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G

rowth hormone may be related to the long-term
complications of the diabetic state, in particular
to microvascular disease.1"4 Although characterization of its secretion in diabetes is
important, such characterization in the past has actually
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yielded extremely variable results.5"10 Any investigation of
growth hormone secretion is susceptible to multiple sources
of bias. Diabetics, in particular, who are newly diagnosed,
hospitalized, and acutely ill subjects, cannot be assumed
comparable to diabetics functioning in everyday life. The
studies of growth hormone reported in this paper were
designed to examine the physiologic patterns of growth
hormone secretion in diabetics who were clinically stable.
METHODS

In order to avoid bias in case-control selection, diabetic and
normal control subjects for this study were selected from
patients that required routine histories and physicals.
None were acutely ill or hospitalized; all were functioning
well in society. A total of 58 diabetics between the ages
of 18 and 68 and 38 controls of a comparable age span
were studied. Subsequent histories indicated that 18
patients had classic juvenile-onset diabetes. This diagnosis
was based on onset of diabetes (a) before age 10 in 10
patients and (b) before age 20 in four additional patients.
Four diabetics with onset of their disease between ages 30
and 40 were placed in the juvenile-onset category on the
basis of onset with ketoacidosis, demonstrable episodes
of acidosis that followed the initial diagnosis, and a
firm history to indicate an absolute medical need for
exogenous insulin that began and persisted after the initial
discovery of the diabetic state. Forty diabetics with
adult-onset diabetes were identified. Subjects placed in
this category met the following qualifications: (a) they
were not hospitalized for ketoacidosis in the first three
years of their disease and (b) they required no insulin
for management for periods varying from 3 to 17 yr after the
initial diagnosis of diabetes. At the time of the study,
however, 28 of the latter subjects were receiving exogenous
insulin treatment.
Each patient was admitted, after giving informed consent,
to the Clinical Research Center at the University of Florida.
Patients were admitted on the afternoon or evening before
the 24-h study period. On the day of the study, an indwelling catheter or scalp vein needle was inserted at 0800
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SUMMARY
Although the secretion of growth hormone (GH) is widely
accepted as being increased in diabetes mellitus, this
conclusion appeared to us to be the result of bias in case
selection. Newly diagnosed and hospitalized diabetics
cannot be assumed as representative of the clinically
stable diabetic state. In view of the postulated
importance of growth hormone to the vascular
complications of diabetes, we re-examined this problem
in 58 clinically stable diabetics and 38 age-matched
controls. GH was measured in serum samples collected
hourly during a 24-h period of normal activity.
Control and clinically stable diabetic subjects of
normal weight had similar mean serum GH
concentrations for 24 h. In subjects of normal weight,
values were 4.4 ± 0.6 ng/ml for women of the control
group and 4.0 ± 0.8 ng/ml for diabetic women (P = NS)
and values in men were 2.4 ± 0.3 ng/ml in controls
and 2.1 ± 0.3 ng/ml in diabetic men (P = NS). Obese
controls and obese diabetics had similar, but
significantly lower values than nonobese subjects.
When hyperglycemia (125 mg to 175 mg/dl) was
induced in 12 control subjects for 24 h, glycemia
was obtained comparable to that seen in a select
group of nine diabetics. Mean serum concentrations
of GH were significantly less in the glucose-infused
controls than in both euglycemic controls and diabetics.
These data do not support an absolute increase of
circulating GH in stable diabetics; GH levels appear to
be normal in this group but inappropriate for the level
Of glycemia. DIABETES 28:308-312, April 1979.
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and the first serum sample was collected. The scalp vein
needle was placed at the wrist; antecubital veins were not
used unless absolutely necessary in order to provide
maximum mobility to the subject. Two diabetics and three
controls required a second venipuncture for adequate
sampling. Food intake and activity during the 24-h period
were at the discretion of each patient; all subjects, however, were encouraged to maintain a level of activity
and a diet comparable to that observed during their
usual life routine. Bedrest was not permitted from 1000 to
2000 h, unless this formed a normal part of the patient's
daily routine.
Twelve of the control subjects (eight of normal weight and
four obese) were admitted on a second occasion, and a
similar study was performed, in which hyperglycemia was
maintained at between 125 and 175 mg/dl. Hyperglycemia
was attained by means of a continuous infusion of D20W
and D10W (dextrose 20 g/dl and 10 g/dl, respectively,
in water).
Blood samples were collected hourly and centrifuged;
the serum was then stored at -20°C until analysis. Serum
glucose was measured by a glucose oxidase method,
with the variation between duplicate samples not exceeding 1.5 mg/dl; serum free fatty acids were determined by
a colorimetric technique.12-13 Serum growth hormone was
measured by a single antibody technique using Wilhelmi
growth hormone HS2019G as a standard and a charcoal
separatory technique.14-15 Samples were assayed in duplicate with an appropriate control for each sample. Recovery
studies indicated an ability to detect 0.25 ng/ml in 100%
of recovery experiments and 0.15 ng/ml in 85% of such
studies. In sera totally devoid of GH, 7.0% gave readings
between 0.10 and 0.25 ng/ml and none exceeded 0.25
ng/ml. The intra-assay coefficients of variability were 10.2%
at 0 to 0.5 ng/ml, 8.6% at 1 to 2.5 ng/ml, 4.2% at 2.5 to 5
ng/ml, and 4.0% at 5 to 12.0 ng/ml. More importantly, in
each assay, sera from a similar number of control and
diabetic subjects were measured, and the same 10 internal
sera standards were used for the final adjustment of each
curve. Normal and diabetic groups were compared by
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FIGURE 2. Subjects > 20% of ideal body weight are excluded from the
comparison initially made in Figure 1. The broken line at 2.5 ng/ml
is made arbitrarily to emphasize the similarity of nonobese diabetics
and nonobese controls and the sex variation within each group.

