
Diabetes Control and Growth Hormone:
New Insights
William v. Tamborlane, M,D. stimulation with GH-releasing factor Recent studies of CSII have
Associate Professor of is normal when diabetics are hyper- clearly demonstrated that inade-

Pediatrics glycemic, but not when they have quate insulin replacement results in
Yale University School of normal plasma glucose con centra- a defect in IGF-I synthesis. Not only

Medicine tions. On the other hand, hyper- were IGF-llevels reduced in poorly
New Haven, Connecticut secretion of GH has been observed controlled diabetic patients, as
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Type I diabetes is characterized by <X2-adrenergic agonist), but does metabolic control. Lanes et al
a variety of metabolic and hormonal not affect the pituitary response to showed that IGF-I response to ex-
abnormalities in addition to hyper- GH-releasing factor. ogenous GH administration was
glycemia. Elevations in plasma Deranged hypothalamic regula- blunted in poorly controlled diabet-
growth hormone (GH) levels fre- tion of GH secretion in diabetes may ics when compared to the response
quently have been observed in Type be more selective than the above in relatively well-controlled subjects.
I diabetics, but the mechanisms by might indicate. For example, Simon- In contrast, metabolic control of
which these elevations occur have son et al used a modification of the diabetes appears to have little effect
been difficult to establish. Argu- insulin clamp procedure to study the on IGF-II values. IGF-lllevels have
ments that GH hypersecretion plays effects of improved metabolic con- been reported by Amiel et al to be
a role in perpetuating the metabolic trol with CSII on the GH response to normal in both adults and adoles-
derangements of diabetes have hypoglycemia, the classical hypo- cents with diabetes, and no change
waxed and waned in popularity. The thalamic stimulus, Surprisingly, the in mean values was noted after CSII.
introduction of intensive insulin GH response to a lowering of However, in the latter study, four of
treatment regimens and other new plasma glucose from 90 to 50 mg/dL 19 patients with very low IGF-llevels
in vivo techniques has provided was normal when the patients were also had depressed IGF-II concen-
considerable information about the poorly controlled and suppressed to trations (which returned to normal
complex interrelationships between subnormal values after eight months with improved metabolic control).
metabolic control of diabetes and on CSII. Thus, except in the most severely
GH secretion and action. Studies in affected patients, compensatory in-
these areas have produced results Influence of Metabolic Control creases in GH appear to be suffi-
that have implications concerning on Insulin-Like Growth Factors cient to maintain adequate IGF-II
GH regulation in nondiabetic sub- Because GH levels tend to be in- production,
jects as well, creased rather than reduced in

poorly controlled diabetes, investi- Influence of GH on Metabolic
Influence of Metabolic Control gators began to look for possible Control
on GH Secretion diabetes-induced defects in other Hypersecretion of GH may also help
Hansen was the first to show revers- circulating growth factors, particu- perpetuate the metabolic derange-
ibility of GH hypersecretion in re- larly insulin-like growth factor I (IGF- ments of diabetes to a much greater
sponse to exercise by intensive I), Early studies in diabetics receiv- extent than is generally appreci-
treatment with multiple injections of ing conventional treatment yielded ated. In a recent study, Press et al
insulin. Similarly, basal and post- contradictory results, with normal, administered exogenous GH as
exercise GH concentrations have elevated, and reduced levels of IGF- hourly intravenous pulses to a group
been restored to normal following I being reported. These dis- of diabetics who were optimally con-
continuous subcutaneous insulin in- crepancies may have resulted from trolled with CSII, Prior to GH admin-
fusion (CSII) treatment, which also differences in methodologies (eg, istration, mean 24-hour plasma glu-
normalized the elevated mean bioassay v radioimmunoassay), cose and GH levels were within the
24-hour GH concentrations, variability in the level of diabetic normal range. However, when se-

Several studies have tried to as- control, and failure to account for the rum GH was raised to levels seen in
certain the level at which diabetes increase in IGF-I that accompanies poorly controlled patients, a pro-
affects central regulation of GH se- normal pubertal development. gressive rise in plasma glucose was
cretion. Although there is little evi- Thus, it is noteworthy that Blethen et observed, Surprisingly, the hyper-
dence to suggest that metabolic al recently found a negative cor- glycemia was primarily due to a
control of diabetes directly influ- relation between glycosylated he- marked stimulation of hepatic glu-
ences the pituitary, indirect effects moglobin and age-adjusted IGF-I cose production. GH is usually
have been demonstrated. For ex- values in conventionally treated ad- thought to increase glucose con-
ample, the pituitary response to olescents with diabetes, centrations in diabetics, as in non-
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.causes of growth retardation. Blood
diabetics, by inhibiting glucose up- perinsulinemic insulin clamp tech- was obtained from eight diabetic
t~ke in peripheral insulin-sensitive ~ique. I~ should be noted that in.su- patients before and after one week e
tissues. Iin-medlated glucose metabolism of CSII. Numbers of BFU-E-derived

