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Growth hormone (GH) has insulin-antagonistic effects, and GH secretion is augmented during fasting and hypoglycemia. In
the present study, 10 patients aged 21 to 28 years with childhood-onset GH deficiency (GHD) were studied during a 24-hour
fast and a hypoglycemic glucose clamp before and after 8 months of GH replacement. During the 24-hour fast, blood glucose,
serum insulin, and serum free fatty acid (FFA) levels were measured. In the hypoglycemic clamp, the counterregulatory
hormones (plasma catecholamines, serum glucagon, and serum cortisol), serum insulin-like growth factor {IGF) binding
protein-1 (IGFBP-1), serum FFA, and glucose uptake were measured. The GH dose was adjusted to the response of serum IGF-1,
and the median GH dose was 0.14 IU/kg/wk (range, 0.08 to 0.19). At the end of the study, serum IGF-I levels were normalized in
all but one patient, in whom serum IGF-l was above the normal range. Nine months of GH treatment did not cause any
significant changes in the blood glucose level, insulin to glucose ratio, or serum FFA level during the 24-hour fast, and none of
the patients experienced hypoglycemia either before or after GH treatment. However, GH therapy resulted in increased insulin
resistance during hypoglycemia, without changes in the counterregulatory hormonal responses, serum IGFBP-1, or serum

FFA.
Copyright © 1999 by W.B. Saunders Company

ROWTH HORMONE (GH) has insulin-antagonistic ef-
fects and is normally released in response to stress,
fasting, and a rapid decline in blood glucose.b? Children with
GH deficiency (GHD) have an increased risk of fasting
hypoglycemia,®> but with increasing age and height, the risk of
hypoglycemia appears to be reduced.® Recently, it was sug-
gested that adults with childhood-onset versus adult-onset GHD
were somatically underdeveloped,’ being shorter and having a
lower lean body mass since glucose turnover is correlated with
lean body mass,? it would be of interest to investigate whether
adults with childhood-onset GHD have low blood glucose
levels during fasting. In adult-onset GHD patients without GH
substitution compared with normal subjects. changes in glucose
and fuel metabolism have been documented,® but in patients
with childhood-onset GHD, corresponding studies have not
been performed.

GH replacement to adult GHD patients resulted in an
increase in insulin resistance® and overnight fasting blood
glucose levels,1%12 possibly through the strong lipolytic effect
of GH to cause an increase in free fatty acids (FFAs), which
inhibit insulin-stimulated peripheral glucose uptake.! In GHD
patients, the duration of GH treatment seems to influence the
increase in FFA levels,®!* and probably also the GH dose.
Furthermore, fasting is shown to increase the lipolytic respon-
siveness to GH in healthy subjects.!> Hitherto, the effect of GH
substitution on FFA levels during more prolonged fasting has
only been investigated in GHD dwarfs.!6

Maintenance of a normal glucose concentration is crucial to
survival, and a rapid decrease in blood glucose causes the
release of counterregulatory hormones: glucagon, catechol-
amines, cortisol, and GH.}” Following hypoglycemia, there is
also a rapid increase in serum insulin-like growth factor binding
protein-1 (IGFBP-1).!® which modulates the free fraction of
insulin-like growth factor-I (IGF-1),' suggesting that IGFBP-1
has a counterregulatory role in glucose homeostasis.® GH
prevents hypoglycemia via its insulin-antagonistic effects mainly
in the peripheral tissues,?! and it has been shown that subjects
with GHD recover more slowly from hypoglycemia.’?> How-
ever, it is not known whether the effect of GH during
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hypoglycemia is a direct effect or an indirect effect. eg, via
changes in counterregulatory hormonal responses or FFA
levels.

The aim of the present study was to assess whether young
adults with childhood-onset GHD have a risk of fasting
hypoglycemia, as well as to determine if individualized GH
replacement increases blood glucose, serum insulin, and serum
FFA levels during fasting or influences insulin resistance during
hypoglycemic conditions.

SUBJECTS AND METHODS
Patients

Ten patients (e1ght men and two women) with childhood-onset GHD
were studied. Three patients had isolated GHD, and seven had multiple
pituitary deficiencies Patient characteristics are shown in Table 1. All
patients were treated with GH during childhood. The median time of
GH therapy discontinuation before the study was 7 years (range, 5 to
10). When required, the patients received stable replacement therapy for
at least 6 months before the study with glucocorticoids (cortisone
acetate 10 to 30 mg/d). thyroid hormone (levothyroxine 0.1 to 0.2
meg/d), antidiuretic hormone analog (desmopressin 0.2 to 1.6 mg/d
orally), and gonadal steroids (in men, testosterone enanthate 250 mg
every 3 to 4 weeks mtramuscularly). One of the female patients received
treatment with conjugated estrogen (0.625 mg. days 1 to 21) plus
medroxyprogesterone acetate (10 mg. days 11 to 21). The other female
patient had no gonadal insufficiency but used oral contraceptives
(levonorgestrel plus ethinylestradiol).

