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Summary. Type 2 (non-insulin-dependent) diabetes mellitus 
is associated with increased glucose, insulin, total and VLDL- 
triglyceride, and often total and LDL-cholesterol levels which 
promote vascular disease. Recombinant human insulin-like 
growth factor-I which mimics many effects of insulin, de- 
creased insulin, total and VLDL-triglyceride, and total and 
LDL-cholesterol levels in healthy man as well as glucose and 
insulin levels in Type 2 diabetic patients. We, therefore, inves- 
tigated total and fractionated triglyceride and cholesterol lev- 
els, lipoprotein(a), non-esterified fatty acid, and apolipopro- 
tein levels in eight Type 2 diabetic patients during five control, 
five treatment, and three wash-out days. They received a con- 
stant diet throughout and daily 2 x 120 gg insulin-like growth 
factor-I/kg s. c. during the treatment period. Fasting total and 
VLDL-triglyceride, total and LDL-cholesterol control lev- 

els were (mean + SD) 3.1 +2.6, 1.3 + 1.0, 6.3 + 1.3, and 
4.5 + 1.1 retool/1 and decreased to 1.6 + 0.8, 0.6 + 0.4, 5.0 + 1.0, 
and 3.5 + 1.1 mmol/1, respectively, on the last treatment day 
(p < 0.01). During therapy, fasting lipoprotein(a) levels and 
the postprandial area under the triglyceride curve decreased 
by48 + 22 and 32 + 18 % of control (p < 0.01), respectively. In 
conclusion, insulin-like growth factor-I lowered lipid levels in 
Type 2 diabetic patients directly or indirectly or both because 
of decreased glucose and insulin levels. Long-term trials 
would be of interest with respect to the cardiovascular risk in 
Type 2 diabetes and patients with hyperlipidaemia. 
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Type 2 (non-insulin-dependent) diabetes mellitus is asso- 
ciated with an increased morbidity and mortality from 
cardiovascular disease [1, 2]. Known risk factors in Type 2 
diabetes are hypertension, hypergiycaemia, obesity, elev- 
ated total and VLDL-triglycerides (TG), low HDL-cho- 
lesterol (C) levels, and, less consistently, increased total 
and LDL-C levels [1, 2]. Hyperinsulinaemia was also 
claimed to be atherogenic in some but not in all studies [3]. 
Lipoprotein(a) [Lp(a)] is another strong and independent 
risk factor in non-diabetic man [4]. Conclusive results in 
diabetic patients are not yet available. 

Weight loss as the most reasonable therapeutic ap- 
proach in Type 2 diabetic patients diminishes hyperten- 
sion as well as glucose, insulin, TG, total C, and non-esteri- 
fled fatty acid (NEFA) levels and increases HDL-C levels 
[5, 6]. Sulphonylureas and insulin can lower glucose and 
TG levels markedly but do not clearly decrease total and 
LDL-C and increase HDL-C levels, respectively [7-11]. 
Insulin administration did not result in a decrease of Lp(a) 
levels in Type 2 diabetic patients [9]. In contrast, sulpho- 
nylureas and insulin enhance hyperinsulinaemia [11] and 
may, thereby, worsen the atherogenic risk [3, 6]. 

Insulin-like growth factor-I (IGF-I) is a physiological 
growth-promoting and cell-differentiation enhancing fac- 
tor. It also mimics many effects of insulin [12, 13]. These 
effects are mediated via the type 1 IGF or the insulin re- 
ceptor on muscle cells or both [13] and the insulin receptor 
on adipocytes and hepatocytes which lack specific type 1 
IGF receptors [12, 14]. We reported that recombinant 
human (rh)IGF-I decreased insulin, C-peptide, total and 
VLDL-TG, and total and LDL-C levels in healthy volun- 
teers without affecting HDL-C levels [15, 16]. More re- 
cently, we showed that rhIGF-I lowered glucose and in- 
sulin levels in Type 2 diabetic patients [17]. Thus, rhIGF-I 
may diminish the increased cardiovascular risk of Type 2 
diabetes by normalizing hyperglycaemia, hyperinsulin- 
aemia, and by lowering lipid levels. 

