Leslie R, Pyke D: Height at
diagnosis of diabetes in children: a study
of identical twins Br MedJ 290:278-80,
1985
Huane B: Growth in a series of diabetic
children on identical treatment with free
diet and insulin. Ada Paediatr Scand 51
(Suppl. 135):72-78, 1962
Edelstein A, Hughes I, Oakes S, Gordon
I, Salvage D: Height and skeletal maturity
in children with newly diagnosed juvenile-onset diabetes. Arch Dis Child 56:
40-44, 1981
Salardi S, Tonioli S, Tassoni P, Tellarini
M, Mazzanti L, Cacciari E: Growth and
growth factors in diabetes mellitus. Arch
Dis Child 62:57-62, 1987
Emmerson A, Savage D: Height at diagnosis in diabetes. EurJ Ped 147:319-20,
1988
Thon A, Heize E, Feilen K, Holl R,
Schmidt H, Koletzko S, Wendel U,

63.

64.

65.

66.

67.

Nothjunge J: Development of height and
weight in children with diabetes mellitus. EurJ Ped 15:258-62, 1992
Leslie R, Lo S, Millward B, Honour J,
Pyke D: Decreased growth velocity before 1DDM onset. Diabetes 40:211-16,
1991
Price D, Burden A: Growth of children
before onset of diabetes. Diabetes Care
15,1393-95, 1992
Tajima N, Hibi I, Tanae A: Height at
onset of insulin dependent diabetes mellitus in high and low risk countries. Diabetes Res Clin Pract 6:173-76, 1989
Songer T, LaPorte R, Tajima N: Height at
diagnosis of insulin dependent diabetes
in patients and their non-diabetic family
members. BrMedJ 292:1419-22, 1986
Blom L, Persson L, Dahlquist G: A high
linear growth is associated with an increased risk of childhood diabetes mellitus. Diabetologia 35:528-33, 1992

DIABETES CARE, VOLUME 16,

SUPPLEMENT 3, DECEMBER

1993

Downloaded from http://diabetesjournals.org/care/article-pdf/16/Supplement_3/101/442534/16-3-101.pdf by guest on 09 December 2022

55.

Sexual dismorphism in insulin sensitivity 57.
in adolescents with insulin-dependent
diabetes mellitus. J Clin Endocrinol Metab
72:920-26, 1991
Jackson R, Kelly H: Growth of children 58.
with diabetes mellitus in relation to level
of glucose control of the disease. J Pediatr
29:316-28, 1946
Kjaer K, Hagen C, Sando S, Eshoj O: 59.
Epidemiology of menarche and menstrual disturbances in an unselected
group of women with insulin-dependent
diabetes mellitus compared to controls. J
Clin Endocrinol Metab 75:524-29, 1992 60.
Tattersall R, Pyke D: Growth in diabetic
children. Lancet ii: 1105-109, 1973
Santiago J, McAlister W, Ratzan S,
Bussman Y, Haymond M, Shackelford G, 61.
Weldon V: Decreased cortical thickness
and osteopenia in children with diabetes
mellitus. J Clin Endocrinol Metab 45:845- 62.
48, 1977