The adverse metabolic effects of was reduced in diabetic patients colonies were not different from
GH demonstrated in this study were and healthy children with the onset normal during conventional treat-
not confined to plasma glucose lev- of puberty. Furthermore, the degree ment, but increased sharply after
els. Levels of circulating fatty acids, of insulin resistance was directly one week of CSII. These changes in
ketones, and branched-chain ami- correlated with mean 24-hour GH the in vitro cellular growth are strik-
no acids were also increased. concentrations. ingly similar to the long-term effects
Therefore, GH elevations can them- of intensive treatment on linear
selves produce the entire spectrum Influence of Metabolic Control growth in adolescents. The ability to
of abnormalities associated with on Linear Growth detect very rapid changes in cellular
poor diabetic control, despite previ- The observation that most con- growth with the BFU-E assay illus-
ously optimized insulin treatment. It ventionally treated diabetic children trates the primary importance of im-
follows that some of the metabolic appear to be growing at a normal provements in fuel metabolism.
benefits of more intensive insulin rate despite a host of metabolic and
regimens may be derived from GH- hormonal derangements is a tes- Summary
lowering effects. tament to compensatory mecha- Viewed together, the observations

The "dawn" phenomenon is a sig- nisms that help sustain growth. presented in this article have impor-
nificant cause of glycemic lability However, Tattersall and Pyke found tant clinical implications. In the
in insulin-dependent diabetics. that patients who had developed poorly controlled diabetic patient, a
Plasma glucose and basal insulin diabetes before puberty were vicious cycle-whereby hyperse-
requirements vary considerably shorter as adults than their non- cretion of GH acts as a com-
during the night. Both reach a nadir diabetic identical twins. The view pensatory response to a reduction
between 2 and 4 AM and then rise that diabetic children may not be in IGF-I-may become established.
together as daylight approaches. It achieving their full growth potential The associated rise in GH causes a
was originally thought that these is supported by studies that employ worsening of metabolic control, fur-
changes reflected diurnal fluctu- intensive treatment. Adolescents ther impairing the somatotropic ac-
ations in plasma cortisol. However, with diabetes-even those with tion of GH. The efficacy of intensive
a delayed anti-insulin effect exerted normal stature and apparently nor- treatment may be due to an inter- 8
by the early nocturnal surges of GH mal growth rates on conventional ruption of this cycle that lowers cir-
may be a more likely explanation; therapy-show a sharp increase in culating GH concentrations. Nor-
however, not all investigators agree growth velocity during treatment malization of hormonal milieu and
with this concept. with either CSII or multiple 1njec- improvement in growth rates are as-

Diabetes in adolescents is partic- tions. sociated with good diabetic control.
ularly difficult to control. Although Although it is attractive to specu- Consequently, physicians should
control problems are usually attri- late that the increased growth seen make every reasonable effort to
buted to psychosocial and dietary in well-controlled adolescents is the normalize glucose metabolism in ju-
factors, the hormonal changes of result of optimized therapy, such an venile diabetic patients. For those
puberty might also playa role. If interpretation is limited by difficul- interested in reading further about
such is the case, the puberty- ties in assessing growth velocity the role of insulin in growth, an ab-
associated rise in GH would be ex- changes during puberty. To exam- stract entitled "Insulin as a Growth
pected to be a contributing factor. In ine this further, we used a clonal Factor" appears on this page.
a recent study, insulin sensitivity stem cell assay for proliferation of
was determined in preadolescents erythroid progenitors (burst forming
and adolescents, with and without units-erythroid [BFU-E]) to deter- References are available upon re-
diabetes, using the euglycemic, hy- mine the effect of CSII on cellular quest to Dr. Blizzard.

Insulin as a Growth Factor
In their review, Hill and Milner dis- Disordered growth consequent to the action of insulin, one for IGF-I,
cuss various aspects of insulin's insulin dysfunction is frequently as- and one for IGF-II. When stimulated,
capability to promote growth (see sociated with a parallel change in each of these is capable of inducing
related article by Tamborlane and circulating levels of IGF, suggesting mitogenesis, and each is capable of
Amie! on page 5 of this issue). a direct or indirect modulation of IGF accepting the other two growth fac-

Insulin does influence in vivo production by insulin. tors if it is not already "occupied" by
growth. Although growth hormone The similarity in structure between its primary growth factor. The au- e
(GH) is largely responsible for the the IGFs and insulin allows low affin- thors emphasize that insulin, there-
rise and fall of insulin-like growth ity binding between insulin and IGF fore, may exert direct mitogenic ac-
factor I (IGF-I), other factors also' receptors and vice versa. There are tion-and consequently, growth-
playa role, including insulin itself. three individual receptors: one for through either insulin or IGF recep-1111111~=c 
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