Subjects  and m e t h o d s  

Subjects 
Six male and two female otherwise healthy patients with Type 2 
diabetes gave informed and written consent to participate in this 
study. Their clinical characteristics are described elsewhere [17]. In 
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Table 1. Total triglyceridelevels (mmol/1) during meal tolerance test 
before (day 4-5), during (day 8-10), and following (day 11, 12) rec- 
ombinant human insulin-like growth factor-I administration 

Time Day 4-5 Day 8-10 Day 11 Day 12 

08 .00  2.9• 1.7• a 1.7• 1.8• 
08 .30  3.1• 1.8• 1.6• 1.9• 
09 .00  3.2• 1.8• a 1.9• 2.0• 
10 .00  3.6• 2.1• a 2.2• a 2.3• 
11 .00  3.9• 2.4• a 2.5• 2.6• 
12 .00  3.8• 2.5• b 2.5• 2.6• 

"p < 0.01, bp < 0.02 VS day 4-5 

brief, the mean ( + SD) age was 48 + 8 years (range 38~50 years), the 
body mass index was 26 +3 kg/m 2 (23-33 kg/m2), diabetes was 
known for 7 + 5 years (0.5-14 years), and HbAle was 8.0 + 2.2 % 
(5.8-11.0 %; normal 4.6-6.4 %). The patients' weight was constant 
prior to the study. Six patients were treated with glibenclamide and 
diet, two with diet alone. 

A dietary history served to calculate the diet which the patients 
received during the study. The ethics committee of the Department 
of Internal Medicine of the University Hospital at Zurich approved 
the protocol which has previously been reported [17]. 

Experimental protocol 

The patients taking glibenclamide discontinued the drug 3 days be- 
fore the study during which the patients received a sucrose-free diet 
of 30 kcallkg body weight throughout (50% carbohydrates, 20% 
protein, 30 % fat containing 18 % polyunsaturated fatty acids and 
360 mg cholesterol, and 37 g fibres). This composition did not mar- 
kedly differ from the usual diet of the study subjects. The study 
started with control days 1-5, was followed by the rhIGF-I treat- 
ment (days 6-10), and concluded with the wash-out days 11-13. 
RhIGF-I was kindly provided by Ciba-Geigy AG (Basel, Switzer- 
land) and on days 6-10,120 gg rhIGF-I/kg body weight was injected 
s.c. into the thigh two times daily (at 07.00 and 18.30 hours), except 
for day 10 when the injection at 18.30 hours was omitted. RhIGF-I 
administration was well tolerated, did not change body weight, and 
increased total and "free" IGF-I levels 5.3 and 2.5 times above con- 
trol levels, respectively, while fasting and postprandial glucose, in- 
sulin, C-peptide, proinsulin, total IGF-II, and growth hormone 
levels decreased markedly [17]. 

After a light meal at 21.30 hours to avoid nocturnal hypogly- 
caemia (fruit with 12 + 2 g carbohydrates and 0.3 + 0.1 g fat) and a 
subsequent fast for 10.5 hours, blood was drawn every morning ex- 
cept on days 2 and 3 to determine lipid, apolipoprotein, and NEFA 
levels. A meal tolerance test was performed on day 4, 5, and 8-12. 
On these days a standard breakfast and the 10.00 hour light meal 
were eaten together between 08.00 and 08.30 hours and blood sam- 
ples were drawn at the times indicated (Table 1). The breakfast and 
light meal with the same composition as the diet described above 
consisted of 87+11g carbohydrates (1.2g/kg) and 29+7g fat 
(0.25 g/kg). 

Analytical methods 

Venous blood was allowed to clot before centrifugation, the over- 
lying serum decanted and stored in aliquots at - 20 ~ until assayed. 
150 gl serum were ultracentrifuged at 140000 g for 150 min at room 
temperature and VLDL-TG were determined in the overlying 40 gl. 
HDL was separated from the infranatant by phosphoric wolfram 
acid precipitation. HDL5 was determined as described previously 
[18]. Total serum and fractionated lipoprotein TG and C levels were 
measured with kits (Boehringer Mannheim GmbH, Mannheim, 
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FRG). Lp(a) and NEFA levels were determined with RIA (Pharma- 
cia AB, Uppsala, Sweden) and as described [12], respectively. Apoli- 
poprotein AI (apoAI) and B (apoB) serum levels were measured by 
turbidimetric immunoprecipitation assay kits on a Cobas Mira ran- 
dom access analyser (Roche, Basel, Switzerland). 

Statistical analysis 

All data are presented as mean + SD. HDL2-C levels were calculated 
by subtracting HDL3-C from HDL-C. The results were analysed 
using the two-tailed Wilcoxon's matched pairs signed rank test. 
Areas under the curve (AUC) and linear regressions were calcu- 
lated using the trapezoidal rule and the method of least squares, re- 
spectively. A p value of less than 0.05 was considered significant. 