Studv Design

The study used an open design. The patients were studied during a
24-hour fast and in a hypoglycemic clamp model before and after 9
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Table 1. Clinical and Endocrine Characteristics of Patients With Childhood-Onset GHD at Inclusion in the Study (N = 10)
Patient Age Hormone Height Weight BMI GH Peak During
No. Sex {yr) Diagnosis Replacement (em) (kg) (kg/m?) Hypoglycemia {miU/L)
1 M 28 Craniopharyngioma C/T/G/ADH 177 78 24.9 <0.1
2 M 27 Suprasellar cyst C/T/G 167 101 36.2 <0.1
3 M 27 Prolactinoma T/G 174 71 23.5 0.1
4 M 21 Optic glioma — 162 70 26.7 1.6
5 M 26 Idiopathic hypopituitarism C/TIG 172 70 23.7 <0.1
6 M 25 Craniopharyngioma C/T/G/ADH 189 124 34.7 0.1
7 M 27 Craniopharyngioma C/T/G/ADH 178 81 25.6 <0.1
8 M 21 Idiopathic GHD 161 87 33.6 <0.1
9 F 27 Idiopathic hypopituitarism T/G 158 54 21.6 0.1
10 F 22 ldiopathic GHD 160 79 30.9 0.9
Median 27 170 79 26.2 0.1
Range 21-28 158-189 54-124 21.6-36.2 <0.1-1.6

Abbreviations: C, cortisone acetate; T, levothyroxine; G, gonadal steroids; ADH, antidiuretic hormone analog.

months of GH treatment. To adjust for the influence of gonadal steroids
on insulin sensitivity,23?* the 24-hour fast and the hypoglycemic clamp
were performed with the same time interval after a given injection of
testosterone in men and in the same phase of the female gonadal
hormone substitution. Serum levels of IGF-I and thyroid hormones and
body composition were measured before and after 1.5, 3, 6, and 9
months of GH treatment. Before GH treatment, all patients but two had
subnormal serum IGF-I (median, 51 ug/L; range, <20 to 172) (Table 2).
After 9 months of GH treatment, serum IGF-I levels were normalized in
nine patients and above the normal range in one (median, 275 pg/L;
range, 148 to 506).

Replacement therapy with glucocorticoids, levothyroxine, and sex
hormones was kept constant during the study in all patients except one
(patient no. 5), in whom the levothyroxine dose was increased from 0.15
mg/d to 0.20 mg/d due to a low serum free thyroxine (T,) concentration.
Median serum thyrotropin (TSH) was 0.2 mU/L (range, <0.01 to 3.5)
before GH treatment and 0.08 mU/L (range, <0.01 to 2.5) after 9
months of GH treatment. Median serum free T4 and free triiodothyro-
nine (T3) before GH therapy were 14.6 pmol/L (range, 11.0 to 24.0) and
5.2 pmol/L (range, 4.2 to 6.3), respectively, and after 9 months of GH

Table 2. Individual Final GH Dose and Changes in Serum IGF-l, Body
Insulin Resistance, and Percentage Body Fat Mass in Patients With
Childhood-Onset GHD After 9 Months of GH Treatment (N = 10)

Change in Change in
Final Serum IGF-| Whole-Body Percentage
Patient  GH Dose Before/After Resistance Measured  Body Fat
No. {IU/kgrwk) GH {pg/L) by BIA (%) Mass {%)
1 0.18 35/231 -11.6 -1.0
2 0.10* 30/148 -10.7 -4.9
3 0.107 140/372 -74 —-3.2
4 0.14 172/506 -104 —4.2
5 0.14 82/231 —8.7 -23
6 0.09 38/331 +1.2 —2.5
7 0.17 <20/375 -9.7 -6.6
8 0.08 83/229 +0.2 -1.6
9 0.19 <20/313 -8.9 —-2.6
10 0.18 63/236 —22.6 —-5.5
Median  0.14 51/275 ~9.3 ~2.9
Range 0.08-0.19 <20-172/148-506 +1.2--22.6 —-1.0-—6.6

NOTE. The reference range for serum IGF-1 for adults aged 21-28
years is 129-385 pg/L.

Abbreviation: BIA, bioelectric impedance analysis.

Dose reduction due to *edema and tarthralgia and edema.

treatment, 15.5 pmol/L (range, 11.0 to 23.0) and 5.4 pmol/L (range. 3.5
to 8.4), respectively.

The study protocol was approved by the Ethics Committee of Lund
University.

Body Mass Index and Body Composition

The body mass index (BMI) was calculated as body weight in
kilograms divided by height in meters squared. Body composition was
measured 1n the supine position by bioelectric impedance analysis
(BIA) using the BIA 101-S technique (RJL Systems, Detroit, MI). A
50-KHz, 800-pA current was applied.

24-Hour Fast

Before each fasting period (8 AM to 8 Am), the patients were served
their ordinary breakfast and any medication was taken at the usual
times. Blood glucose levels were measured at 10 aM, 2 PM. 6 PM, 10 PM,
12 midnight, and 2. 4, 5, 6, 7, and 8 AM. Serum levels of insulin and FFA
were measured at 10 AM, 5 AM, and 8 AM. At the same time points, to
adjust for differing glucose levels and to evaluate the degree of insulin
resistance, the insulin to glucose ratio was calculated.