means of Student's t test. Rank analysis was applied to
individual data.
RESULTS

Figure 1 shows the mean serum concentration of growth
hormone over 24 h for each individual—normal and diabetic. Mean serum concentrations of growth hormone are
also given for the 12 normal subjects infused with glucose.
Rank analysis of the individual data shown in Figure 1
failed to show a significant difference of growth hormone
secretion in diabetics as compared with controls; however,
since there was a higher incidence of obesity (20% or
greater than ideal body weight) in the diabetics than
in normal controls, comparisons were made also in subjects
of similar weight. Ideal body weight was defined from the
Metropolitan Life tables utilizing the appropriate frame
value. Figures 2 and 3 show the individual data expressed
for nonobese and obese subjects, respectively. When
FIGURE 3. Mean serum concentrations of GH over 24 hours are
shown for obese controls and obese diabetics only. No significant
difference existed between controls and diabetics, and no sex variation
could be detected.
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FIGURE 1. The mean serum concentrations of GH during 24 h are shown
for 38 normal and 58 diabetic men and women. The mean value for
each individual was obtained from samples collected hourly.
Glucose-infused controls received 010W and D20W for 24 h.
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FIGURE 4. Mean serum concentrations of GH over 24 h are shown for
nonobese adult-onset and juvenile-onset diabetics. The comparison
involved only male subjects. No significant difference occurred
between controls and diabetics.

