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ABSTRACT 
OBJECTIVE— To test the hypothesis that start of insulin Glargine with sustained 
nightly insulin action results in changes in circulating concentrations of IGF-I and 
IGFBPs in adolescents with type 1 diabetes mellitus (T1DM), changes that may 
support improvement of HbA1c.  
RESEARCH DESIGN AND METHODS - Twelve pubertal adolescents with T1DM 
and initially on NPH insulin were studied during 12 weeks of intensified treatment with 
Glargine.  
RESULTS - Subnormal IGF-I on NPH (- 1.8 ± 0.4 SDS) rapidly increased and 
remained 54 ± 9% elevated (P< 0.001) after 12 weeks on Glargine. HbA1c 
decreased from 8.3 ± 0.6% to a nadir of 6.9 ± 0.3 % (P= 0.002) at 6 weeks and 
correlated with changes in IGF-I (r = -0.64, P < 0.05). The increase in IGF-I did not 
suppress the mean overnight GH secretion at 6 weeks. The mean overnight IGFBP-1 
levels decreased (P= 0.035), supporting the hypothesis that the nightly hepatic 
insulin action was increased. Circulating IGF-I increased in the absence of changes 
in both GH secretion and GH receptor numbers (assessed by GHBP), indicating that 
post-receptor mechanisms are involved. IGFBP-3 proteolysis was decreased.  
CONCLUSIONS - Increased hepatic insulin action after start of Glargine was evident 
from a decrease in night time IGFBP-1 concentrations. This may improve GH post-
receptor signaling, resulting in increased circulating IGF-I. We suggest that even in 
the absence of changes in GH, increased IGF-I and decreased IGFBP-1 support the 
improvement of metabolic control.  



INTRODUCTION 
 
In type I diabetes mellitus (T1DM), 
metabolic control often deteriorates 
during puberty. Increased GH secretion 
is thought to contribute by impairing 
insulin sensitivity (1). GH-induced 
lipolysis, stimulation of hepatic glucose 
output, and induction of suppressors-of-
cytokine-signaling (SOCS) expression 
may be involved (2), (3), (4). Even 
healthy adolescents develop insulin 
resistance when GH and IGF-I increase 
during the period of rapid longitudinal 
growth, suggesting that GH effects are 
not balanced by the insulin-like effects 
of IGF-I (5). IGF-I improves insulin 
sensitivity directly by stimulating glucose 
uptake in human muscle ex vivo  with 
the same potency as that of insulin (6) 
and IGF-I administration reduces insulin 
needs in healthy subjects (7). Although 
direct IGF-I effects are significant (8), 
IGF-I also reduces GH secretion by 
feedback inhibition and thereby 
indirectly increases insulin sensitivity 
(9).  
 
During puberty patients with T1DM have 
growth hormone hypersecretion (10) 
(11) and markedly subnormal IGF-I 
levels (12) which further augment their 
insulin resistance during the period of 
rapid growth. The relative GH 
hypersecretion is secondary to 
decreased negative IGF-I feedback on 
pituitary GH secretion (13).The 
subnormal IGF-I levels are thought to be 
due to portal insulinopenia and growth 
hormone receptor (GHR) resistance 
(14). The starting of subcutaneous 
insulin therapy in newly diagnosed 
T1DM patients increases IGF-I (15) 
although direct portal insulin infusion 
(16) or intra-peritoneal insulin delivery 
(17) is required to completely restore 
normal IGF-I concentrations. The 
molecular mechanisms by which insulin 
promotes GH signaling are not well 

understood. GH binding protein (GHBP) 
is the extracellular part of the GHR that 
is shredded into the bloodstream after 
proteolytic degradation. GHBP may 
reflect to some extent the hepatic GHR 
number and function. GHBP is reduced 
in pubertal type 1 diabetic patients (18) 
and increases during intraperitoneal 
insulin delivery (17).  
 
The functional importance of low IGF-I 
in T1DM is suggested by direct IGF-I 
effects on glucose metabolism in T1DM 
(8). Adjunctive administration of IGF-I 
(19) or IGF-I/ IGFBP-3 (13) in T1DM 
patients decreases insulin requirements 
and improves insulin sensitivity in short-
term studies. The association of 
increased IGF-I and improved insulin 
sensitivity with decreased GH secretion 
in these studies has not been found in 
longer-term studies demonstrating 
improved glycemic control (20) (21). 
Direct IGF-I effects on glucose 
metabolism and its negative feedback 
on GH are modulated by a family of six 
IGF-binding proteins (IGFBPs). 
Circulating IGFBPs reduce the glucose-
lowering potency of systemically 
administered IGF-I (22). Insulin 
deficiency impairs the suppression of 
hepatic IGFBP-1 production in T1DM, 
and increased IGFBP-1 may attribute to 
attenuation of the insulin-like effects of 
circulating IGF-I. Hepatic production and 
circulating levels of IGFBP-1 are 
decreased during hyperinsulinemic 
clamps in T1DM patients (23) and even 
in surgical patients with peripheral 
insulin resistance (24). Thus, IGFBP-1 is 
considered to be a marker of hepatic 
insulin actions. IGFBP-3 binds 95% of 
circulating IGF-I in a circulating ternary 
complex with an acid labile subunit 
(ALS). Proteolysis of IGFBP-3 
decreases IGF-I affinity and has been 
shown to increase circulating IGF-I 
activity (25). In adolescent boys with 
T1DM, proteolysis of IGFBP-3 is 