Hypoglycemic Clamp

The patients fasted since 8 pM the evening before the investigation.
Before the start of the clamp at 8 aMm, they took their ordinary moming
medication. One vein was cannulated for blood sampling, and one vein
was cannulated in the contralateral arm for infusion of insulin and
glucose. Insulin was infused at a constant rate of 2.5 mIU/kg/min. By a
graded infusion of 20% glucose. blood glucose was decreased for 46 to
80 minutes (mean, 64.8) to a nadir of 2.10 * 0.10 mmol/L (phase A)
(Fig 1). Blood glucose was then kept constant at a level of 2.28 *+ 0.11
mmol/L for 45 minutes (phase B). After the 45-minute plateau phase,
the insulin infusion was stopped. After 9 months of GH treatment, the
hypoglycemic clamp was repeated. Glucose uptake (M) was calculated
for each patient during phase A and phase B before and after GH
treatment as the glucose infusion rate (I) + glucose space correction
(8).% Plasma epimephrine and norepinephrine, serum cortisol (in
patients without cortisol substitution), and serum glucagon levels were
measured before the start of the clamp and after 45 minutes of
hypoglycemia. Serum levels of IGFBP-1 and FFA were measured
before the start of the clamp, at the start of phase B, and after 45 minutes
of hypoglycemia.

GH Treatment

Biosynthetic human GH (Genotropin; Pharmacia & Upjohn, Stock-
holm, Sweden) was administered mn the evening by subcutaneous
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Fig 1. Blood glucose concen-
tration (mmol/L) before and af- 1 ]
ter the decrease of blood glucose A B
(A) and during hypoglycemia (B) in
10 patients with childhood-onset 0
GHD before (O) and after (B} GH + + t —+— + J
treatment for 9 months, Values are 0 20 40 60 80 100 110

the mean + SD.

injection with a commencing dose of 0.5 IU/d. The dose was increased
over 2 weeks to 1.5 IU/d and thereafter adjusted to achieve normal
serum IGF-I levels. The median GH dose at the end of the study was
0.14 TU/kg/wk (range, 0.08 to 0.19). The individual final GH doses are
listed in Table 2.

Analytical Technigues

Except for serum GH, serum IGF-1, and thyroid hormones, which
were analyzed currently, samples were stored at —70°C until analysis.
Samples from before and after GH treatment were mixed and analyzed
in the same assay. Serum GH was analyzed by an immunofluorometric
method (Wallac Oy. Turku, Finland). At 4 mU/L, the interassay and
intraassay coefficient of variation (CV) was 4.3% and 5.0%, respec-
tively. Serum IGF-I levels were measured by radioimmunoassay after
formic acid—ethanol extraction (Nichols Institute Diagnostics, San Juan
Capistrano, CA). At an IGF-1 level of 87 pg/L, the intraassay CV was
3.6% and 1nterassay CV 9.1%, and at an IGF-I level of 200 pg/L, the
mtraassay CV was 1.9% and mterassay CV 7.9%. The detection level
for serum IGF-I was 20 pg/L, and the reference range for adults aged 21
to 28 years was 129 to 385 pg/L. Serum TSH and serum free T4 were
analyzed with an immunofluorometric technique (AutoDelfia; Wallac
Oy) Serum free T3 was analyzed by radioimmunoassay. The reference
range for serum free T, and free T3 was 9 to 22 and 3.4 to 7.2 pmol/L,
respectively. The serum msulin level was measured by a competitive
radioimmunoassay.® The intraassay CVs at different serum insulin
levels (18 to 157 mIU/L) were 7.1% or less and the detection level was 3
mlU/L. Plasma epinephrine and norepinephrine were measured by
high-performance liquid chromatography with electrochemical detec-
tion.”” The intraassay CV was 8% for epwnephrine and 5.6% for
norepinephrine. The serum cortisol level was measured by a radioimmu-
nological method (Orion Diagnostica, Espoo, Finland). The ntraassay
CV was 5% or less at serum cortisol levels of 95 to 800 mmol/L. The
reference range for serum cortisol at § AM was 200 to 800 nmol/L.. The
serum glucagon level was measured by a competitive radioimmunoas-
say.”® The intraassay CV was 24% at a serum glucagon level of 25
pmol/L, 16% at 64 pmol/L, and 21% at 160 pmol/L The serum
IGFBP-1 level was measured by radioimmunoassay (In-House Method:
Pharmacia & Upjohn), which is linearly correlated (r = .68) to a
previously published method® (Pharmacia & Upjohn, unpublished
data, October 1994) The mtraassay CV was 3.2%. Serum FFA levels
were measured by an enzymatic colorimetric method using a commer-
cially available kit (Wako Chemicals. Neuss, Germany). The CV for
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serum FFA was 2.7% or less. Venous blood glucose levels were
measured every 3 to 5 munutes during the hypoglycemic clamp with a
Yellow Springs Glucose Analyzer {Yellow Springs Instruments, Yellow
Springs, OH) and during the fast with a HemoCue Blood Glucose
Analyzer (HemoCue, Angelholm, Sweden)3® The mstrument was
controlled daily using a standard microcuvette and weekly using a
hemolysate (Eurotrol, Wageningen. The Netherlands) with known
glucose concentration.

Statistical Analysis

Data are presented as the median and range, except for blood glucose
levels during the 24-hour fast and the hypoglycemic clamp (mean = SD).
The area under the curve for glucose (AUC-glucose) during the 24-hour
fasting period was calculated using the trapezoidal method. Intraindi-
vidual comparisons of data before and after GH treatment were made
with the Wilcoxon matched-pair signed-rank test. The Mann-Whitney U
test was used for comparison of patients with and without corticotropin
(ACTH) deficiency. Univarniate correlations were assessed using Spear-
man’s rank order correlation test. Significance was set at a P level of .05
or less.

