
Increased glomerular filtration rate (GFR) is an early
feature of Type I (insulin-dependent) diabetes melli-
tus and is believed to play a part in the pathogenesis
of diabetic nephropathy [1]. Increased GFR is usually

associated with increased renal plasma flow (RPF),
but the mechanisms responsible for these early renal
haemodynamic changes are still only partially under-
stood.

Earlier observations of increased GFR and RPF in
acromegaly [2] or after growth hormone injection in
normal subjects [3] and reports of increased growth
hormone plasma concentrations in diabetic patients
[4, 5] suggest that growth hormone or IGF-1 may
play a part in the glomerular hyperfiltration of diabe-
tes. More recent time-course experiments have
shown that IGF-1 is probably the mediator of the re-
nal haemodynamic changes induced by growth hor-
mone and direct IGF-1 infusion induces an increase
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Abstract

Aims/hypothesis. We investigated in normotensive
Type I (insulin-dependent) diabetic patients with nor-
moalbuminuria the role of growth hormone-induced
IGF-1 in the modulation of renal haemodynamics.
Methods. We measured glomerular filtration (GFR)
and renal plasma flow (RPF) at baseline and at 24 h
after injection of different doses of growth hormone
(0.1, 0.2, 0.4 U × kg±1 × body weight±1) in six patients
with normal GFR under a euglycaemic clamp. We
also examined a 24-h profile of plasma growth hor-
mone and IGF-1 during usual insulin therapy in two
other groups each with seven patients with a lower
(from 93 to 114 ml × min±1 × (1.73 m2)±1) and higher
(from 121 to 146 ml × min±1 × (1.73 m2)±1) GFR.
Results. Plasma growth hormone concentrations
peaked 2 h after its injection and plasma concentra-
tions of IGF-1 peaked about 24 h after the growth
hormone injection. There was a significant increase
in GFR and RPF 24 h after the highest dose of the

growth hormone injection (corresponding to the
highest IGF-1 concentration), from baseline values
of 115 ± 24 and 536 ± 141 ml × min±1 × (1.73 m2)±1 to
160 ± 33 and 657 ± 137 ml × min±1 × (1.73 m2)±1, re-
spectively (p < 0.01 for GFR and p < 0.05 for RPF).
No differences were observed in the 24-h profile of
growth hormone and IGF-1 plasma concentrations
between the two groups; growth hormone and IGF-1
concentrations were lower than those obtained after
the injection of 0.4 U × kg±1 × body weight±1 of growth
hormone.
Conclusion/interpretation. These results show that
pharmacological growth hormone-induced IGF-1
concentrations are required to modify renal haemo-
dynamics in Type I diabetic patients and suggest
that, under the ªphysiologicalº conditions of diabe-
tes, IGF-1 has no role as a mediator of glomerular hy-
perfiltration. [Diabetologia (2000) 43: 922±926]
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in both GFR and RPF in healthy humans [3, 6±9].
Previous studies in non-diabetic subjects and in dia-
betic Type I patients have used high doses of either
growth hormone or IGF-1, resulting in high plasma
concentrations [3, 6±10].

Thus, the exact role of physiological or supraphys-
iological concentrations of growth hormone and IGF-
1 in the pathogenesis of the renal haemodynamic
changes of Type I diabetes is still not clear and needs
to be explained. We did a dose response study to eval-
uate the effect of different growth hormone doses
and therefore IGF-1 plasma concentrations on GFR
and RPF in Type I diabetic patients with normal
GFR. We also examined the 24-h profile of plasma
growth hormone and IGF-1 in two groups of Type I
diabetic patients with different rates of glomerular
filtration.

Materials and methods

Subjects. We recruited 20 (7 women and 13 men) Type I diabetic
patients with normal blood pressure and a normal albumin ex-
cretion rate. Of the patients 6 (2 women and 4 men) with base-
line GFR from 90 to 130 ml × min±1 × (1.73 m2)±1 took part in a
dose-response study (Table 1) and 14 (5 women and 9 men) in
a 24-h profile study (Table 2). This latter group was divided
into two subgroups with clearly separate GFR values. Type I
diabetes was diagnosed by disease onset before the age of
30 years, evidence of ketosis at diagnosis and an absolute need
for continuous insulin therapy within 6 months of diagnosis.

All patients gave their informed consent to the study which
was approved by the ethics committee of the scientific institute
ªCasa Sollievo della Sofferenzaº. None of them were receiving
any medication, except insulin.

Experimental procedures

Dose-response study. Renal haemodynamics were measured
under a steady state of water diuresis during a euglycaemic
clamp at baseline and 24 h after injection of growth hormone
(Humatrope, Paris, France) at 3 different doses: 0.1, 0.2 and
0.4 U/kg body weight. Doses were given in random order and
at least two weeks elapsed between experiments.

Patients were studied after an overnight fast. On the morn-
ing of the test regular insulin (Actrapid HM, Novo, Copenha-
gen, Denmark) was infused at a mean ± SD rate of 0.016 ±
0.008 IU × kg body weight±1 × h±1 from 0700 hours to obtain and
maintain euglycaemia for the duration of the test. Blood glu-
cose was determined every 5 min and adjustments were made
by the infusion of a 10 % glucose solution whenever needed.
The average time for obtaining euglycaemia was 2 h and this
was then maintained for about 1 h before starting the baseline
clearance studies at about 1000 hours. These studies were
done under a steady state of water diuresis (urine flow:
7.99 ± 2.45 ml/min), obtained by giving water orally. Glomeru-
lar filtration rate and RPF were measured using a primed con-
stant infusion of polyfructosan (Inutest, Boeringer Mannheim,
Zurich, Switzerland) and sodium paramminohippurate (PAH,
Merck Sharpe and Dohme, Hoddesdon, UK) as described pre-
viously [11, 12]. Briefly, a bolus dose of polyfructosan: 35 mg/kg
and paramminohippurate: 8 mg/kg was followed by a constant

infusion of polyfructosan and sodium paramminohippurate in
isotonic saline to maintain a plasma concentration of 350 and
20 mg/l, respectively. After 60-min equilibration, three 30-min
urine collections were made. At the midpoint of each urine col-
lection period, pulse rate, blood pressure (phase I/V) measured
with a standard mercury sphygmomanometer and blood sam-
ples were taken for the measurement of sodium parammino-
hippurate, polyfructosan, glucose and haematocrit. For all vari-
ables the mean value of 3 determinations was used for calcula-
tions. Samples for growth hormone and IGF-1 were taken at
baseline and every 2 h after the growth hormone injection.

Glomerular filtration rate and RPF were determined at
baseline and 24 h after the growth hormone injection because
this injection does not immediately affect GFR and RPF but
about 24 h later, which corresponds to the growth hormone-
induced rise in IGF-1 [3, 9]. During the clearance studies, at
baseline and at 24 h after the injection, patients remained su-
pine standing only to void.

Diurnal profile study. We subdivided 14 patients into two
groups with clearly distinct GFR values: 7 patients in group 1
with a lower GFR (range 93±114 ml × min±1 × (1.73 m2)±1) and
7 in group 2 with higher GFR (range 121±146 ml × min±1

× (1.73 m2)±1), respectively. These two groups otherwise had
similar clinical and metabolic features (Table 2). Plasma sam-
ples of growth hormone, IGF-1 and blood glucose were mea-
sured every 2 h during usual insulin therapy for 24 h. Blood
pressure (BP) was taken three times during the study.

Measurements and calculations. Patients were screened for
GFR by 51Cr EDTA plasma clearance [13].

Plasma and urine polyfructosan were measured after per-
chloric acid hydrolysis using a centrifugal analyser [11] (Cobas
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Table 1. Clinical features of Type I diabetic patients undergo-
ing the dose-response study

No. (women/men) 2/4
Age (years) 29 ± 5
Body mass index (kg/m2) 23 ± 1
Duration of diabetes (years) 7 ± 3
HbA1c (%) 7.7 ± 1.6
MBP (mmHg) 87 ± 5
Albumin excretion rate (mg/min) 10 ± 2
GFR (ml × min�1 × (1.73 m2) �1) (range) 90±130
Insulin dosage (U × kg�1 × day�1) 0.7 ± 0.2

Data are means ± SD and range for GFR. MBP, mean blood
pressure

Table 2. Clinical features of patients recruited in the 24-h pro-
file study

Group 1 Group 2

No. (women/men) 3/4 2/5
Age (years) 26 ± 4 27 ± 6
Body mass index (kg/m2) 23 ± 2 23 ± 1
Duration of diabetes (years) 7.7 ± 4 8.4 ± 2
MBP (mmHg) 86 ± 8 92 ± 4
HbA1c (%) 7.8 ± 0.7 7.1 ± 1.1
24-h mean blood glucose (mmol/l) 8.8 ± 0.7 9.5 ± 0.8
Albumin excretion rate (mg/min) 10 ± 3 11 ± 4
Insulin dosage (U × kg�1 × day�1) 0.57 ± 0.2 0.67 ± 0.2
GFR (ml × min�1 × (1.73 m2) �1) (range) 93±114 121±146

Data are means ± SD and range for GFR. MBP, mean blood
pressure



Mira Roche Diagnostica, Welwyn Garden City, Herts, UK).
Sodium paramminohippurate in plasma and urine was mea-
sured using a reported method adapted for use on a Cobas
Bio centrifugal analyser (Roche Diagnostica) [12]. Inter-assay
and intra-assay coefficients of variation were 3.6 and 3.1 % for
polyfructosan and 4.0 and 3.1 % for sodium paramminohippu-
rate. Glomerular filtration rate and RPF were calculated as
the clearances using the standard formula UV/P and corrected
to 1.73 m2 body surface area.

Plasma concentrations of growth hormone were measured
by a two-site immunoenzymometric assay (Aia-Pack HGH
Tosoh, Tokyo, Japan), inter-assay and intra-assay coefficents
of variation were from 4.2 to 5.4 % and from 2.6 to 3.3 %, re-
spectively [14]. Plasma IGF-1 concentrations were measured
by extraction radioisotopic assay (Nichols Institute Diagnos-
tics, San Juan Capistrano, Calif., USA). This assay uses a high-
ly specific anti-IGF-1 antibody which does not cross-react with
the binding proteins or other peptides; inter-assay and intra-as-
say coefficients of variation were from 5.2 to 8.4 % and from
2.4 to 3.0 %, respectively [15]. Insulin-like growth factor bind-
ing protein 3 (IGFBP-3) was measured by competitive pro-
tein-binding radioimmunoassay (Nichols institute Diagnos-
tics); inter-assay and intra-assay variation ranges were 3.8±
7.3 % and 5.3±6.3 %, respectively. Blood pressure (phase I/V)
was measured with a standard mercury sphygmomanometer
and mean blood pressure was the diastolic blood pressure
plus one-third of the pulse pressure difference. Glycated hae-
moglobin (HbA1 c) was determined by high-pressure liquid
chromatography after removal of the labile fraction (HPLC
Diamat Analyzer, Bio-Rad, Richmond, Calif., USA). Urinary
albumin concentration was determined by the nephelometric
method (Behring Nephelometer Analyzer, Behring, Marburg,
Germany). Serum creatinine was measured with the Jaffe reac-
tion-rate method (Hitachi 737 Autoanalizer, Tokyo, Japan).

Statistical analysis. Data are presented as means ± SD or range
as reported.

Two-way ANOVA was used to evaluate the response of
GFR and RPF and the growth hormone, IGF-1 plasma con-
centrations after the injection of growth hormone at different
doses and to test the differences between the data of the two
groups in the 24-h profile study. Statistical significance was de-
fined as p less than 0.05.

Results

Dose response study. Baseline plasma growth hor-
mone concentration rose from 1.5 ± 1.6 to a peak of
13.3 ± 2.5, 29.3 ± 15 and 149 ± 31.6 ng/ml 2 h after
0.1, 0.2 and 0.4 U/kg body weight of injection of
growth hormone, respectively and returned to base-
line after 16 h (Fig.1). Baseline IGF-1 concentrations
(227 ± 58 ng/ml) increased 8 h after injection, peaked
at 24 h and were sustained for up to 32 h (Fig.1). The
plasma concentration of IGF-1 at 24 h was higher af-
ter 0.4 U/kg body weight injection of growth hor-
mone than the other two growth hormone doses
(248 ± 19 vs 282 ± 93 vs 355 ± 104 after 0.1, 0.2 and
0.4 U/kg body weight, respectively, p < 0.05).

Baseline values of GFR and RPF were 115 ± 24
and 536 ± 141 ml × min±1 × (1.73 m2)±1, respectively
and they remained unchanged at 24 h in response to

0.1 and 0.2 U/kg body weight of injection of growth
hormone but increased significantly in response to
that of 0.4 U/kg body weight to 160 ± 33 (p < 0.01)
and 657 ± 13 ml × min±1 × (1.73 m2)±1, respectively
(p < 0.05) (Fig.2). This increase was concomitant
with the highest IGF-1 concentration.

There were no significant differences in haemato-
crit (39 ± 1 % vs 41 ± 3 vs 42 ± 3), mean blood pres-
sure (91 ± 7 vs 87 ± 5 vs 87 ± 4 mmHg) and in chang-
ed blood glucose values (6 ± 1 vs 6.8 ± 1vs 6.3 ±
0.5 mmol/l) after the three different growth hormone
doses, respectively.

Diurnal profile study. No differences were observed
in growth hormone, IGF-1 plasma concentrations be-
tween the two groups with lower and higher GFR
during the 24-h period (Fig.3). In addition no signifi-
cant difference was observed between the two groups
in plasma IGFBP-3 values (6.12 ± 2.6 mg/ml for lower
GFR and 5.17 ± 1.64 mg/ml for the higher GFR
group). Of note, the average IGF-1 concentration
during the 24-h period in both groups was 235 ± 87
ng/ml, a value which is very similar to the peak 24-h
values of IGF-1 of 248 ± 19 ng/ml, reached after injec-
tion of 0.1 U/kg body weight of growth hormone.
There was no correlation between GFR values and
either growth hormone or IGF-1 concentrations.

Discussion

In normal subjects growth hormone treatment affects
GFR and RPF through induction of IGF-1 secretion
[3, 9]. The pathogenic relevance of this to the glomer-
ular hyperfiltration in diabetes is, however, uncertain.
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Fig. 1 A, B. Serum growth hormone (A) and insulin-like
growth factor-1 (IGF-1) (B) concentrations in six Type I dia-
betic patients before (*) and after growth hormone injection
at three different doses: 0.1 U/kg (±±±), 0.2 U/kg (± ± ±),
0.4 U/kg body weight (&&&). Values are means ± SD. A:
*p < 0.01 vs time 0; ·p < 0.01 between doses. B: *p < 0.05 vs
time 0 and ·p < 0.05 between doses

A

B



Previous studies in normal subjects and in diabetic
patients have used high doses of growth hormone
and IGF-1 [3, 6±10]. Our dose-response study in dia-
betic patients shows that only the highest dose (0.4
U/kg body weight) of growth hormone injection pro-
duces a statistically significant increase in GFR and
RPF. This dose resulted in peak growth hormone
and IGF-1 concentrations of 149 ng/ml and 355 ng/
ml, respectively which are clearly supraphysiological.

By contrast, no statistically significant effect on
GFR and RPF were observed after lower doses of

growth hormone injection when more near-physio-
logical concentrations of growth hormone and IGF-1
were obtained. Moreover, time-controlled experi-
ments by other authors [6] showed no change in renal
haemodynamics over the time span of our observa-
tion. The small numerical increase in GFR and RPF
24 h after 0.2 U/kg body weight of growth hormone
injection was not significant (p > 0.2 for both ) and
corresponded to mean IGF-1 concentrations of
282 ± 92 ng/ml, clearly above those (237 ± 103 ng/ml)
obtained in the 24-h diurnal profile in the group with
the higher GFR.

Other factors that can independently affect renal
haemodynamics such as blood glucose concentration,
blood pressure and haematocrit (plasma volume) did
not differ between the three different doses of growth
hormone injection.

The modification patterns of growth hormone and
IGF-1 concentrations in our study are similar to that
described previously by other authors in normal sub-
jects [3, 9]. The concomitance of hormonal variations
with the changes in renal haemodynamics is also sim-
ilar to that of previous studies supporting the view
that IGF-1 is the mediator of the effects of growth
hormone on GFR and RPF [3, 6±9]. Quantitatively,
the changes in growth hormone concentration were
also similar to those for equivalent injection doses in
another [3]. After the 0.4 U/kg body-weight dose we
observed a 96-fold rise from baseline by 6 h and the
investigators in that study found a 95-fold increase
above baseline after an injection of 0.15 mg/kg body
weight. The changes in plasma IGF-1 were, however,
considerably different. We observed a 54% peak in-
crease whereas those investigators noted a 159%
rise [3]. This discrepancy between Type I diabetic pa-
tients and normal subjects in the IGF-1 rise induced
by growth hormone is likely to be due to hepatic
growth hormone receptor resistance which is report-
ed in diabetes [16]. This further highlights the diversi-
ty of the ªphysiologicalº milieu in diabetic patients
compared with normal subjects and underscores the
importance of establishing the relevance of putative
mediators in the specific subject group in which the
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Fig. 2 A, B. Glomerular filtration rate (A) and renal plasma
flow (B) in six Type I diabetic patients before (baseline) and
24 h after growth hormone (GH) injection at three different
doses given as U/kg body weight. Values are means ± SD.
*p < 0.01 for GFR and p < 0.05 for RPF vs baseline and other
doses

Fig. 3 A, B. Serum growth hormone (A) and insulin-like
growth factor-1 (IGF-1) (B) concentrations during a 24-h peri-
od in seven Type I diabetic patients with lower (±±±) and seven
with higher (± ± ±) glomerular filtration rate

A

B

A B



abnormality (in this case glomerular hyperfiltration)
occurs. It could be argued that if the IGF1 effects
are mediated not only by its circulating concentra-
tions but, to a significant extent, by the renal concen-
tration of IGF-1, by a paracrine mechanism, plasma
levels would be an inaccurate measure of local physi-
ological effects [17, 18]. Both circulating and renal
concentrations of IGF-1 are, however, directly de-
pendent on growth hormone plasma concentrations
[19, 20]. The effect on renal haemodynamics ob-
served by us was obtained at growth hormone con-
centration well into the supraphysiological range for
Type I diabetic patients. The diurnal studies confirm
previous observations from our group that there is
no difference in 24-h growth hormone profiles be-
tween Type I diabetic patients with or without hyper-
filtration [21] and show that 24-h IGF-1 profiles are
equally unrelated to GFR status. The 24-h profiles
show that the IGF-1 concentrations in Type I diabetic
patients, whatever the GFR, are lower than those re-
quired to induce changes in GFR and RPF.

In conclusion, pharmacological concentrations of
IGF-1 induced by growth hormone are required to in-
crease the GRF and RPF in diabetic patients. Pre-
vailing concentrations of growth hormone and IGF-1
in Type I diabetes do not seem to contribute to the in-
creased glomerular filtration. This suggests that in-
creases in the glomerular filtration rate of these pa-
tients is not mediated by IGF-1.
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