Results 

Fast ing tota l  and  V L D L - T G  levels were e levated  dur ing  
the cont ro l  days, decreased dur ing  r h I G F - I  t r e a tmen t  to a 
nadi r  of 1.6 + 0.8 and  0.61 _+ 0.4 mmol/1, respectively on  
day 10 and  changed  very tittle thereaf ter  (Fig. 1). Total  
and  V L D L - T G  levels corre la ted well t h roughou t  
(r = 0.95). The  decrease of V L D L - T G  levels accounted  
for 52 + 15 % of the  fall of total  T G  b e t w e e n  days 6 to 8, 
suggesting that  a reduced  V L D L  produc t ion  was the 
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Hg. 1. Total (left bar) and VLDL-TG (right bar) levels (mean + SD, 
n = 8) are shown before (day 1-5; open and coarsely hatched), during 
(day 6-10; solid and fine hatched), and following (day 11-13; open 
and coarsely hatched) rhIGF-I administration. *p < 0.01, +p < 0.02, 
#p < 0.05 vs control levels 
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Fig.2. Decrease of fasting VLDL-TG levels during rhIGF-I treat- 
ment vs control levels. The differences between the mean fasting 
VLDL-TG levels during the control and the treatment period are 
correlated with the fasting VLDL-TG levels during the control peri- 
od (y = 1.57x + 0.32, r = 0.950, p < 0,001). Each circle represents the 
value of one subject 
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Table 2. AUCTo, iAUCTo, and AUCNEFA during meal tolerance test 
before (day 4.5), during (day 8-10), and following (day 11, 12) rec- 
ombinant human insulin-like growth factor-I administration 

Day 4-5 Day 8-10 Day 11 Day 12 

AUCTc(mmol/1-h) 14.1+11.0 8.5i4.5 ~ 8.6i3.1 a 9.2• 
iAUCT6(mmol/1.h) 2.3i 0.9 1.7+0.9 b 1.8+1.0 1.9• 
AUCNEFA (mmol/l. h) 1.7 • 0.7 1.5 • 0.5 1.3 + 0.3 1.4 • 0.2 

ap <0.01, bp < 0.02 VS day 4.5 
AUCro, Area under the triglyceride curve; iAUCTo, incremental 
area under the triglyceride curve; AUCNEFA, area under the non-es- 
ter• fatty acid curve 

Table 3. HDL2 and HDL3-cholesterol levels before (day 4-5), dur- 
ing (day 8-10), and following (day 11-13) recombinant human in- 
sulin-fike growth factor-I administration 

Day HDL2-C (mmol/1) HDL3-C (mmol/1) 

4 0.17 • 0.24 0.58 • 0.18 
5 0.17 • 0.21 0.52 • 0.12 
8 0.22 + 0.23 0.42 _+ 0.12 a 
9 0.18 • 0.14 0.46 + 0.14 a 

10 0.20 i 0.13 0.43 i 0.13 c 
11 0.21 • 0.19 c 0.41 + 0.14 b 
12 0.15 • 0.21 0.49 + 0.18 
13 0.31 i 0.19 0.46 i 0.17 

a p < 0.01, b p < 0.02, c p < 0.05 vs day 4-5 
HDL2, High density lipoprotein2; HDL3 high density lipoprotein3; 
C, cholesterol 

Table 4. ApoAI and apoB levels before (day 4-5), during (day 
8-10), and following (day 11-13) recombinant human insulin-like 
growth factor-I administration 

Day apoAI (g/l) apoB (g/l) 

4 1.28 + 0.15 1.31 + 0.17 
5 1.32 + 0.31 1.33 ___ 0.16 
8 1.28 + 0.14 1.40 • 0.40 
9 1.20 + 0.32 1.27 • 0.47 

10 1.18 + 0.20 1.23 • 0.39 
11 1.23 + 0.28 1.18 i 0.29 
12 1.26 __+ 0.32 1.25 __+ 0.38 
13 1.36 • 0.20 1.25 __+ 0.29 

ApoAI, Apolipoprotein AI; apoB, apolipoprotein B 

major  cause of the decrease of total T G  levels during 
rhIGF-I  administration. The decrease of V L D L - T G  lev- 
els during rh IGF- I  t rea tment  correlated with the levels 
before t rea tment  (Fig. 2) even if the data pair of the pa- 
tient with clearly increased fasting V L D L - T G  levels was 
excluded from statistical analysis (r = 0.828, p < 0.025). 
This indicates that rh IGF-I  has a more  pronounced effect 
in the subjects with higher starting V L D L - T G  levels as has 
already been shown for glucose, insulin, and total T G  
levels [17]. Postprandial  total T G  levels (Table 1), the 
total and the incremental  A U C  for total T G  (Table 2) 
were lower during the t rea tment  period than in the control 
period. The decrease of the A U G r 6  during rh IGF- I  ad- 
ministration correlated with that during the control peri- 
od (r = 0.966,p < 0.001). 

Fasting total and L D L - C  levels did not change during 
the control period, fell during rhIGF-I  t rea tment  to a 
nadir of 4.83 _+ 0.92 and 3.33 + 1.01 rnmol/1, respectively, 
on day 11, and remained low until day 13 (Fig.3). Total 
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and LDL-C  levels changed proport ionately (r = 0.83). The  
fall of total C levels between day 6 and 10 was mostly 
(66 + 27 %)  due to the decrease of LDL-C.  H D L - C  levels 
hardly changed during rh lGF-I  t reatment  (Fig. 3). Conse- 
quently, the ratios of total  C to H D L - C  and of LDL-C  to 
H D L - C  were 6.5 + 1.8 and 4.6 + 1.5 during control days 
and decreased during rh lGF-I  t rea tment  to 5.4+ 1.0 
(p < 0.02) and 3.8 + 1.0 (p < 0.02), respectively. Small 
changes of H D L - C  levels resulted f rom a decrease of 
HDL3-C and a slightly smaller increase of HDL2-C levels 
(Table 3). 

Lp(a) levels (20.7 + 24.7 mg/dl; mean + SD of day 1-6) 
decreased in every patient  during rh lGF-I  administration 
to a nadir of 13.7 + 17.8 mg/dl on day 11 (Fig. 4). The  indi- 
vidual maximal decrease was 48 + 22% of initial levels 
(range 26-93 %)  and the decrease in absolute terms was 
more  marked  in those subjects with higher levels during 
the control period. 

A p o A I  and apoB serum levels remained constant dur- 
ing the t rea tment  period (Table 4). 

NEFA levels (712 + 261 gmol/1 on days 1-5) decreased 
insignificantly during the t rea tment  and wash-out period 
to 583 + 243 and 511 + 210 gmol/1, respectively. Post- 
prandial levels (not shown) and the A U C  for N E F A  
(AUC~FA) were not markedly  affected by rh lGF- I  treat- 
ment  (Table 2). 
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Fig.3. Total (left bar), LDL- (middle bar), and HDL-cholesterol 
(right bar) levels (mean + SD, n = 8) are shown before (day 1-5; 
open, cross-hatched, coarsely hatched bars), during (day 6-10; coar- 
sely hatched, solid, fine hatched bars), and following (day 11-13; 
open, cross-hatched, coarsely hatched bars) rhlGF-I administration. 
*p < 0.01, +p < 0.02, ep < 0.05 vs control levels 
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Fig. 4. Lipoprotein(a) levels (mean + SD in % of mean control levels 
of day 1~5, n = 8) are shown before (day 1-5; open bars), during (day 
6-10; solid bars), and following (day 11-13; open bars) rhIGF-I ad- 
ministration. �9 p < 0.01 vs control levels 
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Discussion 

Hypertriglyceridaemia is a frequent finding in Type 2 
diabetes and is due to an increased hepatic VLDL produc- 
tion because of increased NEFA, glucose, and insulin 
levels [10,19]. In addition, a defect of VLDL clearance has 
been postulated [10]. Normalization of hyperglycaemia 
causes a fall of VLDL- and total TG levels [%10]. 

In normal subjects rhIGF-I lowered total and VLDL- 
TG levels [15] while glucose levels did not change but in- 
sulin and C-peptide levels clearly decreased [16]. In 
Type 2 diabetic patients rhIGF-I caused a near-normali- 
zation of fasting and postprandial plasma glucose levels at 
clearly decreased insulin and C-peptide levels [17]. In the 
present study we describe the effects of rhIGF-I on lipid 
levels. 

Total and VLDL-TG levels were significantly de- 
creased during rhIGF-I administration, presumably be- 
cause of diminished VLDL production. Several mechan- 
isms must be considered such as (1) near-normalization of 
hyperglycaemia, (2) a marked decrease of insulin secre- 
tion, (3) an apparent increase of insulin sensitivity, and (4) 
suppressed growth hormone levels [17]. NEFA levels 
were not lower in this study and in diabetic rats during 
rhIGF-I administration [20] and, therefore, probably did 
not contribute to the reduction of VLDL production [10]. 
On the other hand, IGF-I may directly stimulate glucose 
disposal via type 1 IGF receptors (mostly on muscle cells) 
[13], thereby lowering plasma glucose levels [17] and re- 
sulting in reduced VLDL production [10]. It is unlikely 
that IGF-I directly affects hepatic TG synthesis because 
hepatocytes lack type 1 IGF receptors [14]. Moreover, 
free IGF-I levels attained in this study [17] are not high 
enough to cross-react with hepatic insulin receptors. Dur- 
ing rhIGF-I treatment free IGF-I levels are slightly 
increased and insulin levels markedly decreased result- 
ing in a diminished occupancy of hepatic insulin recep- 
tors. 