RESULTS
BMI and Body Composition

The BMI before GH treatment was 26.2 kg/m? (range, 21.6 to
36.2; Table 1), and there was no change in the BMI after GH
treatment (26.8 kg/m?; range, 21.6 to 38.0: P >.5). Nine
months of GH therapy reduced the whole-body resistance
measured by BIA (—9.3%, P = .01). and the percentage of
body fat mass decreased in all patients (—2.9%. P = .005)
(Table 2).

24-Hour Fast

Blood glucose. The lowest blood glucose level in any
patient before GH treatment was 3.3 mmol/L. GH therapy did
not cause any significant changes in blood glucose during the
fasting period (Fig 2), and the AUC-glucose did not change
significantly after GH treatment (Table 3). Even during the
night (12 midnight to 8 AM), no significant change in AUC-
glucose was observed after GH treatment (P > .5). There was a
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Fig 2. Blood glucose concentration {(mmol/L) during 24 hours of
fasting in 10 patients with childhood-onset GHD before (O} and after
(®) GH treatment for 9 months. Values are the mean + SD.

negative association, albeit not statistically significant, between
the percentage of body fat mass and AUC-glucose before
(r = —.52, P = .13) and after (r = —.50, P = .14) GH treat-
ment. There was no significant difference in AUC-glucose
between five patients with ACTH deficiency and five patients
with normal ACTH function before (P = .22) or after (P > .5)
GH treatment.

Insulin to glucose ratio. The insulin to glucose ratio
decreased significantly during the fasting period both before
and after GH treatment, but GH therapy did not significantly
change the ratio (Table 3).

Serum FFA. Serum FFA levels increased significantly dur-
ing the 24-hour fast both before and after GH treatment (Table
3). However, GH treatment did not cause any changes in FFA

Table 3. AUC-Glucose, Insulin to Glucose Ratio, and Serum FFA
Levels in Patients With Childhood-Onset GHD During a 24-Hour Fast
Before and After Nine Months of GH Treatment {N = 10)

Before GH After 9 Months of
Treatment GH Treatment
Parameter Median Range Median Range P
AUC-glucose (mmol/
L-h) 98.6 89.2-106.7 98.7 83.0-1124 .39
Insulin/glucose ratic
(mlIU/mmol)
10 am (2 hours of fast-
ing: 1) 5.0 27-31.6 3.0 1.7-24.9 .39
5 am (21 hours of
fasting} 1.3 0.7-28.8 1.3 07-23 .10
8 am (24 hours of fast-
ing: I} 1.3 0.7-4.8 1.1 0827 =5
P{l vil) .005 .005
Serum FFA {mmol/L}
10 AM (2 hours of fast-
ing: 1} 0.34 0.13-0.78 0.31 0.13-0.48 1
5 am (21 hours of
fasting) 0.57 0.32-0.72 0.61 0.25-0.79 >5
8 am (24 hours of fast-
ing: I} 0.72 0.38-0.85 0.67 0.32-0.80 =>.5
Pl vil) .008 .005
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concentrations. The percentage of body fat mass was not
associated with FFA levels after 24 hours of fasting either
before (r = .21, P >.5) or after (r = —.32, P=.37) GH
treatment.

Hypoglycemic Clamp

Glucose infusion rate and glucose uptake. GH therapy was
associated with a significant decrease in the rates of glucose
infusion and glucose uptake compared with baseline values in
both phase A and phase B (Table 4). There were no associations
between the percentage of body fat mass and the rates of
glucose infusion and glucose uptake during hypoglycemia
(phase B) before (= —.006, P> .5 and r=.16, P> 5,
respectively) or after GH treatment (r =.04, P> .5 and
r=.06, P> .5, respectively). The five patients with ACTH
deficiency were more insulin-resistant during phase B in
comparison to patients with normal ACTH function both before
(P = .06) and after (P = .22) GH treatment, but this was not
statistically significant.

Counterregulatory hormones. Plasma levels of epinephrine
and norepinephrine increased significantly during hypoglyce-
mia, and 9 months of GH treatment did not change these
responses. Serum cortisol increased in the five patients with
normal ACTH function before GH treatment, but GH therapy
had no significant effect on this response. Serum glucagon
levels increased significantly during hypoglycemia both before
and after GH treatment, with no significant difference in this
response after GH treatment (Table 5).

Serum levels of IGFBP-1 and FFA. Both before and after
GH treatment, serum IGFBP-1 and FFA levels decreased
significantly during hypoglycemia. No differences in these
responses were observed before versus after GH treatment
(Table 5).