increased and this may partly counteract 
the effects of increased IGFBP-1 on 
circulating IGF-I activity (26). 
Intensive insulin treatment is frequently 
based on a basal bolus regimen with 
NPH combined with mealtime insulin 
therapy (MIT) with a rapid-acting insulin 
analogue. It has been shown that the 
long-acting insulin analogue, Glargine, 
with sustained delivery of insulin over 24 
hours (27), improves HbA1c (28, 29) 
and reduces the incidence of nocturnal 
hypoglycemia compared with NPH (30). 
The rather short duration of the effect of 
NPH given at bedtime contributes to the 
dawn phenomenon with increasing B-
glucose levels in the early morning. It is 
likely that early-morning insulinopenia 
further contributes to low IGF-I levels, 
growth hormone hypersecretion, and 
insulin resistance. In the present study 
changes in the GH-IGF-IGFBP-axis, not 
previously reported, were assessed in 
adolescents with T1DM changing basal 
insulin from NPH to glargine. We report 
that the increase in IGF-I and decrease 
in IGFBP-1 are associated with 
improvement of HbA1c, while GH 
secretion is unaffected. 
 
RESEARCH DESIGN AND METHODS 
Subjects 
We recruited 12 adolescents, four boys 
and eight girls, with T1DM from our 
outpatient clinic. Their mean age was 
12.7 years (range 11.1–15.0), mean 
diabetes duration 3.1 years ( range 1.0–
6.0), mean BMI 18.6 kg/m2 (range 15.9–
24.7) and mean HbA1c 8.3 ± 0.6 % 
(Mono S standard) . They were all in 
puberty and, according to Tanner 
staging (31), the girls were B2–B3 and 
boys G2–G3. The reported total insulin 
dose was 1.1 IU/kg x day (range 0.5–
2.1). One female patient had a 
suspected viral infection at the 6-week 
admission and was excluded from 
calculations at that timepoint.   
 
Study Protocol 

Patients underwent a physical 
examination for Tanner staging 
approximately 4 weeks before the start 
of the study. They were instructed to 
change their current insulin doses to 
optimize metabolic control. Each subject 
was admitted to our clinical research 
unit during 26 hours (16:00 to 18:00 + 1 
day) before the start of Glargine (0 
week) and after 6 weeks on Glargine. In 
addition, they were studied in the 
morning fasted state after 1, 2, 4, 8, and 
12 weeks on Glargine. At the first 
admission, all subjects were on 
MIT/NPH with NPH insulin twice daily 
and the rapid-acting insulin analogue 
Lispro or Aspart at meal and snack 
times at 18:00, 21:00, 09:00, 12:00, and 
14:30 hours. Bedtime was from 24:00 to 
08:30 hours. Following admission, two 
peripheral venous catheters (antecubital 
or dorsal hand) as well as gluteal probes 
for continuous glucose monitoring 
system (CGMS) and microdialysis were 
inserted on pre-anesthetized (EMLA®) 
locations. Blood samples were drawn at 
cannulation (18:00) and then every 30 
minutes from 21:00 to 17:00 the next 
day. Hormone determinations between 
00:00 and 10:00 were defined as 
overnight and the remaining ones as 
daytime. Blood samples were allowed to 
clot (5°C,  2.0 h) and serum was stored 
at - 20°C.  All samples were analyzed in 
the same batch and all samples from 
each individual within the same assay 
run.    
The first dose of Glargine was given 
before dinner immediately after the first 
24-hour admission. The initial once daily 
Glargine dose equaled ≈ 80% of the 
total NPH dose. After 6 weeks on 
Glargine, the 24-hour blood sampling 
procedure was repeated.  At the visits at 
1, 2, 4, 8, and 12 weeks after starting 
Glargine, morning fasting samples were 
obtained and subjects were examined 
and advised to change insulin doses to 
optimize their metabolic control.  
Ethics 



All participants and their parents gave 
their written informed consent. The 
study was approved by the local ethical 
committee of Karolinska Institute, 
Stockholm, Sweden, No. 2003-006. 
 
Biochemical Methods 
IGF-I 
Serum IGF-I was determined after acid-
ethanol extraction in a RIA using des(1-
3)IGF-I as radioligand (32). The intra- 
and interassay coefficients of variation 
(CV) were 5% and 11%, respectively.  
IGF-I SDS were calculated by adjusting 
for gender and Tanner stage as 
previously described (33). IGF-I was 
measured 3 times during the 24-hour 
study period (18:00, 06:00 and 17:00) at 
0 and 6 weeks as well as at 08:00 at 2, 
4, 8, and 12 weeks. 
 
