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Summary

This review addresses the possible role of the insulin-like growth factor (IGF)-
axis in normal glucose homoeostasis and in the etiopathogenesis of type 2
diabetes. IGF-I, a peptide hormone, shares amino acid sequence homology
with insulin and has insulin-like activity; most notably, the promotion of
glucose uptake by peripheral tissues. Type 2 diabetes as well as pre-diabetic
states, including impaired fasting glucose and impaired glucose tolerance,
are associated cross-sectionally with altered circulating levels of IGF-I and
its binding proteins (IGFBPs). Administration of recombinant human IGF-I
has been reported to improve insulin sensitivity in healthy individuals as
well as in patients with insulin resistance and type 2 diabetes. Further, IGF-I
may have beneficial effects on systemic inflammation, a risk factor for type 2
diabetes, and on pancreatic S-cell mass and function. There is considerable
inter-individual heterogeneity in endogenous levels of IGF-I and its binding
proteins; however, the relationship between these variations and the risk
of developing type 2 diabetes has not been extensively investigated. Large
prospective studies are required to evaluate this association. Copyright ©
2009 John Wiley & Sons, Ltd.
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Introduction

The insulin-like growth factor (IGF)-axis is an evolutionarily conserved system
involved in the regulation of cell growth, proliferation, and survival that
affects nearly every organ system in the body. This axis includes two growth
factors, IGF-I and IGF-II, six IGF-binding proteins (IGFBP-1 to -6), and
nine IGFBP-related proteins (IGFBP-rPs) [1-3]. IGF-I mediates many of the
somatic effects of growth hormone (GH) and most cells express the IGF-I
receptor (IGF-IR) [4]. Indeed, laboratory and epidemiological studies suggest
that the IGF-axis may be involved in the pathogenesis of a wide range of
health conditions, including several common cancers [5], osteoporosis [6],
and possibly coronary heart disease [7].

IGF-I may also have a role in regulating glucose and lipid metabolism.
In vitro studies conducted as early as the 1960s observed that insulin did not
account for all the insulin-like activity (ILA) detected in human serum [8].
Research at the time found that a significant fraction of ILA could not be
suppressed by antibodies targeted against insulin, and was instead attributed
to a newly isolated molecule which was later named IGF-I1 [9]. IGF-I shares
structural homology and downstream signaling pathways with insulin, and
laboratory data have shown that IGF-I has insulin-like effects on peripheral
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uptake of glucose and fatty acids [1,10]. Further,
exogenous administration of recombinant human IGF-I
enhances insulin sensitivity in healthy adults [11,12] as
well as those with type 2 diabetes [13]. Insulin resistance
states including obesity, a strong risk factor for type 2
diabetes, have been associated with altered levels of IGF-
I and its binding proteins in circulation [14]. Against
this background, the purpose of this review, therefore,
is to critically evaluate the existing evidence for a role
of the IGF-axis in the maintenance of normal glucose
homeostasis as well as in the etiology of type 2 diabetes.

Overview of the IGF-axis

IGF-I is a peptide hormone that shares nearly 50% amino
acid sequence homology with proinsulin, and like insulin,
is composed of an alpha and a beta chain connected by
disulfide bonds [10]. Most IGF-I in circulation is produced
by the liver, with IGF-I levels largely regulated by GH via
a negative feedback mechanism [15]. However, other
factors may also affect hepatic IGF-I synthesis, including
nutrition (e.g. caloric intake and protein consumption),
insulin, and inflammatory cytokines [16—21]. IGF-I levels
are relatively low in fetal life, peak at the time of the
adolescent growth spurt, and then undergo a slow decline
during adulthood [22-25].