DISCUSSION

In the present study, the effects of GH substitution were
investigated during conditions in which GH has pronounced
metabolic effects, ie, fasting and hypoglycemia. Nine months of
treatment with low-dose GH (median, 0.14 TU/kg/wk) in 10
young patients with childhood-onset GHD increased serum
IGF-I levels in all patients, without significant changes in blood
glucose levels, during a 24-hour fast. Furthermore, none of the
patients experienced hypoglycemia either before or after GH

Table 4. Glucose Infusion Rate and Glucose Uptake During the
Period of Reduction of Blood Glucose and During Hypoglycemia in
Patients With Childhood-Onset GHD Before and After 9 Months of

GH Treatment (N = 10)

Before GH After 9 Months
Parameter Treatment of GH Treatment
{mg/kg/min) Median Range  Median Range P
Phase A (blood glucose
reduction)
| 1.96 0.91-3.35 1.21 0.16-2.69 .02
M 6.36 4.37-8.86 5.79 3.51-8.41 .005
Phase B (hypoglycemia)
| 1.36 0.46-5.20 0.31 0-2.81 .005
M 1.02 0.03-4.31 0.14 -0.54-2.46 .01

Abbreviations: |, glucose infusion rate; M, glucose uptake.
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Table 5. Plasma Epinephrine and Norepinephrine and Serum Cortisol, Glucagon, IGFBP-1, and FFA Levels Before and During Hypoglycemia in
Patients With Childhood-Onset GHD Before and After 9 Months of GH Therapy

Before GH Treatment

After 9 Months of GH Treatment

Parameter Median Range Median Range P
Plasma eptnephrine (nmol/L, n = 9}*
Before hypoglycemia (1) 0.1 0.08-0.26 0.06 0.03-0.92
After 45 minutes of hypoglycemia (lIl) 4.88 1.16-7.41 3.41 0.99-8.30 >.5
P{lvill) .008 .008
Plasma norepinephrine {(nmol/L, n = 9)*
Before hypoglycemia (1) 1.43 0.23-2.85 1.30 0.45-2.76
After 45 minutes of hypoglycemia (Il1) 3.04 0.72-6.43 2.61 0.97-342 14
P{lvil) .008 008
Serum cortisol (nmol/L, n = b)
Before hypoglycemia (1) 357 250-582 547 209-641
After 45 minutes of hypoglycemia (ll1} 911 622-1,234 890 587-1,480 >.5
Pl vIIl) .04 .08
Serum glucagon {pmol/L, n = 10)
Before hypoglycemia (1) 39.5 27-47 36.5 27-68
After 45 minutes of hypoglycemia (Ill) 81.5 45-142 76.5 33-144 17
P{lvIl) .005 01
Serum IGFBP-1 (ng/mL, n = 10)
Before hypoglycemia (1) 8.1 5.0-20 4 12.0 3.5-23.6 .26
At start of hypoglycemia {H) 8.3 2.7-16.9 9.5 <1.8-18.2 >.5
After 45 minutes of hypoglycemia (1ll) 5.3 2.9-9.8 6.2 <1.8-15.0 >5
P
Ivii 17 .005
IvIil .005 .005
Serum FFA {(mmol/L, n = 10)
Before hypoglycemia (I} 0.39 0.22-1.16 0.56 0.11-0.71 >.5
At start of hypoglycemia (1) 0.16 0.06-0.34 0.19 0.07-0.28 >5
After 45 minutes of hypoglycemia (lIf} 0.15 0.12-0.42 0.20 0.14-0.20 .39
P
Ivil .009 .03
Ivill .01 .03

*Values are missing in 1 patient due to analytical problems.

treatment. However, in a hypoglycemic clamp model, a signifi-
cant increase in insulin resistance was observed after GH
treatment.

In children with GHD, hepatic glucose production is de-
creased,* and especially in young children, fasting hypoglyce-
mia is commonly observed.?? In adult GHD dwarfs without GH
substitution, 4 days of fasting caused hypoglycemia.'® How-
ever, in adults with GHD, only sporadic cases of hypoglycemia
have been reported.'? Glucose turnover is correlated with lean
body mass,® and compared with adult-onset GHD patients,
childhood-onset GHD patients have been found to be signifi-
cantly shorter and to show a significant decrease in lean body
mass.” However, in the present study, a 24-hour fast did not
result in hypoglycemia even at dawn. when the insulin-
antagonistic effect of GH is more pronounced.?! Children with
GHD can become hypoglycemic within 24 hours,? but in adult
GHD patients, this period might not be sufficient for the
development of spontaneous hypoglycemia.

Al-Shoumer et al®®> showed that compared with normal
subjects. adult-onset hypopituitary patients on cortisone replace-
ment therapy had low serum levels of cortisol throughout the
night,®* which could be of importance for the alterations in
glucose metabolism. In the present study, no difference was
found between patients with ACTH deficiency and those
without for AUC-glucose during 24 hours of fasting either

before or after GH replacement, but the small study group could
be of importance in this finding.

Except for one study. which investigated only overnight
fasting levels of glucose and insulin in adults with childhood-
onset GHD after GH treatment,® the study groups have been
heterogenous with respect to current age®>* and age at onset of
GHD (childhood or adulthood).!®1235 The patients in the
present study were fairly homogenous, as all were treated with
GH during childhood and the duration of therapy withdrawal
before restarting GH treatment was between 5 and 10 years.
Moreover, the current age range was narrow (21 to 28 years).
Furthermore, the 9-month follow-up investigations were per-
formed in exactly the same time in relation to gonadal hormone
substitution as in the primary investigation. This has not been a
consideration in previous studies, but nevertheless may be of
importance. In normal women, there are differences in glucose
homeostasis between the follicular and luteal phases of the
menstrual cycle,?? and in men, the testosterone concentration
varies with the time of injection®® and there is an association
between the total testosterone level and insulin sensitivity.**