only nonobese subjects were compared, mean serum
concentrations of growth hormone over 24 h were similar
in diabetics and controls. There was also a significant
difference of growth hormone between women and men—
both normal and diabetic—which was not evident in the
initial comparison. Because of the high incidence of
obesity in the diabetic women with both adult-onset and
juvenile-onset types of diabetes, a comparison was not
possible within this group. In men, no significant difference
in growth hormone levels was noted in subjects with
juvenile-onset and adult-onset types of diabetes (Figure 4).
Mean data, calculated from the individual results illustrated in Figures 1-4, likewise indicated the similarity of
diabetics and normal controls. The mean serum growth hormone concentrations for all controls and all diabetics
irrespective of weight were, respectively, 2.1 ± 0.3 ng/ml
and 1.6 ± 0.3 ng/ml (X ± SEM) (P = NS). The mean values
for all control and diabetic women were, respectively,
3.2 ± 0.5 ng/ml and 2.1 ± 0.5. In subjects of normal
weight, values were 4.4 ± 0.6 ng/ml for women of the control
group and 4.1 ± 0.8 ng/ml for diabetic women (P = NS);
values in men were 2.4 ± 0.3 ng/ml in controls and 2.1
± 0.3 ng/ml in diabetic subjects (P = NS).
In the 12 normal subjects (eight of normal weight and
four obese) whose growth hormone concentration was
monitored for 24 h while they were hyperglycemic,
the concentration in serum never exceeded 1.5 ng/ml; the
mean serum concentration of growth hormone in this group
was less than 0.6 ng/ml, significantly less than both
normal and diabetic values (P<0.01). The mean serum
glucose concentration in the infused controls was 148
± 12mg/dl.
GLUCOSE AND GROWTH HORMONE SECRETION
An attempt was made to correlate changes of serum
glucose concentration with periodic increases of growth
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DISCUSSION

Although growth hormone is thought to contribute to the
pathogenesis of diabetic microvascular disease, its secretion in clinically stable diabetics has not been characterized adequately. Previous studies of growth hormone
secretion in diabetics have either examined secretion
after nonphysiologic stimuli or selected patients not typical
of the general diabetic population.
Garlaschi could find no difference of growth hormone
secretion in 22 diabetics and 19 controls after maximal
exercise, whereas Vigneri found increased growth hormone
in serum in poorly controlled diabetics and normal values
when more adequate control was established.5-8 Hansen
reported growth hormone secretion increased in diabetics
both after severe exercise and during a typical 24-h period.
The latter patients, however, were newly diagnosed and
not restudied after a clear-cut establishment of a stable
state.6>7>9>1° The time required for the clear-cut establishment
of a clinically stable state after diagnosis has not been
established, and it is doubtful if this can be determined
merely by assessing glucose control. It appeared to us,
in reviewing such data, that elevated concentrations of
growth hormone in diabetics probably reflected simple,
associated stress or illness, since these occur in nondiabetics as well.16*17
To avoid the pitfalls in the previous approaches of
characterizing growth hormone secretion in diabetics,
we gave close attention to the selection process for
both patients and controls. The cases were selected from
the most natural group available—diabetics functioning
in society in their usual state of control. Controls were
chosen in the same manner. No prior attempt was made
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hormone concentration in serum. In control and diabetic
subjects, 50% of all concentrations of growth hormone
greater than 5 ng/ml occurred between 0800 and 2200. In
the period 2200 to 0800, in which fluctuations of serum
glucose were spontaneous and not related to food ingestion, no correlation existed between changes of serum
glucose and growth hormone. These data were analyzed by
the chi square test.
In control subjects receiving a glucose infusion,
serum glucose fluctuated between 125 and 175 mg/dl.
Figure 5 shows three representative control subjects who
were made hyperglycemic by a glucose infusion. The remainder of the control subjects studied in this manner
showed a similar pattern. In all cases, growth hormone
remained suppressed despite fluctuations in blood sugar.
The relationship between serum growth hormone concentrations and overall glycemia is compared in Figure 6.
In the normal individuals, the mean increase of glucose
over the fasting value for 24 h was 5.76 ± 1.32 mg/dl. For
diabetics with fasting serum glucose greater than 120
mg/dl, the mean increase was 105.4 ± 13.6 mg/dl; for
diabetics with fasting serum glucose less than or equal to
120 mg/dl, the mean increase was 48.1 ± 14.2 mg/dl. A
mean increase of glucose similar to the latter group of
diabetics was obtained in controls infused with an intravenous infusion of glucose. However, unlike the latter
diabetics, growth hormone secretion in the controls was
totally suppressed by this level of hyperglycemia (Figure 6).
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to screen for degree of obesity. No subject was acutely
ill, and, during the study period, conditions were maintained as close as possible to the individual's usual
routine. With the sample population chosen as indicated,
the following conclusions seem reasonable:
(a) In nonobese diabetics and controls, mean serum
levels of growth hormone are virtually identical, and a
prominent variation in GH between men and women is
noted in both groups.
(b) Obese diabetics and obese controls have similar,
but significantly lower, serum concentrations of growth
hormone over 24 h than do subjects of normal weight.
Obesity exerts a more profound influence over growth
hormone secretion than does the difference between sexes.
(c) There appears to be no difference in the levels of
growth hormone between juvenile-onset and adult-onset
diabetics; however, because of obesity in diabetic women,
this analysis could be made only for men.
(d) The mean serum growth hormone concentration is
greater in diabetics than in control subjects who have a
similar level of hyperglycemia induced by glucose infusion. This inappropriateness of growth hormone concentration to the level of glycemia is consistent with a
resetting of the mechanism controlling growth hormone
secretion, a situation analogous to that reported for glucagon in diabetics. 18 Adaptations to hyperglycemia, however, probably require more than 24 h, and more chronic
experiments would be required to validate this point.
(e) Growth hormone levels in the diabetic are not maintained by periodic decreases of blood glucose acting as a
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24
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HOURS