GH 
GH was analyzed in serum by a 
commercial DELFIA from Perkin Elmer 
(Wallac, Turku, Finland) according to 
the manufacturer’s directions. Standards 
were prepared against WHO Reference 
Preparation 80/505. The intra- and 
interassay -CV was 3.4% and 5.3%, 
respectively. GH profiles were assessed 
by a peak detection program (Pulsar) 
from determinations at every 30 
minutes.  
IGFBP-1 
The total IGFBP-1 serum levels were 
determined by a radioimmunoassay 
(RIA) described in (34) modified from 
(35). The detection limit was 6 µg/L and 
the intra- and interassay CV was 5.6 
and 11.8%, respectively. IGFBP-1 was 
analyzed hourly from 21:00 to 17:00.  
IGFBP-3 Proteolysis (IGFBP-3-PA) 
Serum IGFBP-3-PA was determined by 
in vitro degradation of 125I-IGFBP-3 as 
detailed in (34). Briefly, serum was 
incubated with 125I labeled glycosylated 
rhIGFBP-3 (Upstate, VA, USA) for 5 
hours (37°C). Proteolysis was stopped 
by adding SDS-sample buffer and 
samples were processed overnight (50 

V) on 12% SDS-PAGE. Gels were dried, 
exposed to hyperfilm (Amersham 
Biosciences, Sweden) and the optical 
density of the bands was quantified 
using Image J (National Institutes of 
Health, USA). IGFBP-3-PA was 
expressed as a percentage of all 
IGFBP-3 fragments relative to the total 
intensity. IGFBP-3-PA was determined 
every 4 hours from 21:00 to 17:00. 
GHBP 
Serum GHBP was analyzed by means 
of a commercial ELISA kit (Diagnostic 
Systems Laboratories Inc., TX, USA) 
according to the manufacturer's 
instructions  
(DSL-10-48100). GHBP was determined 
at 06:00 hours. 
HbA1c 
Blood collected on filter paper was 
analyzed for HbA1c by HPLC (Variant II, 
Bio-Rad Laboratories, Hercules, CA, 
USA). The normal reference value is < 
5.2 %. The intra-assay CV was 2.9 %. 
All values are Swedish Mono-S 
standard (Mono-S = DCCT x 1,0678–
1,341). 
 
Data Analysis 
Results are expressed as the mean ± 
SEM if not stated otherwise. Data 
distribution was checked for normality 
and analyzed by repeated-measures 
one-way ANOVA with pairwise multiple 
comparison procedures (Student-
Newman-Keul method) or Student’s 
paired T-test was used when 
appropriate, and correlations were 
analyzed by linear regression (Sigma 
Stat 2.0, SYSTAT Software Inc. London, 
UK). P < 0.05 was considered 
significant. 
 
RESULTS  
 
Auxology 
During intensified treatment with 
Glargine, body weight increased from 
46.8 ± 2.5 kg to 48.3 ± 2.5 kg (P = 
0.002),  height from 157.8 ± 2.0 cm to 



158.7 ± 2.0 cm (P = 0.002), and BMI 
from 18.7 ± 0.8 kg/ m2 to 19.1 ± 0.9 kg/ 
m2 (P = 0.03) in the 11 patients studied 
at 6 weeks.  
 
HbA1c 
Intensified treatment with Glargine 
significantly decreased HbA1c (Mono-S 
standard) from 8.3 ± 0.6% to a nadir of 
6.9 ± 0.3% at 6 weeks (P < 0.002, 
n=11). The improvement in HbA1c was 
already significant at 2 weeks (7.5 ± 0.4 
%, P < 0.008)and was sustained at the 
end of the 12-week study period (7.3 ± 
0.3 %, P < 0.008) in all patients (Figure 
1B). 
 
IGF-I 
The mean total IGF-I level increased as 
early as after 1 week from 231 ± 19 µg/L 
to 309 ± 17 µg/L (P < 0.001) and was 
increased by 44 ± 7% at 4 weeks (P < 
0.001) (Figure 1A). At 6 weeks on the 
fasting morning, IGF-I was 274 ± 25 
µg/L (P= 0.022) or 17 ± 9% over the 
starting value. Subsequently, the 
increase consolidated with a peak value 
of 347 ± 25 µg/L (P < 0.001) or 54 ± 9% 
over baseline at 12 weeks. HbA1c at 0 
weeks was positively correlated with the 
percentage increase in IGF-I at all time 
points (r = 0.93, P < 0.001 at 6 weeks). 
The changes in IGF-I mirrored HbA1c 
changes as shown in Figure 1 and the 
percentage changes in IGF-I and HbA1c 
were inversely correlated at 6 weeks (r = 
- 0.64; P = 0.035) as well as at 4 weeks 
(r = - 0.64; P = 0.026 ) and 8 weeks ( r = 
- 0.81; P = 0.001). The individual mean 
IGF-I SDS was markedly subnormal on 
NPH at 0 weeks (- 1.8 ± 0.4 SDS) with 5 
patients having values below –2 SDS 
and only one patient having IGF-I SDS 
above 0 SDS (1.2 SDS). Individual IGF-I 
SDS correlated inversely with HbA1c (r 
= - 0.64, P = 0.025) at 0 weeks. 
Although 12 weeks of treatment 
markedly increased the mean IGF-I 
SDS by 54 ± 9% to - 0.55 ± 0.3 SDS 
(P>0.001), IGF-I SDS was in the lower 

normal range in all patients except the 
one with an IGF-I SDS of 1.2 at basal. 
 