In contrast to previous studies in which GH therapy in adult
GHD patients caused an increase in insulin resistance®** and in
overnight fasting blood glucose levels,'1237 the present study
found no significant changes in blood glucose or the insulin to
glucose ratio during the entire 24-hour fast. In most previous
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studies, a higher GH dose has been used,”123* and it is probable
that the presently used relatively low-dose GH could be of
importance in the results. Recently, the importance of individu-
alization of GH treatment has been reported,” and in the present
study, the GH dose was not calculated from body weight or
body surface area, but was adjusted according to the response in
serum IGF-1. After 9 months, serum IGF-I levels were normal-
ized in all patients except one, in whom serum IGF-I was above
the normal reference range. In accordance with other stud-
ies,103839 GH substitution resulted in a significant decrease in
whole-body resistance measured by BIA and the percentage of
body fat mass.

The exact mechanism for the insulin-antagonistic effect of
GH is still unclear. GH stimulates lipolysis, and in healthy
subjects, FFA levels increase within hours after GH administra-
tion.*® Increased FFA levels inhibit insulin-stimulated periph-
eral glucose uptake in a dose-dependent way.*! Short-term, in
contrast to long-term, GH treatment in GHD patients increases
overnight serum FFA levels.>'* This is in accordance with the
present study, in which GH treatment for 9 months had no
influence on FFA levels even after an extended period of fasting.
There was no association between the percentage of body fat
mass and serum FFA, in agreement with a previous investiga-
tion in which total fat oxidation did not correlate with fat mass.®

The counterregulatory hormones efficiently prevent hypogly-
cemia. Glucagon and the catecholamines can rapidly influence
hepatic glucose production,!” while cortisol and GH are of
importance for the insulin resistance observed later.#2** Previ-
ously, it was shown that discontinuation of GH treatment has
effects on day-to-day fuel metabolism, including changes in
insulin sensitivity during hypoglycemia.** In the present study,
9 months of GH treatment increased the resistance to insulin
during hypoglycemia. Due to lack of a control group in the
present study, it is not known whether the increase in insulin
resistance is in fact a normalization or a further deterioration.
However, in euglycemic conditions, GH treatment in the same
group of patients with the presently used GH dose produced no
impairment of glucose tolerance according to oral and intrave-
nous glucose tolerance tests.* The five ACTH-deficient patients
with glucocorticoid replacement had a nonsignificant tendency
to be more insulin-resistant during hypoglycemia than the five
patients with normal ACTH function. However, due to the small
number of patients in each group, a difference cannot be ruled
out.

BULOW ET AL

Children with isolated GHD have a loss of the norepineph-
rine response and a smaller increase in epinephrine levels in
response to insulin-induced hypoglycemia compared with
healthy controls.*s However, in the present study, GH replace-
ment therapy for 9 months caused no significant alterations in
the catecholamine, glucagon, or cortisol response to hypoglyce-
mia, which could explain the augmented insulin resistance
during hypoglycemia. However, since counterregulatory hor-
mones act synergistically,*’ it is possible that the addition of GH
may partially explain the pronounced increase in insulin
resistance during hypoglycemia.

GH treatment also did not cause any significant alteration in
serum IGFBP-1 levels during the hypoglycemic clamp, which
could explain the increase in insulin resistance. Serum IGFBP-1
is inversely regulated by insulin,**#° and following hypoglyce-
mia, there is normally a rapid increase in serum IGFBP-1.'8 But
during a continuous insulin infusion as in the present study
design, IGFBP-1 production is suppressed.™

Fowelin et al® showed that 6 weeks of GH treatment at a
dosage of 0.5 TU/kg/wk in adult-onset GHD patients resulted in
an increase in serum FFA levels during a hyperinsulinemic-
euglycemic clamp.? The increase in FFA levels was suggested to
explain the increased insulin resistance. However, in their study,
GH treatment for 26 weeks resulted in normalization of serum
FFA levels and of insulin resistance. In the present study, serum
FFA levels were suppressed by insulin infusion, and the
possibility of an increase in peripheral uptake of FFAs was not
investigated.

In conclusion, in 10 young patients with childhood-onset
GHD, treatment with low-dose GH for 9 months did not cause
any significant changes in the blood glucose level, insulin to
glucose ratio, or serum FFA level during a 24-hour fast. In
contrast, in a hypoglycemic clamp model, GH treatment caused
a significant increase in insulin resistance, which could not be
explained by changes in the counterregulatory hormonal re-
sponse or in serum IGFBP-1 levels. Determining whether the
increased insulin resistance during hypoglycemia indicates a
normalization or a deterioration requires additional investiga-
tion.

ACKNOWLEDGMENT

The authors wish to thank Ann-Sofie Nilsson, RN, for technical
assistance and Lars Rylander for statistical assistance.