stimulus for the secretion of growth hormone. Although
such a relationship has been suggested, 19 no increase of
growth hormone concentration exceeding 1.5 ng/ml was recorded in 12 control subjects whose hyperglycemia
fluctuated between 125 and 175 mg/dl (see Figure 5). In
diabetics, no consistent relationship existed between
FIGURE 6. The mean increase of glucose over basal is shown
by the shaded bars and the mean serum GH concentration over
24 h by the solid bars. SEM are indicated. Note the similarity
of glucose values in glucose-infused controls and diabetics with
FBS m 120 mg/dl.
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FIGURE 5. The glucose and GH concentrations
in serum at hourly intervals are shown for three
representative controls who received D,0W
and D20W for 24 h. Additional controls were
similar.
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growth hormone concentrations in serum and prior changes
of serum glucose concentration.
We believe these data may bear on the manner in which
growth hormone could contribute to the complications of
diabetes; at the very least, they do provide for some
clarity in a hitherto confused area of facts and speculation. For example, explanations for the development of
diabetic complications based on hypersecretion of growth
hormone are, actually, unsupportable by clinical data on
close examination. Diabetic complications are rare in
acromegalics. If, however, the more critical factor is an
inappropriate relationship between growth hormone and
hyperglycemia,'then the latter observation becomes rational, i.e. frank diabetes with elevated fasting blood
glucoses is uncommon in acromegalics.
There are several possible mechanisms by which an
inappropriate relationship between GH and glycemia could
contribute to diabetic complications. There is, for example,
evidence that aberrations exist in several structural and
circulating glycoproteins in diabetics. This has been described for proteins of the capillary basement membrane
and it is reported for circulating glycoproteins, some of
which, like haptoglobin, contribute substantially to blood
viscosity.20-21 It is conceivable that growth hormone
secretion, when unsuppressed in a chronic hyperglycemic
state, contributes to glycoprotein abnormalities by the
dual mechanism of maintaining protein synthesis at a
high rate and inducing preferential shunting of glucose
through metabolic pathways favoring hexose incorporation
into glycoprotein. We are not aware of definitive data on
the first alternative, but data from Winegrad would strongly
support the latter possibility.22
Lastly, we believe these studies underscore the importance of proper recognition of aberrations of the
clinically stable diabetic state as contrasted with sporadic
abnormalities occurring in diabetics. It is reasonable to
postulate that the long-term complications of diabetes
will relate to consistent metabolic abnormalities of the
stable diabetic rather than to aberrations that occur only
sporadically.