During both admissions a significant 
diurnal variation in IGF-I levels was 
observed with the lowest values in the 
morning samples. On NPH insulin, IGF-I 
was 249 ± 24 µg/L at 18:00 hours, 231 ±  
19 µg/L at 06:00 and 248 ± 23 µg/L at 
17:00 hours (P <0.05).  After 6 weeks on 
Glargine, IGF-I was 307 ± 27 µg/L, 274 
±  25 µg/L, and 286 ±  24 µg/L, 
respectively (P = 0.002). 
 
IGFBP-1 
The individual IGFBP-1 levels during the 
admission periods at 0 and 6 weeks are 
shown in Figure 2A. In the majority of 
patients, IGFBP-1 displayed a diurnal 
rhythm with higher levels during the 
night and early morning.  On Glargine, 
the excursions of IGFBP-1 to higher 
levels in the early morning were 
suppressed. The mean overnight 
IGFBP-1 concentration decreased 
significantly from 127 ± 21 ng/mL to 90 ± 
12 ng/mL, (P = 0.035) but did not reach 
significance when evaluated over the 
total admission periods (P = 0.065). 
There were no correlations between the 
percentage change in IGF-I and IGFBP-
1 or the percentage change in HbA1c 
and IGFBP-1 from 0 weeks to 6 weeks. 
 
Growth Hormone  
The individual GH levels during the 
admission periods at 0 and 6 weeks are 
shown in Figure 2B.  In general, the 
individual patterns of GH pulses were 
similar before and after Glargine. The 
GH peaks appeared to be equally 
distributed during the day and night 
although some patients displayed more 
normal rhythms with more peaks during 
the night. There were no significant 
changes in measures of GH secretion 
(mean, mean overnight, AUC) or the GH 
secretory pattern (peak number, peak 
height, peak length, or inter-peak 



interval) after 6 weeks on Glargine 
(Pulsar analysis, data not shown). 
 
GHBP 
The mean GHBPs determined at 0 
weeks and 6 weeks did not significantly 
differ (523 ± 95 vs. 488 ± 80 pmol/L). 
 
IGFBP-3-PA 
The individual IGFBP-3-PA profiles 
during the admission periods at 0 and 6 
weeks are shown in Figure 2C. The 
mean IGFBP-3-PA on Glargine was 
significantly lower than that on NPH 
(35.2 ± 1.2 vs. 33.3 ± 1.3, P<0.001). 
Day mean values were significantly 
higher than night mean values on both 
NPH and Glargine (P = 0.003 and 
0.002, respectively).  
 
Insulin Dosage  
The mean total insulin dose given during 
the first admission was 1.21 ± 0.12 
IU/kg. After 6 weeks the mean total 
insulin dose given was 1.05 ± 0.11 IU/kg 
or 89 ± 6% of the initially given total 
dose, although this did not reach 
significance (P = 0.13). Interestingly, the 
change in total insulin dose and the 
change in IGF-I were positively 
correlated (r = 0.61, P=0.046).  
 
DISCUSSION 
 
This is the first study to report that start 
of intensified treatment using Glargine 
as basal insulin in adolescents with 
T1DM on MIT resulting in improved 
HbA1c is associated with markedly 
increased circulating IGF-I and 
decreased nightly IGFBP-1 secretion. 
Previous studies of newly diagnosed 
patients with T1DM have demonstrated 
increased IGF-I levels after the initiation 
of insulin treatment (15). However, 
portal delivery of insulin (16,17) is 
required to restore normal circulating 
IGF-I by improving hepatic GH 
sensitivity. The study design of the 
present study does not allow us to 

separate the effects of the intensified 
treatment with frequent visits and 
supervision from a direct role of 
Glargine on improved HbA1c and 
increased IGF-I. Data from adolescent 
T1DM patients on insulin pump suggest 
that an intensified treatment regime 
improves HbA1c by reducing the 
number of omitted meal doses (36). 
Therefore intensified treatment per se 
may be expected to predominantly 
increase insulin action daytime. In favor 
of a specific effect of Glargine in our 
study is the decrease in the overnight 
mean IGFBP-1, but not 20-hour mean 
IGFBP-1 after 6 weeks. This finding 
suggests that Glargine through 
sustained hepatic delivery promotes 
insulin action during the night. The use 
of IGFBP-1 as a marker of hepatic 
insulin effects is based on the fact that 
circulating IGFBP-1 is liver-derived and 
that insulin suppression of IGFBP-1 
production is the major determinant of 
circulating IGFBP-1 levels. This is also 
true in subjects with peripheral insulin 
resistance (24), which may be expected 
in our patients. At the present time 
measurements of the insulin 
concentration in a sample containing 
several insulin analogues are not 
possible. The role of a sufficient insulin 
delivery for GH induction of circulating 
IGF-I is further emphasized by the 
positive correlation between the change 
in the total insulin dose and IGF-I, which 
suggests that if the insulin dose is 
markedly decreased, an IGF-I increase 
cannot be supported. The diurnal 
rhythm of IGF-I with low levels in the 
morning is a new finding in adolescents 
with T1DM and has not been found with 
older IGF-I assay protocols (37). 
Whether or not diminished nightly 
delivery of insulin contributes to the 
decreasing IGF-I levels should be 
further investigated. Even in healthy 
subjects, the lower insulin secretion 
during overnight fasting may contribute 
to their diurnal rhythm (38) and the 