REFERENCES

1. Johnston DG, Davies RR, Prescott RWG: Regulation of growth
hormone secretion in man: A review. J R Soc Med 78:319-327, 1985

2. Ho KY, Veldhuis JD. Johnson ML, et al: Fasting enhances growth
hormone secretion and amplifies the complex rhythms of growth
hormone secretion 1n man. J Clin Invest 81:968-975, 1988

3. Wolfsdorf JI, Sadeghi-Nejad A, Senior B: Hypoketonemia and
age-related fasting hypoglycemia in growth hormone deficiency. Metabo-
lism 32:457-462, 1983

4. Bougneres P-F, Artavia-Loria E, Ferre P, et al: Effects of
hypopituitarism and growth hormone replacement therapy on the
production and utilization of glucose in childhood. J Clin Endocrinol
Metab 61:1152-1157, 1985

5. Haymond MW, Karl I, Weldon VYV, et al: The role of growth

hormone and cortisone on glucose and gluconeogenic substrate regula-
tion in fasted hypopituitary children. J Clin Endocrinol Metab 42:846-
856, 1976

6. Hopwood NJ. Forsman PJ, Kenny FM, et al: Hypoglycemia in
hypopituitary chuldren. Am J Dis Child 129:918-926, 1975

7. Attanasio AF, Lamberts SWJ, Matranga AMC, et al: Aduit growth
hormone (GH)-deficient patients demonstrate heterogeneity between
childhood onset and adult onset before and during human GH treatment.
J Clin Endocrinol Metab 82:82-88, 1997

8. Salomon F, Cuneo RC, Umpleby AM, et al: Glucose and fat
metabolism in adults with growth hormone deficiency. Clin Endocrinol
(Oxf) 41:315-322, 1994

9. Fowelin J, Attvall S, Lager I, et al: Effects of treatment with



METABOLIC EFFECT OF GH TREATMENT TO GHD PATIENTS

recombinant human growth hormone on msulin sensitivity and glucose
metabolism in adults with growth hormone deficiency Metabolism
42:1443-1447, 1993

10. Salomon F. Cuneo RC, Hesp R, et al: The effects of treatment
with recombinant human growth hormone on body composition and
metabolism in adults with growth hormone deficiency. N Engl J Med
321:1797-1803, 1989

11. Binnerts A, Swart GR. Wilson JHP, et al: The effect of growth
hormone admunistration 1n growth hormone deficient adults on bone,
protein. carbohydrate and lipid homeostasis, as well as on body
composttion. Clin Endocrinol (Oxf) 37:79-87, 1992

12. Degerblad M. Elgindy N, Hall K, et al: Potent effect of
recombinant growth hormone on bone mineral density and body
composition in adults with panhypopituitarism. Acta Endocriol (Co-
penh) 126:387-393. 1992

13. Randle PJ, Garland PB. Hales CN: The glucose fatty-acid cycle:
Its role in insulin sensitivity and the metabolic disturbances of diabetes
mellitus. Lancet 1:785-789, 1963

14. O’Neal DN, Kalfas A. Dunning PL, et al: The effect of 3 months
of recombinant human growth hormone (GH) therapy on msulin and
glucose-mediated glucose disposal and insulin secretion in GH-
deficient adults: A minimal model analysis. J Clin Endocrinol Metab
79:975-983, 1994

15. Moller N, Porksen N, Ovesen P, et al: Evidence for increased
sensitivity of fuel mobilization to growth hormone during short-term
fasting in humans. Horm Metab Res 25:175-179, 1993

16. Merimee TJ, Felig P. Marliss E. et al: Glucose and lipid
homeostasis 1 the absence of human growth hormone. J Clin Invest
50:574-582, 1971

17. Cryer PE: Glucose counterregulation 1 man. Diabetes 30:261-
264. 1981

18. Yeoh SI, Baxter RC: Metabolic regulation of the growth
hormone independent insulin-like growth factor binding protein
human plasma. Acta Endocrinol (Copenh) 119:465-473, 1988

19. Baxter RC: Insulin-like growth factor (IGF) binding proteins:
The role of serum IGFBPs in regulating IGF availability. Acta Paediatr
Scand Suppl 372:107-114, 1991

20. Lee PDK, Conover CA, Powell DR: Regulation and function of
msulin-like growth factor-binding protein-1. Proc Soc Exp Biol Med
204:4-29, 1993

21. Bratusch-Marrain PR, Smith D, DeFronzo RA: The effect of
growth hormone on glucose metabolism and insulin secretion in man. J
Clin Endocrinol Metab 55:973-982. 1982

22. Gerich J, Cryer P. Rizza R. Hormonal mechanisms in acute
glucose counterregulation: The relative roles of glucagon, epmephrine,
norepinephrine, growth hormone, and cortisol. Metabolism 29:1164-
1175, 1980 (suppl 1)

23. Diamond MP, Simonson DC, DeFronzo RA: Menstrual cyclicity
has a profound effect on glucose homeostasis. Fertil Steril 52:204-208,
1989

24. Haffner SM, Karhapaa P, Mykkdnen L., et al: Insulin resistance.
body fat distribution and sex hormones in men. Diabetes 43:212-219.
1994

25. DeFronzo RA, Tobin JD, Andres R: Glucose clamp technique: A
method for quantifymg insulin secretion and resistance. Am J Physiol
237:E214-E223, 1979

26. Thorell JI, Larson SM: Radioimmunoassay and Related Tech-
niques. St Louis, MO, Mosby. 1978. pp 205-211

27. Eriksson BM, Persson BA: Determination of catecholamines in
rat heart tissue and plasma by liquid chromatography with electrochemu-
cal detection. J Chromatogr 228:143-154, 1982