The effects of IGF-I are primarily mediated by its
binding to the IGF-IR [26]. The IGF-IR, like the insulin
receptor, is comprised of two membrane-spanning alpha
subunits and two intracellular beta subunits. Insulin
and IGF-I can bind to each other’s receptors, albeit
with low affinity, and only at high (non-physiological)
levels [27,28]. IGF-II can bind the IGF-IR as well its
own receptor, IGF-IIR [29,30], however, the function of
IGF-II in adults is not well understood. The binding of
both IGF-I and insulin to their respective receptors results
in the activation of the tyrosine kinase domain present
in these receptors, and post-receptor phosphorylation of
members of the insulin receptor substrate (IRS) family
[31]. The insulin receptor preferentially phosphorylates
IRS-1, whereas IGF-IR preferentially phosphorylates IRS-
2, which may partly correspond to the differences in their
activity [26]. IGF-1is a more potent mitogen with stronger
anti-apoptotic activity than insulin, and plays a major role
in regulating cell replication, differentiation, and survival
[32], whereas insulin has stronger metabolic activity than
IGF-I [33].

In addition to the IGF-IR and the insulin receptor, there
are hybrid receptors composed of one alpha and one
beta subunit of the IGF-IR, and one alpha and one beta
subunit of the insulin receptor. Depending on the insulin
receptor isoform present (either IR-A or IR-B), these
hybrid receptors may vary both in their relative affinity
for IGF-I, IGF-II, and insulin, as well as in their activity
[34-36]. A hybrid receptor containing isoform IR-A, for
example, strongly binds both insulin and IGF-II and is
most extensively expressed by embryonic, hematopoietic,
central nervous system, and tumor cells. In contrast, a
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hybrid receptor containing the IR-B isoform is expressed
predominantly in muscle and adipose tissue [37,38],
which are important target tissues for insulin action.
These IR-B isoform hybrid receptors represent a possible
signaling pathway for the insulin-like effects of IGF-I. A
recent laboratory study, in fact, suggested that the binding
of IGF-I with these hybrid receptors may be as potent in
stimulating glucose uptake as insulin binding with its
receptor [39]. It is possible, therefore, that tissue-specific
differences in the insulin-like activity of IGF-I could at
least be partly attributable to the differences in receptor
distribution.

In contrast to insulin, which is largely unbound to
any transport molecules, as much as 99% of IGF-I in
circulation is bound to one of the six IGF-binding proteins
(IGFBPs) [40]. By binding IGF-I, IGFBPs can prevent
its proteolysis and extend its half-life in serum, while
also reducing its bio-availability. For example, the most
abundant IGFBP in circulation, IGFBP-3, forms a ternary
complex with IGF-I and an acid-labile subunit (ALS). The
half-life of this ternary complex is 12-15 hours, whereas
it is <10 minutes for ‘free’ or unbound IGF-I [41]. These
relationships are complex, however, and certain IGFBPs
may additionally act as transport molecules helping
to transport IGF-I to its target cells, and some may
even modulate the interaction of IGF-I with its cellular
receptors.

Furthermore, IGFBPs have biological activity that is
independent of IGF-I [42]. IGFBP-3, for example, can
directly bind to cellular targets involved in the cell-
cycle, including the ribonucleic acid polymerase II binding
subunit 3 (Rpb3), suggesting a possible role of IGFBP-
3 in directly regulating gene transcription [43]. The
effects of IGFBP-3 on cell-cycle are largely opposite to
those of IGF-I since IGFBP-3 is pro-apoptotic [44-53]
and anti-proliferative [52,54-58]. Although the IGFBP
family was recently expanded to include nine IGFBP-rPs
that can bind IGF-I and IGF-II [3,59], some investigators
have challenged their inclusion due to absence of clear
phylogenetic relationships between the IGFBP-rPs and the
IGFBPs [60], and the limited understanding of IGFBP-rP
function.