nightly absence of meal insulin in our 
patients may explain that depressed 
morning IGF-I persists on Glargine. The 
lack of significant changes in GHBP in 
our study is in contrast with the finding 
of increased GHBP in patients on 
continuous peritoneal insulin delivery 
(17). Given the lack of significant 
changes in the total insulin dose, GH 
secretion, and GHBP on Glargine, the 
improved hepatic insulin action appears 
to increase GH sensitivity and IGF-I 
generation by post-receptor 
mechanisms.  Whether decreases in 
cytokines such as IL-6 or TNF-α via 
decreased activation of SOCS or other 
hormonal changes are involved in 
improved GH receptor signaling is 
currently under investigation. 
 
The present study does not allow us to 
determine the causal relationship 
between the increase in circulating IGF-I 
and the improved HbA1c. An 
improvement in glycemic control was 
obtained despite the lack of change in 
insulin dose. It is possible that the action 
profile of Glargine leads to improved 
nightly glucose homeostasis and 
through reduced glucose toxicity in 
peripheral tissues to increased insulin 
sensitivity and improved HbA1c. 
Increased hepatic insulin sensitivity may 
subsequently result in improved GH 
generation of IGF-I and increased 
systemic IGF-I levels. More likely, 
increased IGF-I levels may depend on a 
sustained nightly hepatic insulin action 
of Glargine, as demonstrated by 
decreased nightly IGFBP-1 secretion, 
and increased hepatic GH sensitivity. In 
that case, the improvement in glucose 
homeostasis and HbA1c is secondary to 
increased IGF-I effects on glucose 
homeostasis. Exogenous administration 
of IGF-I is known to decrease insulin 
needs in healthy subjects and T1DM 
patients (19). However, some of these 
effects are related to a suppression of 
GH, particularly in T1DM. In our study, 

overnight or 20-hour GH secretion did 
not change despite the marked increase 
in IGF-I. Therefore, if IGF-I actually 
improves HbA1c in our study, it is likely 
to be independent of GH effects on 
insulin sensitivity.  Acute administration 
of IGF-I or IGF-I/IGFBP-3 decreases 
overnight GH secretion and overnight 
insulin needs (19) (13). IGF-I/IGFBP-3 
reduced hepatic glucose output while 
peripheral glucose uptake remained 
unchanged (39). In the IGF-I/IGFBP-3 
dose-response study, an IGF-I increase 
of at least 50% was necessary to 
suppress overnight GH secretion. In our 
study, IGF-I increased at the most by 
50% but only by 17 % at 6 weeks when 
GH was evaluated. In line with this 
finding, the severe IGF-I deficiency in 
our patients prior to Glargine treatment 
was only partially normalized. This may 
explain why GH secretion was not 
affected in our study or in other longer-
term studies with adjunctive IGF-I 
treatment of adolescent T1DM patients 
(21) (20). Thus IGF-I feedback inhibition 
of GH secretion may only be significant 
in individuals with sufficient IGF-I levels.  
 
The direct effects of circulating IGF-I on 
glucose homeostasis and also its ability 
to suppress GH secretion are regulated 
by high affinity binding of IGF-I to six 
IGFBPs. Proteolytic fragmentation of 
IGFBP-3, the major determinant of IGF-I 
turnover in the circulation, is increased 
in midpubertal boys with T1DM (26). We 
hypothesized that IGFBP-3-PA was up-
regulated to increase IGF-I 
bioavailability and that is further 
supported by our present finding of 
decreased IGFBP-3-PA when total 
circulating IGF-I increases on Glargine. 
On the other hand, the decrease in 
nighttime IGFBP-1 secretion on 
Glargine may increase circulating IGF-I 
bioavailability in concert with increased 
total IGF-I. These changes in IGFBP-3-
PA and IGFBP-1 are expected to have 
opposite effects on the bioavailability of 



circulating IGF-I. Since data from our 
laboratory have questioned the 
validity/relevance of free IGF-I 
determinations (40), we decided not to 
perform such determinations. Instead, 
we have recently developed a 
microdialysis method to probe tissue 
interstitial free IGF-I concentrations (41). 
This method should enable future 
determinations of local IGF-I activity in 
tissues involved in diabetic 
complications (42,43) . 
 
The clinical relevance of the present 
study must await randomized controlled 
long term trials comparing medium long-
acting NPH with long-acting insulin 
analogs such as Glargine and Detemir. 
However, the present study suggests 
that it will be important to monitor the 
GH-IGF-IGFBP-system which is 
associated with changes in HbA1c and 
which may play a specific role as a 
marker of future diabetic complications. 
It also demonstrates an association 
between changes in IGF-I and the total 
insulin dose suggesting that, after the 
initial dose titration, one should strive to 
maintain the total insulin dose. In our 
study of adolescent children with rapid 
linear growth, minor but significant 
increases in weight and BMI were 
observed in accord with previous 
studies (44). However, the physiological 
increase in BMI in this age group should 
also be considered.  
 