28. von Schenk H. Nilsson OR: Radioimmunoassay of extracted
glucagon compared with three pon-extraction assays. Clin Chim Acta
109:183-191, 1981

1009

29. Pévoa G, Roovete A, Hall K: Cross-reaction of serum somatome-
din-binding protein 1 a radioimmunoassay developed for somatomedin-
binding protein 1solated from human amniotic fluid. Acta Endocrmol
(Copenh) 107:563-570, 1984

30. Ashworth L. Gibb I. Alberti KGMM: HemoCue: Evaluation of a
portable photometric system for determining glucose in whole blood.
Clin Chem 38:1479-1482, 1992

31. Perniello G. De Feo P. Torlone E, et al- Nocturnal spikes of
growth hormone secretion cause the dawn phenomenon in type 1
(insulin-dependent) diabetes mellitus by decreasing hepatic (and extra-
hepatic) sensitivity to insulin 1 the absence of msulin waning.
Diabetologia 33:52-59. 1990

32. Al-Shoumer KAS, Ali K. Anyaoku V, et al: Overnight metabolic
fuel deficiency 1 patients treated conventionally for hypopituitarism.
Clin Endocrinol (Oxf) 45:171-178, 1996

33. Chipman JJ, Attanasio AF, Bukett MA. et al: The safety profile
of GH replacement therapy in adults. Clin Endocrinol (Oxf) 46:473-
481. 1997

34, Weaver JU, Monson JP, Noonan K, et al: The effect of low dose
recombinant human growth hormone replacement on regional fat
distribution. insulin sensitivity, and cardiovascular risk factors in
hypopituitary adults. J Clin Endocrinol Metab 80:153-159, 1995

35. Whitehead HM. Boreham C. Mcllrath EM. et al: Growth
hormone treatment of adults with growth hormone deficiency: Results
of a 13-month placebo controlled crossover study Clin Endocrinol
(Oxf) 36:45-52, 1992

36. Snyder PJ, Lawrence DA: Treatment of male hypogonadism
with testosterone enanthate. J Clin Endocrinol Metab 51:1335-1339,
1980

37. Johannsson G, Rosén T, Bengtsson B-A: Individualized dose
titration of growth hormone (GH) during GH replacement in hypopitu-
itary adults Clin Endocrinol (Oxf) 47:571-581, 1997

38. Bengtsson B-A, Edén S. Lonn L, et al: Treatment of adults with
growth hormone (GH) deficiency with recombinant human GH. J Clin
Endocrinol Metab 76:309-317, 1993

39. De Boer H, Blok G-J, Voerman B, et al: The optimal growth
hormone replacement dose in adults, derived from bioimpedance
analysis. J Clin Endocrinol Metab 80:2069-2076, 1995

40. Raben MS, Hollenberg CH: Effect of growth hormone on plasma
fatty acids. J Clin Invest 39:484-488. 1959

41. Boden G. Chen X, Ruiz J, et al: Mechanisms of fatty acid—
nduced inhibition of glucose uptake. J Clin Invest 93:2438-2446, 1994

42. Kollind M, Adamson U, Lins P-E, et al: Importance of growth
hormone for blood glucose regulation following sulin-induced noctur-
nal hypoglycemia 1n insulin-dependent diabetes mellitus. Acta Med
Scand 223:159-164, 1988

43. Fowelin J, Attvall S. von Schenck H, et al: Combined effect of
growth hormone and cortisol on late posthypoglycemic insulin resis-
tance in humans. Diabetes 38:1357-1364, 1989

44, Jorgensen JOL. Moller J, Alberti KGMM. et al: Marked effects
of sustained low growth hormone (GH) levels on day-to-day fuel
metabolism: Studies in GH-deficient patients and healthy untreated
subjects. J Clin Endocrinol Metab 77:1589-1596, 1993

45. Biilow B, Erfurth EM: A low individualized GH dose to young
patients with childhood onset GH deficiency normalized the serum
IGF-I level without significant deterioration of glucose tolerance. Clin
Endocrinol (Oxf) 50:45-55, 1999

46. Voorhess ML, MacGillivray MH: Low plasma norepinephrine
responses to acute hypoglycemia in children with isolated growth
hormone deficiency. J Clin Endocrinol Metab 59:790-793. 1984

47. Shamoon H, Hendler R, Sherwin RS: Synergistic mteractions
among antiinsulin hormones in the pathogenesis of stress hyperglyce-
mia in humans. J Clin Endocrinol Metab 52:1235-1241, 1981



1010

48. Suikkari A-M, Koivisto VA, Rutanen E-M, et al: Insulin
regulates the serum levels of low molecular weight nsulin-like
growth factor-binding protein. J Clin Endocrinol Metab 66:266-272,
1988

49. Holly JMP, Biddlecombe RA, Dunger DB, et al: Circadian
variation of GH-independent IGF-binding protein in diabetes mellitus

BULOW ET AL

and its relationship to insulin. A new role for msulin? Clin Endocrinol
(Oxf) 29:667-675, 1988

50. Cotterill AM, Holly JMP, Amiel S, et al: Suppression of
endogenous insulin secretion regulates the rapid rise of insulin-like
growth factor binding protein (IGFBP)-1 levels following acute hypo-
glycaemia. Clin Endocrinol (Oxf) 38:633-639, 1993