Total circulating IGF-I and IGFBP-3 levels appear to
have little or no detectable diurnal or circadian variation
[61,62]. However, there is extensive inter-individual
variation in levels of total IGF-I [62-65] and the IGFBPs
[7,62-64,66]. It is reasonable, therefore, to assume that
these inter-individual differences could play a role in
the risk of disease. Only approximately 1% of IGF-I in
circulation is reported to be unbound to IGFBPs [33],
but this ‘free’ IGF-I levels, like total IGF-I levels, are
heterogeneous across individuals [41,67]. Free IGF-I has
been proposed by some investigators to be the main
bioactive component of IGF-I in circulation (as is the
case for several other hormones; e.g. estradiol, thyroid
hormone). Unlike total IGF-I, though, free IGF-I levels
may vary significantly in the post-prandial state, largely
due to the regulation of IGFBP-1 by insulin (see below).
While the importance of circulating free IGF-I to IGF
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activity is debated, laboratory data suggest that free, and
not total, IGF-I levels in circulation regulate the negative
feedback loop with GH [68]. Currently, several methods
are available to estimate free IGF-I levels [33,69-71]. The
most commonly employed methods, based on enzyme-
linked immunoassays, likely detect the easily dissociable
as well as the free IGF-I fraction. The relevance of the
easily dissociable fraction, if any, and its bioactivity is yet
unknown.

The IGF-axis and glucose and lipid
metabolism

Insulin is the primary regulator of glucose metabolism,
but it is reasonable to hypothesize that the IGF-axis might
also play a role in maintaining glucose homeostasis.
As mentioned, laboratory studies have found that IGF-
I can promote glucose uptake in certain peripheral
tissues [11,12,72,73]. Although the magnitude of this
effect is only 4-7% of that of insulin [33,74], the
molar concentration of IGF-I in human plasma is 100-
fold greater than concentration of insulin. Of the
two important peripheral tissues involved in glucose
homeostasis, skeletal muscle and adipose tissue, muscle
has been shown to have much higher IGF-IR expression
[4,75]. Under normal physiologic conditions, therefore, it
has been hypothesized that IGF-I might influence glucose
homeostasis largely through its insulin-like effects on
muscle. In the presence of insulin resistance, though,
there is up-regulation of insulin/IGF hybrid receptor
expression in both muscle and fat tissue [76-80]. Studies
have also shown that IGF-I can suppress hepatic glucose
production [73,81-83]. In short, there are at least several
mechanisms through which IGF-I could, theoretically,
affect glucose homeostasis.

In keeping with the above, a significant positive
correlation between insulin sensitivity and endogenous
IGF-I concentration among patients with varying degrees
of glucose intolerance was reported [84], and the
investigators estimated that as much as 11% of the
variation in insulin sensitivity could relate to circulating
IGF-I levels. Although this was a cross-sectional study,
other studies provide additional relevant evidence.
Exogenous IGF-I administration, for example, has been
shown to reduce serum glucose levels [33,85,86], an
effect not only observed among healthy individuals
[12,33,87,88] but also in those with insulin resistance
[89,90], type 1 [91-93] and type 2 diabetes [13,83,94].
Interestingly, in several of these studies, investigators
further demonstrated that these exogenous IGF-I-induced
reductions in serum glucose levels were accompanied by
an improvement in insulin sensitivity [83,88,93]. There is
also some genetic evidence for a role of IGF-I in glucose
metabolism. In particular, a rare state of IGF-I deficiency
related to a homozygous partial deletion in the IGF-
I gene (IGFI) has been associated with severe insulin
resistance, which is normalized by IGF-I therapy [95,96].
This insulin-sensitizing effect of IGF-I may not only be due
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to its GH-suppressing effect but also due to independent
IGF-I effects [97]. In addition, similar to IGF-I, congenital
GH deficiency is also associated with insulin resistance
and chronic complications of hyperglycaemia [98,99]. It
is also important to note, however, that some of the
metabolic actions of IGF-I are opposite to that of GH, for
example, IGF-I decreases glucose and insulin whereas GH
raises both [100,101].

IGFBPs are also hypothesized to have a role in glucose
metabolism. In particular, IGFBP-1 may acutely regulate
glucose levels through its effects on free IGF-I [102].
Several sources of evidence point to this possibility:
(i) insulin suppresses IGFBP-1 gene transcription [103],
and changes in insulin levels are correlated with relatively
acute changes in circulating IGFBP-1 levels [104,105];
(ii) endogenous IGFBP-1 levels correlate inversely with
free IGF-1 levels [63,104,106]; (iii) exogenous IGFBP-1
injection has been shown to cause reductions in free
IGF-I levels [107] and circulating glucose levels [108];
(iv) reduced IGFBP-1 synthesis and circulating levels are
observed in states of insulin resistance, such as obesity
(a potential compensatory mechanism; see next section)
[109-112]. Although insulin may additionally regulate
IGFBP-2, its relationship with IGFBP-2 is not as strong
as that with IGFBP-1 [113]. IGFBP-2 levels are thought
to be affected by chronically high insulin levels, but not
by acute changes in insulin as observed with IGFBP-1.
Nonetheless, the relation of IGFBP-2 with insulin may
be important. Indeed, IGFBP-2 is the principal binding
protein secreted by differentiating white pre-adipocytes
[114], suggesting a role for IGFBP-2 in the adipocyte
self-regulation (autocrine control). To our knowledge,
though, there have been no prospective human data to
distinguish the effects of IGFBP-2 on obesity from the
effects of obesity-induced hyperinsulinemia on IGFBP-2.

Less well known is that, IGFBP-3, the most abundant
IGFBP in circulation, may play a role in glucose
homeostasis. It has been reported that IGFBP-3 binds to a
nuclear receptor, 9-cis retinoic acid receptor-alpha (RXR-
«), which interacts with peroxisome proliferator activated
receptor-gamma (PPAR-y), a nuclear protein involved in
the regulation of glucose and lipid metabolism [115,116].
Overall, the metabolic effects of IGFBP-3, like its cell-
cycle effects, are largely opposite to those of IGF-I [117].
Recent transgenic animal data, for example, demonstrate
that overexpression of IGFBP-3 is associated with fasting
hyperglycemia and impaired glucose tolerance (IGT) in
mice [118,119]. The role of the remaining IGFBPs and
IGFBP-1Ps in glucose regulation have been little studied,
albeit, it was recently reported that circulating IGFBP-rP1
levels are elevated in the presence of insulin resistance
[120]. In addition, another study reported a significant
correlation (r = 0.4, p < 0.0001) between fasting glucose
levels and IGFBP-rP1 levels in cancer tissues [121].

The IGF-axis may also affect lipid metabolism.
Specifically, in vitro studies have shown that IGF-I may
have insulin-like effects in promoting the uptake of
free fatty acids (FFA) into adipocytes, hepatocytes, and
other tissues, and secondly, in promoting lipogenesis
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[83,122]. Consistent with this, several human studies
[12,83,123,124], albeit, not all [11,33,72], reported
that exogenous IGF-I administration significantly lowered
serum FFA levels. In one typical study, for example,
recombinant IGF-I administration reduced serum FFA
levels from a mean of 411+ 58 uM at baseline to just
165+ 36 uM (p < 0.001), with similar effects observed
among patients with and without type 2 diabetes [83].
In general, FFA uptake is thought to be the predominant
mechanism, with promotion of lipogenesis playing only
a minor role in the IGF-axis’s effects on FFAs. It is also
interesting to note that while IGF-I mediates many of the
cell-cycle effects of GH, the two hormones have sometimes
opposing metabolic effects, including in relation to FFA
homeostasis. That is, while IGF-I may reduce serum
FFA levels, as above, GH promotes lipolysis [125]. As
discussed below, however, there may be a disconnect
between GH and IGF-I levels in the face of increasing
obesity and insulin resistance, and the effects of IGF-I
in reducing serum FFA may be important in improving
insulin sensitivity related to the ‘lipotoxic’ effect of FFA
(e.g., on pancreatic B-cells) [126-128].

The IGF-axis and type 2 diabetes

The evidence summarized above, suggesting that the IGF-
axis plays a role in maintaining glucose homeostasis,
provides a biological rationale for further hypothesizing
that it may also have a role in the etiopathogenesis of type
2 diabetes. Indeed, cross-sectional data have repeatedly
shown that obesity and insulin resistance are associated
with a number of alterations in the IGF-axis and related
factors.