We report that Glargine increases 
circulating IGF-I in the absence of 
changes in insulin dose. This is 
conceivable with improved hepatic 
insulin action as demonstrated by 
increased overnight inhibition of IGFBP-
1 production. The lack of significant 
changes in GH secretion and GHBP 
suggests that improved GH induction of 
hepatic IGF-I production is due to post-
receptor mechanisms. Furthermore, our 
study suggests that IGF-I therapy may 
be needed to fully normalize IGF-I and 

prevent adverse effects of GH 
hypersecretion on peripheral insulin 
sensitivity and local IGF-I generation.  
 
 
 
 
 
ACKNOWLEDGMENTS  
IGF-I was provided by Paul Fielder, 
Genentech, USA. The catching IGF-I 
monoclonal antibody was a gift from 
Novo Nordisk, Denmark. We would like 
to thank Sten Rosberg, Gothenburg 
University, Sweden, for performing the 
pulsar analysis. This work was 
supported by an unrestricted grant from 
Sanofi Aventis and grants from the 
Samariten, Wera Ekstrom, Frimurare 
Barnhuset, Swedish Society of 
Medicine, Barnavård, 
Barndiabetesfonden, and Crown 
Princess Lovisa Society for Medicine. 



 REFERENCES 
 
1. Dunger DB, Acerini CL: IGF-I and diabetes in adolescence. Diabetes Metab 

24:101-107, 1998 
2. Bajaj M, Suraamornkul S, Romanelli A, Cline GW, Mandarino LJ, Shulman GI, 

DeFronzo RA: Effect of a sustained reduction in plasma free fatty acid 
concentration on intramuscular long-chain fatty Acyl-CoAs and insulin action in 
type 2 diabetic patients. Diabetes 54:3148-3153, 2005 

3. Ueki K, Kondo T, Kahn CR: Suppressor of cytokine signaling 1 (SOCS-1) and 
SOCS-3 cause insulin resistance through inhibition of tyrosine phosphorylation 
of insulin receptor substrate proteins by discrete mechanisms. Mol Cell Biol 
24:5434-5446, 2004 

4. Dominici FP, Argentino DP, Munoz MC, Miquet JG, Sotelo AI, Turyn D: Influence 
of the crosstalk between growth hormone and insulin signalling on the 
modulation of insulin sensitivity. Growth Horm IGF Res 15:324-336, 2005 

5. Moran A, Jacobs DR, Jr., Steinberger J, Cohen P, Hong CP, Prineas R, Sinaiko 
AR: Association between the insulin resistance of puberty and the insulin-like 
growth factor-I/growth hormone axis. J Clin Endocrinol Metab 87:4817-4820, 
2002 

6. Dohm GL, Elton CW, Raju MS, Mooney ND, DiMarchi R, Pories WJ, Flickinger 
EG, Atkinson SM, Jr., Caro JF: IGF-I--stimulated glucose transport in human 
skeletal muscle and IGF-I resistance in obesity and NIDDM. Diabetes 
39:1028-1032, 1990 

7. Hussain MA, Schmitz O, Mengel A, Keller A, Christiansen JS, Zapf J, Froesch ER: 
Insulin-like growth factor I stimulates lipid oxidation, reduces protein oxidation, 
and enhances insulin sensitivity in humans. J Clin Invest 92:2249-2256, 1993 

8. Simpson HL, Jackson NC, Shojaee-Moradie F, Jones RH, Russell-Jones DL, 
Sonksen PH, Dunger DB, Umpleby AM: Insulin-like growth factor I has a direct 
effect on glucose and protein metabolism, but no effect on lipid metabolism in 
type 1 diabetes. J Clin Endocrinol Metab 89:425-432, 2004 

9. Yakar S, Setser J, Zhao H, Stannard B, Haluzik M, Glatt V, Bouxsein ML, Kopchick 
JJ, LeRoith D: Inhibition of growth hormone action improves insulin sensitivity 
in liver IGF-1-deficient mice. J Clin Invest 113:96-105, 2004 

10. Edge JA, Hourd P, Edwards R, Dunger DB: Urinary growth hormone during 
puberty in normal and diabetic children. Clin Endocrinol (Oxf) 30:413-420, 
1989 

11. Edge JA, Matthews DR, Dunger DB: The dawn phenomenon is related to 
overnight growth hormone release in adolescent diabetics. Clin Endocrinol 
(Oxf) 33:729-737, 1990 

12. Zachrisson I, Brismar K, Hall K, Wallensteen M, Dahlqvist G: Determinants of 
growth in diabetic pubertal subjects. Diabetes Care 20:1261-1265, 1997 

13. Saukkonen T, Amin R, Williams RM, Fox C, Yuen KC, White MA, Umpleby AM, 
Acerini CL, Dunger DB: Dose-dependent effects of recombinant human 
insulin-like growth factor (IGF)-I/IGF binding protein-3 complex on overnight 
growth hormone secretion and insulin sensitivity in type 1 diabetes. J Clin 
Endocrinol Metab 89:4634-4641, 2004 