Whether or not IGF-I may have also improved VLDL- 
TG clearance is not known. RhIGF-I administration in 
Type 2 diabetes improves metabolic control and probably 
insulin sensitivity [17] SO that lipoprotein lipase (LPL) ac- 
tivity may have been stimulated [21]. The present results 
do not support a stimulatory effect of IGF-I on LPL. The 
disappearance rate of total TG after a meal in Type 2 
diabetic patients was not increased as in an earlier study in 
healthy volunteers (unpublished data). 

RhIGF-I administration may lower total and LDL-C 
levels due to a considerably decreased VLDL production 
rate. Assuming no change of the conversion rate of VLDL 
to LDL particles, a lower number of VLDL will necessar- 
ily result in a reduction of LDL particles. Unchanged 
apolipoprotein levels rather suggest a change of the lipid 
content than of the number of lipoproteins during rhIGF-I 
treatment. 

Whether or not the synthesis of C was directly in- 
fluenced by rhIGF-I is not known. Insulin stimulates the 
activity of HMGCoA-reductase in vitro [22]. The activity 
of this rate-limiting enzyme for C synthesis may thus be re- 
duced at low insulin levels during rhIGF-I administration 
if these in vitro findings are of any relevance in vivo. 
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HDL-C levels decreased during rhIGF-I administra- 
tion to such a small extent that the ratios of total C to 
HDL-C and that of LDL-C to HDL-C decreased signifi- 
cantly. The decrease of HDL-C levels was mostly ac- 
counted for by a fall of HDL3-C levels and a relatively 
smaller rise of HDL~-C levels. This shift from HDL3-C to 
HDL2-C may improve the cardiovascular risk [23]. 

RhIGF-I decreased Lp(a) levels, an affect that was not 
observed in insulin-treated Type 2 diabetic patients dur- 
ing improved metabolic control [9]. In this study, Lp(a) 
levels decreased within 4-6 days by 48 + 22 % of control 
(range 26-93 %) and this effect was more pronounced in 
those patients with higher starting Lp(a) levels. Only 
HELP-LDL-apheresis [24] decreased Lp(a) levels so 
much in such a short time. Since the nadir Lp(a) levels in 
this study were reached in most patients on the last treat- 
ment or the first wash-out day, longer rhIGF-I administra- 
tion might have decreased Lp(a) levels even further. This 
may even hold true for other lipid levels considering the 
long half-life of fipoproteins. The decrease of Lp(a) may 
also be related to the suppression of growth hormone se- 
cretion [25] by rhIGF-I administration [16, 17]. 

It would have been preferable to randomize the Control 
and treatment period of this study to avoid a possible bias 
due to the change of diet. Unfortunately, this was im- 
possible because of the slow wearing off of the effects of 
rhIGF-I after its discontinuation [17]. However, a major 
bias can be excluded since (1) the diet during the study was 
calculated on the basis of the dietary history of each pa- 
tient, (2) the patients did not lose weight during the study, 
and (3) blood glucose [17] and lipid levels (this study) did 
not tend to decrease during the control period. 

The most reasonable treatment for overweight Type 2 
diabetic patients is diet and weight loss [5, 6]. However, 
compliance is notoriously poor and sulphonylureas or in- 
sulin are added. Both agents decrease glucose and TG 
levels [7-10], but have only a small effect on C and Lp(a) 
levels [7-9], and may enhance hyperinsulinaemia [11]. 
The latter may even worsen the atherogenic risk [3, 6]. 

In conclusion, rhIGF-I treatment appears to improve 
the lipid p rone  of Type 2 diabetes. However, it is un- 
known whether increased IGF-I levels during prolonged 
rhIGF-I administration may by themselves affect ather- 
ogenesis in vivo. RhIGF-I was shown to stimulate retinal 
endothelial and aortic smooth muscle cell proliferation in 
vitro [26, 27]. Hence, we need longer trials with careful 
monitoring of retinal and cardiovascular changes in order 
to find out whether the positive effects of rhIGF-I on lipid 
levels persist and how they relate to the overall cardiovas- 
cular risk. 
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