Obesity, for example, is associated with hyposecretion
of GH, the major regulator of IGF-I secretion by the
liver, but circulating levels of total IGF-I are not low,
and free IGF-I levels may actually be elevated in
obesity [14,129]. How might this be explained? First,
adipocytes can produce IGF-I, and in obese individuals,
may significantly contribute to circulating IGF-I levels
[130]. Second, insulin, as mentioned, stimulates hepatic
IGF-I synthesis [21] which may partly offset the impact of
GH hyposecretion on IGF-I production by the liver. Third,
insulin increases the fraction of circulating free IGF-I by
down-regulating hepatic synthesis of IGFBP-1 and to a
lesser extent, the hepatic secretion of IGFBP-2 [131,132].
Indeed, several studies have reported that free IGF-I
levels are elevated in obesity [14,67,132-135], while
total IGF-I levels remain within normal range [14,135]. It
may be reasonable, therefore, to additionally hypothesize
that high free IGF-I levels themselves play a role in GH
hyposecretion in obese patients.

Similarly, cross-sectional studies have found that free
IGF-1 levels are, on average, elevated in patients with IGT
and type 2 diabetes [14], and our data [136] and that
of others [110,137,138], have shown that IGFBP-1 levels
are low in people with IGT and type 2 diabetes. IGFBP-3,
in contrast, has a positive cross-sectional correlation with
fasting insulin and C-peptide levels [139-141].
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Taken as a whole, these data lead us to speculate
that low IGFBP-1, possibly low IGFBP-2, and high free
IGF-1 represent compensatory mechanisms in response
to increasing insulin resistance, whereas high IGFBP-3
may be a risk factor for insulin resistance and type 2
diabetes. These hypotheses, however, can only be assessed
in appropriate prospective studies.

Prospective data

Cross-sectional studies are limited in their ability to assess
causality. That is, the diabetic state itself may be the
cause of changes in the IGF-axis rather than the other
way around - a situation appropriately termed ‘reverse’
causality. Cross-sectional data cannot, for example,
distinguish between the effects of hyperinsulinemia
on IGFBP-1 versus the effects of IGFBP-1 on insulin
resistance. Furthermore, in patients with overt diabetes,
the use of pharmacologic agents (e.g. insulin therapy oral
medications) may also affect the IGF-axis [142-144]. In
short, we expect the prospective analysis to conflict with
prior cross-sectional data (Table 1).

However, prospective data regarding the IGF-axis and
its association with the risk of type 2 diabetes are sparse.
The human data that do exist are small metabolic studies
and just two prospective epidemiologic studies, only one
of which was conducted among healthy adults.

The metabolic data were mentioned in earlier sections.
Briefly, administration of recombinant IGF-I was found
to reduce serum glucose levels and improve insulin
sensitivity in healthy individuals [12,33,87] as well as
among those with existing insulin resistance [89,90], or
type 2 diabetes [13,94]. These studies of exogenous IGF-I
administration provide indirect evidence that relatively
high endogenous levels of IGF-I may reduce insulin
resistance and, thereby, lower the risk of type 2 diabetes.

In one prospective epidemiologic study among healthy
adults, Sandhu et al. [145] studied total IGF-I and IGFBP-
1 levels among 615 women and men 45-65 years
of age. Consistent with the above hypotheses, the
study found an inverse association between IGF-I levels
and the risk of developing IGT/type 2 diabetes after
an average of 4.5 years of follow-up. Specifically, the
risk of incident type 2 diabetes in adults with IGF-I
levels above the median was approximately half that
in those with IGF-I levels below the median (odds
ratio [OR] = 0.50; 95% CI: 0.26-0.95). In addition,
there was an inverse association between total IGF-
I levels at baseline and the 2-hour post-load glucose
concentration measured at the end of follow-up; albeit,
only among subjects with low IGFBP-1 concentrations
(<25 pug/mL). These data are fairly consistent with the
hypothesis that IGFBP-1, which is down-regulated by
insulin, may affect glucose metabolism by regulating
IGF-I bio-availability. Nonetheless, the interpretation of
these findings is somewhat limited by the relatively small
sample size of the study (number of cases: IGT = 44 and
diabetes = 7), the use of a combined outcome (IGT/type
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2 diabetes), and the absence of data regarding free IGF-I
or additional IGFBPs, including IGFBP-2 and IGFBP-3. A
second prospective study was conducted among patients
hospitalized with acute myocardial infarction (n = 186).
While this was a highly selected population, as in the
above prospective study, the risk of subsequent IGT/type
2 diabetes was lower among those with high baseline
IGF-I levels compared to those with low levels (OR: 0.29;
95% CI: 0.09, 0.91) [146].

Thus, the limited prospective epidemiologic data that
exist at this time suggest a protective effect of IGF-
I against the development of type 2 diabetes. A more
comprehensive assessment of the IGF-axis with adequate
control for relevant cofactors is now warranted.

Summary of potential mechanisms

Insulin-like IGF-I activity

Figure 1 shows a schematic representation of the
hypothesized role of the IGF-axis in the pathogenesis of
type 2 diabetes. Specifically, we propose that circulating
IGF-I (most importantly, free IGF-I) helps maintain
euglycemia in the face of increasing insulin resistance,
largely by impacting the peripheral uptake of glucose.
This at first involves mainly the insulin-like effects of IGF-I
on the IGF-IR present in muscle tissue, but with worsening
of insulin resistance there is an increased expression of
the hybrid receptors in muscle as well as in adipose tissue
leading to increased glucose uptake in both these tissues
[77-80]. The insulin-like effects of IGF-I and increases in

‘
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hybrid receptor expression, also result in greater uptake
of FFA [83], reducing the negative impact of FFA on
insulin sensitivity, as well as the ‘lipotoxic’ effect of FFA
on pancreatic 8-cells [126-128]. Furthermore, as insulin
resistance worsens, and insulin levels rise, these higher
insulin levels result in lower serum IGFBP-1 levels, up-
regulation of hepatic IGF-I production, and higher levels
of free (presumably, bioactive) IGF-I levels.

Additional mechanisms

Although the insulin-like effects of IGF-I are likely the
major contribution of the IGF-axis to glucose homeostasis,
IGF-I may additionally influence the risk of type 2 diabetes
through its effects on pancreatic B-cells [147-153].
B-cells express the IGF-IR, and the tyrosine kinase activity
of these receptors on the IRS pathways could potentially
alter insulin secretion by influencing cell replication and
survival [154,155]. For example, the reintroduction of
B-cell IRS-2 in irs-2 knockout mice was found to result in
an increase in B-cell number and volume (consistent with
the mitogenic and anti-apoptotic activity of IGF-I and its
signaling pathway), as well as the resolution of diabetes
in these animals [156]. Disruption of IGF-IR function on
B-cells, in contrast, impaired the insulin response
to glucose [150,152]. Certain laboratory data have
complicated this view, however. In contrast to the
hormonal effects of IGF-I, these laboratory studies
suggested that locally produced IGF-I might have a
paradoxical effect, actually inhibiting islet cell growth
[157,158]. The most recent data from these same

| Systemic inflammation

W

Insulin resistance

l
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exhaustion
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Figure 1. Schematic representation for the role of IGF-axis in the pathogenesis of type 2 diabetes
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Table 1. Current cross-sectional vs predicted prospective associations between the IGF-axis and Type 2 diabetes®

Cross-sectional associations

Obesity/pre-diabetes®  Type 2 diabetes

Predicted prospective association
with type 2 diabetes

Remark

Total IGF-I  Normal levels Normal levels
risk of diabetes
Free IGF-I Elevated levels Elevated levels
than that for total IGF-I)
IGFBP-1 Reduced levels Reduced levels
risk of diabetes
IGFBP-2 Reduced levels Reduced levels
risk of diabetes
IGFBP-3 Elevated levels Elevated levels

risk of diabetes

Low levels associated with increased

Low levels associated with increased
diabetes risk (stronger association

High levels associated with increased

High levels associated with increased

High levels associated with increased

IGF-I has insulin-like effects on glucose and FFA
uptake as well as other effects that may
compensate for increasing insulin resistance. Total
IGF-I levels are normal despite GH hyposecretion,
due to production by adipocytes, and insulin
stimulation of hepatic IGF-I synthesis.

Free IGF-I may be more bio-available than bound
IGF-I, and may, as above, compensate for insulin
resistance. If correct, those with insulin resistance
who have low free IGF-I levels will be at an
increased diabetes risk.

IGFBP-1 reduces the bio-availability of IGF-I. Insulin,
however, down-regulates IGFBP-1, increasing free
IGF-1 levels in the face of insulin resistance; a
potential compensatory mechanism.
Cross-sectionally, though, low IGFBP-1 falsely
appears to be associated with diabetes.

Similar to IGFBP-1.

IGFBP-3 reduces the bio-availability of IGF-I,
increasing risk of diabetes. Insulin does not,
however, regulate IGFBP-3; hence, reverse causality
is not an issue with IGFBP-3 (unlike with IGFBP-1
and -2, above).

2Cross-sectional data reflect not only the effects of the IGF-axis parameter (e.g. IGF-I) on diabetes, but also the effects of the diabetes on the parameter
(reverse causality). For example, the high free IGF-I levels observed in people with type 2 diabetes may not be because high IGF-I causes diabetes but
because increases in free IGF-I are, in theory, a compensatory (protective) mechanism in the face of increasing insulin resistance.

bprediabetes includes impaired glucose tolerance and impaired fasting glucose.

laboratories, though, promote the idea that while IGF-
I may not directly increase S-cell replication, IGF-I does
have a positive survival (anti-apoptotic) effect [159] In
any event, taken as a whole, these data to date suggest
that the IGF-axis may play a role in early stages of the
development of type 2 diabetes [160-162], helping to
preserve B-cell mass and function.

Lastly, the IGF-axis may influence the risk of type 2
diabetes through the anti-inflammatory effects of IGF-I.
Recent data suggest that high levels of C-reactive protein
(CRP) and inflammatory cytokines are associated with
insulin resistance and increase the risk of type 2 diabetes
[20,163,164]. Data from our group [136] and others
[18,19,165], have shown a significant inverse correlation
between levels of IGF-I with CRP and other cytokine
levels; laboratory data indicate that this may involve the
effects of IGF-I on cytokines [166], the effects of cytokines
on the IGF-axis [167-170], or more likely both. Thus,
these data raise the possibility that the IGF-axis may alter
inflammatory cytokine levels and, thereby, affect insulin
resistance and its progression to type 2 diabetes.

Conclusion

Several lines of evidence suggest that the IGF-axis has
an important role in the maintenance of normal glucose
homeostasis and may contribute to the etiopathogenesis
of type 2 diabetes. Invitro and animal data have
demonstrated that IGF-I has insulin-like effects in
peripheral tissues. Cross-sectional studies in humans

Copyright © 2009 John Wiley & Sons, Ltd.

indicate that levels of IGF-I and its binding proteins are
altered in adults with obesity, insulin resistance, and type
2 diabetes. Only one prospective cohort study, however,
has evaluated the association between the IGF-axis and
risk of type 2 diabetes in healthy individuals, and that
study, while reporting intriguing data consistent with an
IGF-axis—type 2 diabetes relationship, was limited by its
small sample size and by incomplete assessment of the
IGF-axis. Prospective cohort studies of appropriate size,
and with relevant data to control for other major risk
factors, are needed to assess the fundamental question
of whether the IGF-axis plays a significant etiopathogenic
role in the development of type 2 diabetes.
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