14. Daughaday WH, Phillips LS, Mueller MC: The effects of insulin and growth 
hormone on the release of somatomedin by the isolated rat liver. 
Endocrinology 98:1214-1219, 1976 



15. Bereket A, Lang CH, Blethen SL, Gelato MC, Fan J, Frost RA, Wilson TA: Effect 
of insulin on the insulin-like growth factor system in children with new-onset 
insulin-dependent diabetes mellitus. J Clin Endocrinol Metab 80:1312-1317, 
1995 

16. Shishko PI, Dreval AV, Abugova IA, Zajarny IU, Goncharov VC: Insulin-like 
growth factors and binding proteins in patients with recent-onset type 1 
(insulin-dependent) diabetes mellitus: influence of diabetes control and 
intraportal insulin infusion. Diabetes Res Clin Pract 25:1-12, 1994 

17. Hanaire-Broutin H, Sallerin-Caute B, Poncet MF, Tauber M, Bastide R, Chale JJ, 
Rosenfeld R, Tauber JP: Effect of intraperitoneal insulin delivery on growth 
hormone binding protein, insulin-like growth factor (IGF)-I, and IGF-binding 
protein-3 in IDDM. Diabetologia 39:1498-1504, 1996 

18. Menon RK, Arslanian S, May B, Cutfield WS, Sperling MA: Diminished growth 
hormone-binding protein in children with insulin-dependent diabetes mellitus. J 
Clin Endocrinol Metab 74:934-938, 1992 

19. Cheetham TD, Clayton KL, Taylor AM, Holly J, Matthews DR, Dunger DB: The 
effects of recombinant human insulin-like growth factor I on growth hormone 
secretion in adolescents with insulin dependent diabetes mellitus. Clin 
Endocrinol (Oxf) 40:515-522, 1994 

20. Cheetham TD, Holly JM, Clayton K, Cwyfan-Hughes S, Dunger DB: The effects 
of repeated daily recombinant human insulin-like growth factor I administration 
in adolescents with type 1 diabetes. Diabet Med 12:885-892, 1995 

21. Thrailkill K, Quattrin T, Baker L, Litton J, Dwigun K, Rearson M, Poppenheimer M, 
Kotlovker D, Giltinan D, Gesundheit N, Martha P, Jr.: Dual hormonal 
replacement therapy with insulin and recombinant human insulin-like growth 
factor (IGF)-I in insulin-dependent diabetes mellitus: effects on the growth 
hormone/IGF/IGF-binding protein system. J Clin Endocrinol Metab 82:1181-
1187, 1997 

22. Guler HP, Zapf J, Froesch ER: Short-term metabolic effects of recombinant 
human insulin-like growth factor I in healthy adults. N Engl J Med 317:137-
140, 1987 

23. Brismar K, Fernqvist-Forbes E, Wahren J, Hall K: Effect of insulin on the hepatic 
production of insulin-like growth factor-binding protein-1 (IGFBP-1), IGFBP-3, 
and IGF-I in insulin-dependent diabetes. J Clin Endocrinol Metab 79:872-878, 
1994 

24. Bang P, Nygren J, Carlsson-Skwirut C, Thorell A, Ljungqvist O: Postoperative 
induction of insulin-like growth factor binding protein-3 proteolytic activity: 
relation to insulin and insulin sensitivity. J Clin Endocrinol Metab 83:2509-
2515, 1998 

25. Blat C, Villaudy J, Binoux M: In vivo proteolysis of serum insulin-like growth factor 
(IGF) binding protein-3 results in increased availability of IGF to target cells. J 
Clin Invest 93:2286-2290, 1994 

26. Zachrisson I, Brismar K, Carlsson-Skwirut C, Dahlquist G, Wallensteen M, Bang 
P: Increased 24 h mean insulin-like growth factor binding protein-3 proteolytic 
activity in pubertal type 1 diabetic boys. Growth Horm IGF Res 10:324-331, 
2000 

27. Heise T, Nosek L, Ronn BB, Endahl L, Heinemann L, Kapitza C, Draeger E: 
Lower within-subject variability of insulin detemir in comparison to NPH insulin 
and Glargine in people with type 1 diabetes. Diabetes 53:1614-1620, 2004 



28. Porcellati F, Rossetti P, Pampanelli S, Fanelli CG, Torlone E, Scionti L, Perriello 
G, Bolli GB: Better long-term glycaemic control with the basal insulin glargine 
as compared with NPH in patients with Type 1 diabetes mellitus given meal-
time lispro insulin. Diabetic Medicine 21:1213-1220, 2004 

29. Thisted H, Johnsen SP, Rungby J: An update on the long-acting Insulin analogue 
glargine. Basic & Clinical Pharmacology & Toxicology 99:1-11, 2006 

30. Murphy NP, Keane SM, Ong KK, Ford-Adams M, Edge JA, Acerini CL, Dunger 
DB: Randomized cross-over trial of insulin glargine plus lispro or NPH insulin 
plus regular human insulin in adolescents with type 1 diabetes on intensive 
insulin regimens. Diabetes Care 26:799-804, 2003 

31. Tanner JM, Whitehouse RH: Clinical longitudinal standards for height, weight, 
height velocity, weight velocity, and stages of puberty. Arch Dis Child 51:170-
179, 1976 

32. Bang P, Eriksson U, Sara V, Wivall IL, Hall K: Comparison of acid ethanol 
extraction and acid gel filtration prior to IGF-I and IGF-II radioimmunoassays: 
improvement of determinations in acid ethanol extracts by the use of truncated 
IGF-I as radioligand. Acta Endocrinol (Copenh) 124:620-629, 1991 

33. Juul A, Bang P, Hertel NT, Main K, Dalgaard P, Jorgensen K, Muller J, Hall K, 
Skakkebaek NE: Serum insulin-like growth factor-I in 1030 healthy children, 
adolescents, and adults: relation to age, sex, stage of puberty, testicular size, 
and body mass index. J Clin Endocrinol Metab 78:744-752, 1994 

34. Pihl S, Carlsson-Skwirut C, Berg U, Ekstrom K, Bang P: Acute Interleukin-6 
Infusion Increases IGFBP-1 but has no short-term effect on IGFBP-3 
proteolysis in healthy men. Horm Res 65:177-184, 2006 

35. Westwood M, Gibson JM, Davies AJ, Young RJ, White A: The phosphorylation 
pattern of insulin-like growth factor-binding protein-1 in normal plasma is 
different from that in amniotic fluid and changes during pregnancy. J Clin 
Endocrinol Metab 79:1735-1741, 1994 

36. Burdick J, Chase HP, Slover RH, Knievel K, Scrimgeour L, Maniatis AK, 
Klingensmith GJ: Receiving Insulin Pump Therapy Missed Insulin Meal 
Boluses and Elevated Hemoglobin A1c Levels in Children. Pediatrics 113: 
221-224, 2004 

37. Taylor AM, Dunger DB, Preece MA, Holly JM, Smith CP, Wass JA, Patel S, Tate 
VE: The growth hormone independent insulin-like growth factor-I binding 
protein BP-28 is associated with serum insulin-like growth factor-I inhibitory 
bioactivity in adolescent insulin-dependent diabetics. Clin Endocrinol (Oxf) 
32:229-239, 1990 

38. Juul A, Moller S, Mosfeldt-Laursen E, Rasmussen MH, Scheike T, Pedersen SA, 
Kastrup KW, Yu H, Mistry J, Rasmussen S, Muller J, Henriksen J, Skakkebaek 
NE: The acid-labile subunit of human ternary insulin-like growth factor binding 
protein complex in serum: hepatosplanchnic release, diurnal variation, 
circulating concentrations in healthy subjects, and diagnostic use in patients 
with growth hormone deficiency. J Clin Endocrinol Metab 83:4408-4415, 1998 

39. Saukkonen T, Shojaee-Moradie F, Williams RM, Amin R, Yuen KC, Watts A, 
Acerini CL, Umpleby AM, Dunger DB: Effects of recombinant human IGF-
I/IGF-binding protein-3 complex on glucose and glycerol metabolism in type 1 
diabetes. Diabetes 55:2365-2370, 2006 

40. Bang P, Ahlsen M, Berg U, Carlsson-Skwirut C: Free insulin-like growth factor I: 
are we hunting a ghost? Horm Res 55 Suppl 2:84-93, 2001 



41. Berg U, Gustafsson T, Sundberg CJ, Carlsson-Skwirut C, Hall K, Jakeman P, 
Bang P: Local changes in the insulin-like growth factor system in human 
skeletal muscle assessed by microdialysis and arteriovenous differences 
technique. Growth Horm IGF Res 16:217-223, 2006 

42. Nichols TC, du Laney T, Zheng B, Bellinger DA, Nickols GA, Engleman W, 
Clemmons DR: Reduction in atherosclerotic lesion size in pigs by alphaVbeta3 
inhibitors is associated with inhibition of insulin-like growth factor-I-mediated 
signaling. Circ Res 85:1040-1045, 1999 

43. Schrijvers BF, De Vriese AS, Flyvbjerg A: From hyperglycemia to diabetic kidney 
disease: the role of metabolic, hemodynamic, intracellular factors and growth 
factors/cytokines. Endocr Rev 25:971-1010, 2004 

44. Rachmiel M, Perlman K, Daneman D: Insulin analogues in children and teens 
with type 1 diabetes: advantages and caveats. Pediatr Clin North Am 52:1651-
1675, 2005 

 
 



 
Figure 1: IGF-I (A) and HbA1c (B) on meal insulin therapy using basal NPH insulin 
(MIT/NPH) at basal (0 weeks) and during 12 weeks on MIT/Glargine treatment  in 12 
adolescents with T1DM. * P < 0.05, ** P <  0.01, *** P < 0.001  
 
 
 
 
 
 
 
 



 



Figure 2: Individual (A) IGFBP-1 profiles,  GH profiles (B) and  IGFBP-3 proteolysis 
profiles (C) during the first admission period on MIT/NPH at 0 weeks (●) and during 
the second admisson period 6 weeks after start of MIT/Glargine (▼).  
 
 
 
 
 
 
 
 
 


	Abbreviated title: Long Acting Insulin Effects on the IGF-sy
	Correspondence:

