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Is Insulin Resistance a Treatment 
Target?

Thomas Reinehr

�Introduction

As in adulthood, obesity in childhood contrib-
utes to an increased prevalence of cardiovascular 
risk factors, such as hypertension, hypertriglyc-
eridemia, low high-density lipoprotein (HDL) 
cholesterol, and impaired glucose metabolism 
[1–5] (see Table 17.1). The clustering of these 
risk factors is summarized in the definition of 
metabolic syndrome (MetS), which is associ-
ated with atherosclerosis and cardiovascular 
diseases leading to increased morbidity and 
mortality [6–12].

Insulin resistance is regarded as the key mech-
anism in MetS linking obesity to cardiovascular 
risk factors [6, 13] and type 2 diabetes melli-
tus (T2D), in both adults and children [14–16]. 
Confirmatory factor analysis of adult data sug-
gests one pathophysiological mechanism under-
lying all cardiovascular risk factors summarized 
in the definition of MetS is insulin resistance [17, 
18]. Other diseases linked to insulin resistance 
are polycystic ovarian syndrome (PCOS) [19] 
and nonalcoholic fatty liver disease (NAFLD), 
which are also associated with MetS [20].

Recently, based on this observation, pedia-
tricians have increasingly been treating insulin 
resistance using lifestyle interventions and drugs, 
such as metformin [21]. Indeed, some studies 
in adolescents demonstrated a positive effect of 
metformin on insulin resistance and associated 
cardiovascular risk factors [22, 23]. However, 
other randomized controlled trials have reported 
no effect [24, 25]. Therefore, before basing treat-
ment recommendations on the concept of insulin 
resistance itself, some shortcomings of its defini-
tions and its measurement in children and ado-
lescents have to be kept in mind, which will be 
discussed in the following.

�Definition of Insulin Resistance

Insulin resistance is defined as the decreased 
tissue response to insulin-mediated cellular 
actions. Therefore, insulin resistance means an 
impairment of insulin action leading to reduced 
whole-body glucose uptake in response to physi-
ological insulin levels [14]. This is manifested by 
decreased insulin-stimulated glucose uptake in 
skeletal muscle and adipose tissue and impaired 
suppression of hepatic glucose output through 
glycogenolysis. Insulin resistance results in 
compensatory increase in insulin secretion. The 
resulting hyperinsulinemia overcomes the insu-
lin resistance for a while and keeps blood glu-
cose in the normal range. However, when relative 
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β(beta)-cell insufficiency (i.e., insulin secretion 
insufficient for the level of hyperglycemia) also 
sets in, overt diabetes develops. Furthermore, 
insulin resistance is associated with deteriora-
tion in fat metabolism [26, 27].

�Underlying Mechanism of Insulin 
Resistance

The mechanisms of insulin resistance involve 
defects in insulin signaling, skeletal muscle and 
adipose triglyceride and fatty acid metabolism, 
glucose uptake, and glucose metabolism, among 
others. Adipose tissue cytokines, such as adipo-
nectin and leptin, and other obesity genes may 
be involved too [28]. In humans, euglycemic 
hyperinsulinemic clamp studies have shown that 
insulin resistance is determined primarily by the 
response of skeletal muscle, with more than 75% 
of infused glucose taken up by muscle and only 
2–3% by adipose tissue [29]. Independent of the 
relation between total body fat and insulin resis-
tance, increased abdominal visceral adipose tis-
sue in obese youth is associated with lower insulin 
sensitivity and higher acute insulin response [30].

�Clinical Picture of Insulin Resistance

Insulin resistance is frequently associated with 
the presence of acanthosis nigricans, as well as 
the occurrence of cardiovascular risk factors sum-

marized in the definition of MetS.  Acanthosis 
nigricans is a condition of the skin presenting as 
pigmentation along with verrucous hypertrophy 
[31]. A typical clinical presentation of insulin 
resistance is mild hypertriglyceridemia combined 
with low HDL cholesterol levels and increased 
blood pressure [26, 32]. However, these clinical 
features cannot define or quantify insulin resis-
tance [14].

�Measurement of Insulin Resistance

There is an ongoing discussion about how insu-
lin resistance in childhood is best assessed. 
Standards for measurements of insulin resis-
tance in children have not been established so far 
[14]. This is due, in part, to the use of a variety of 
techniques to measure insulin sensitivity, lack of 
sufficient cohort sizes to establish normative dis-
tributions for insulin sensitivity, and lack of ade-
quate longitudinal studies to relate definitions of 
insulin resistance to long-term outcomes.

The euglycemic hyperinsulinemic clamp is 
the “gold standard” for measuring insulin sensi-
tivity [14]. The frequently sampled intravenous 
glucose tolerance test (FSIVGTT) and steady-
state plasma glucose (SSPG) methods are also 
valid measurements [14]. However, each of these 
methods is time consuming and costly, requires 
IV infusions and frequent blood sampling in a 
research setting, and is burdensome for partici-
pants. Therefore, these techniques are useful for 
research but not for clinical practice.

Table 17.1  Prevalence of cardiovascular risk factors in 26,008 non-Hispanic white children

Normal weight 
(BMI > 10th–<90th 
percentile)

Overweight (BMI 
90th–< 97th 
percentile)

Obese (BMI 
97th–< 99.5th 
percentile)

Extreme obese 
(BMI ≥ 99.5th 
percentile)

Hypertension 5% 7% 12% 26%
HDL cholesterol <0.91 mmol/l 2% 4% 10% 15%
Triglycerides >1.7 mmol/l 8% 10% 14% 16%
Impaired fasting glucose 1% 1% 1% 4%
Impaired glucose tolerance 0% 5% 6% 8%
Type 2 diabetes mellitus 0% 0.1% 0.2% 0.4%
Clustering of cardiovascular risk 
factors

0% 5% 10% 15%

Adapted from [1]
BMI body mass index, HDL high-density lipoprotein
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Clinicians prefer simple tools, such as fast-
ing glucose. However, fasting glucose showed 
only a weak correlation to continuously mea-
sured blood glucose and insulin resistance [33]. 
Impaired glucose tolerance (IGT) demonstrated 
a better association with continuously mea-
sured blood glucose and insulin resistance [33]. 
However, the reproducibility of pathological 
glucose levels in oral glucose tolerance tests 
is low, therefore limiting its value on an indi-
vidual level [32, 34, 35]. It has been suggested 
that hemoglobin A1c (HbA1c) may be a better 
parameter to describe insulin resistance, since it 
demonstrates the best correlation to continuous 
glucose measurements [33]. However, there are 
no studies in childhood proving the relationship 
between insulin resistance and HbA1c. Likely, 
all parameters—such as fasting glucose, glu-
cose in oral glucose tolerance tests, and HbA1c 
levels—that depend on the measurement of glu-
cose without linking to simultaneous insulin 
concentrations will fail to describe insulin resis-
tance since there is a narrow range of fasting 
glucose even among obese children with insulin 
resistance due to compensatory increased insu-
lin secretion that maintains euglycemia until 
β(beta)-cell decompensation occurs [21]. Thus, 
glucose-based measures are more reflective of 
β(beta)-cell function.

Fasting insulin levels are also not a reli-
able tool for individual assessment of insulin 
resistance [14, 36]. The accuracy of fasting 
insulin as a measure of insulin sensitivity has 
been compared through correlation analyses 
with the euglycemic hyperinsulinemic clamp, 
FSIVGTT, and SSPG and found to be disap-
pointingly poor [37–39]. The value of fasting 
insulin is limited by great intra- and interin-
dividual variability [36]. Insulin secretion is 
pulsatile and normal values change physi-
ologically based on pubertal stage [40], mak-
ing them difficult to interpret in adolescents. 
Furthermore, the insulin assay itself can be a 
source of error; testing of aliquots of a com-
mon sample assayed in different laboratories 

has shown disparate results [41]. Sample pro-
cessing can also introduce error, as insulin lev-
els decrease rapidly if the sample is not frozen 
[36]. In conclusion, fasting insulin is an unreli-
able clinical measure of insulin resistance in 
an individual child and should not be used for 
decision making in daily practice [14].

The homeostasis model assessment (HOMA)

	

HOMA Insulin mU l

Glucose mmol l

� � �
� � �

/

/ / .22 5
	

and the quantitative insulin-sensitivity check 
index (QUICKI)
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are alternative diagnostic tests for insulin resis-
tance that need only a simultaneous fasting 
determination of glucose and insulin [42, 43]. 
Both indices use a mathematical formula that 
adjusts for individual variability in insulin and 
glucose secretion and clearance. Although the 
goal of these methods was to improve the accu-
racy of fasting insulin as a measure of insulin 
resistance by the addition of fasting glucose, it 
is now agreed that they yield similar results to 
fasting insulin alone. For instance, HOMA, the 
most widely used of the surrogate measures in 
children, is highly correlated with fasting insu-
lin (r  =  0.95) in children [37]. These high cor-
relations can be attributed to the narrow range 
of fasting glucose, even among insulin-resistant 
children [21, 37]. In contrast, there is a 53-fold 
variation in fasting insulin in children with and 
without insulin resistance [37]. Therefore, on an 
individual level HOMA and QUICKI have the 
same problems of reliability as described above 
for fasting insulin levels.

A further less-intensive method, the mea-
surement of insulin during the oral glucose tol-
erance test (OGTT), offers the advantage of a 
smaller number of blood samples. Based on these 
measurements, indices such as ISI Cederholm
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are calculated [44]. Good correlations were 
reported in adult studies comparing OGTT-based 
indices with the euglycemic hyperinsulinemic 
clamp [45]. However, the correlation in children 
is less clear. First reports in a small group of obese 
children reported only moderate correlations [46]. 
Finally, this index, as well as other indices such 
as HOMA, cannot distinguish between peripheral 
and hepatic insulin resistance [36].

Using the calculation of HOMA and QUICKI 
as models, a formula using fat metabolism has 
been suggested to describe insulin resistance [26, 
27]. Instead of glucose, free fatty acids (FFAs) 
were used for the mathematical calculation of 
insulin resistance. While these calculations cor-
related well with cardiovascular risk factors 
[26, 27], the same problems seen for HOMA 
and QUICKI were also true for these calcula-
tions, since the great majority of variability is 
accounted for by the insulin levels, while the FFA 
levels differ to a lesser degree between insulin-
resistant and nonresistant humans.

In summary, an accurate assessment of insu-
lin resistance requires an invasive and impracti-
cal test (e.g., the hyperinsulinemic euglycemic 
clamp technique). The Insulin Resistance in 
Children Consensus Conference Group stated 
that there is no justification for screening chil-
dren for insulin resistance by HOMA, QUICKI, 
fasting insulin, or other indices [14]. However, 
having a uniform internationally accepted defi-
nition of insulin resistance that can be measured 
under clinical conditions would be very helpful 
for the description of populations in different 
research studies.

�Influence Factors on Insulin 
Resistance

The two most important biological conditions 
associated with insulin resistance in childhood 
besides obesity are ethnicity and puberty [14]. 
In studies of adult twins, approximately half of 

the variance in insulin sensitivity and secretion 
can be attributed to genetic factors [47]. Healthy 
children with a family history of type 2 diabe-
tes mellitus are more insulin resistant, with an 
impaired balance between insulin sensitivity 
and secretion [48]. Using a variety of methods, 
studies show that non-Hispanic black, Hispanic, 
Pima Indian, and Asian children are less insulin 
sensitive than non-Hispanic white children [49, 
50]. The insulin resistance in minority ethnic 
groups is manifested as lower insulin-stimulated 
glucose uptake, concomitant with hyperinsu-
linemia, evidence of increased insulin secre-
tion from the β(beta)-cell and decreased insulin 
clearance [49, 50].

Pubertal stage has been identified as an 
additional major influence factor on insulin 
resistance. Puberty onset is characterized by a 
physiological ~30% reduction of insulin sensi-
tivity that is reversed when puberty is complete 
[51–54]. Furthermore, impaired glucose toler-
ance and impaired fasting glucose are also more 
frequent in pubertal obese adolescents com-
pared to prepubertal children [55] and normal-
ize at the end of puberty [56]. In a longitudinal 
study in 253 overweight Hispanic youths, insu-
lin resistance increased in both sexes in early 
puberty with a recovery in late puberty [57]. In 
non-Hispanic white children, the same changes 
of insulin resistance during puberty have been 
reported [58]. Pinhas-Hamiel and colleagues 
reported an increase of insulin levels during 
puberty [59]. A rise of insulin resistance has been 
reported already before puberty when adrenarche 
starts [60, 61]. Moreover, it has been reported 
that insulin resistance increases during puberty 
in obese children more than in normal-weight 
children [62–64]. Furthermore, it is well-known 
that glucose metabolism frequently deteriorates 
during puberty in children suffering from type 
1 diabetes mellitus and improves at the end of 
puberty [65].

The reasons for changes of insulin resistance 
during puberty are not yet well-understood. The 
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increase in growth hormone, sex hormone, and 
insulin-like growth factor-1 (IGF-1) that occurs 
during puberty is thought to be the cause of this 
form of insulin resistance [66]. Furthermore, 
puberty has an effect on the fat oxidation rates 
during exercise in both overweight and normal-
weight girls resulting in increased insulin resis-
tance [67]. A temporal relationship between 
insulin resistance and the pubertal decrease in 
physical activity in peripubertal Hispanic and 
non-Hispanic black females has been reported 
[68]. Furthermore, concentrations of sex hor-
mones, adipocytokines, and inflammatory 
cytokines change dramatically during pubertal 
development, making an influence on insulin 
resistance probable [69, 70]: Adiponectin con-
centrations had been negatively correlated to 
many cardiovascular risk factors and decrease 
with onset of puberty in males [71]. An associa-
tion between insulin resistance and leptin has 
also been reported [72]. Sex hormone binding 
globulin levels also predict insulin resistance 
and cardiovascular risk factors during puberty 
[73]. However, the observed relationships 
between various adipocytokines and insulin 
resistance during puberty were weak in longi-
tudinal studies, suggesting additional important 
influences [69].

Interestingly, puberty is also influenced by 
insulin resistance. In mouse models, an interac-
tion between insulin and leptin signaling was 
reported during the peripubertal period in the 
neurons responsible for pubertal development 
[74]. Furthermore, a study in obese children 
reported advanced onset of puberty after met-
formin therapy—a drug that decreases insulin 
resistance [75]. Therefore, there seems to be a 
bidirectional interaction between insulin resis-
tance and puberty.

The compensatory increase in insulin secre-
tion during puberty may be blunted in non-
Hispanic and Hispanic youths, thus increasing 
their risk for T2D around the time of puberty [21, 
76–78]. This points toward genetic factors modu-
lating both insulin resistance and insulin secre-
tion [78, 79].

Furthermore, other factors influencing insu-
lin resistance have been identified in children. 

Hormones secreted by the muscle, such as iri-
sin, are also related to insulin resistance [80]. 
A chronic inflammatory process is also likely 
involved in the relationship between obesity and 
insulin resistance, since inflammation increases 
insulin resistance through different pathways 
[81]. A disturbed secretion of adipocytokines 
and inflammatory markers could be observed 
especially in mesenteric fat [72, 81]. Therefore, 
it is not surprising that some studies in children 
and adolescents reported a stronger correlation 
between waist circumference and insulin resis-
tance than the correlation between body mass 
index (BMI) and insulin resistance [82–85].

�Normal Values for Insulin 
Resistance

There are currently no internationally accepted 
normal values for insulin concentrations in chil-
dren analyzed by age, sex, pubertal stage, and 
genetic background available. This lack of nor-
mal values makes it difficult even for research 
measurements using rigorous approaches—such 
as euglycemic hyperinsulinemic clamp, the fre-
quently sampled IV glucose tolerance test, and 
steady-state plasma glucose—to define at which 
exact cut point insulin resistance starts. Normal 
values for HOMA have been reported [40], but 
the proposed cutoffs are not adjusted for puber-
tal stage. Normal values for insulin adapted to 
pubertal stage have been proposed (for example, 
definition of insulin resistance by fasting insu-
lin: ≥15  mU/l prepubertal, ≥30  mU/l pubertal, 
≥20 mU/l late/postpubertal) [77]. However, stud-
ies validating these proposed cutoffs are missing.

�Insulin Resistance 
as an Independent Cardiovascular 
Risk Factor

Classical cardiovascular risk factors—such as 
hypertension, dyslipidemia, and impaired glu-
cose tolerance—are related to morbidity and 
mortality of obesity [15, 86]. Even though they 
are all based at least in part on insulin resistance, 
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the use of insulin resistance itself as a treatment 
goal, rather than management of classical car-
diovascular risk factors, is only meaningful if 
insulin resistance is itself related to morbidity 
and mortality.

An independent effect of insulin resistance 
on cardiovascular risk in children has been sug-
gested. Fasting insulin levels in 6- to 9-year-old 
children predicted their blood pressure at age 
9–15  years [87]; and in 5- to 9-year-old Pima 
Indian children, fasting insulin was associated 
with the level of weight gain during the subse-
quent 9  years of childhood [88]. The Bogalusa 
Heart Study has shown a strong relationship over 
an 8-year period between persistently high fast-
ing insulin levels and the development of cardio-
vascular risk factors in children and young adults 
[89]. In studies of insulin resistance in child-
hood that used the euglycemic insulin clamp, an 
important independent association of both body 
fatness and insulin resistance with increased car-
diovascular risk factors was shown, as well as 
an interaction between body fatness and insulin 
resistance, so that the presence of both was asso-
ciated with a level of cardiovascular risk greater 
than that expected with either fatness or insulin 
resistance alone [90]. However, none of these 
studies prove that insulin resistance itself, and 
not the associated classical cardiovascular risk 
factors, is related to morbidity and mortality.

Indeed, the role of insulin in the development 
of cardiovascular morbidity remains controver-
sial. Several lines of evidence suggest insulin 
may directly promote cardiovascular pathology. 
Insulin stimulates mitogen-activated protein 
kinase, mitogenesis, and plasminogen activator 
inhibitor-1 within vascular smooth muscle cells 
[91] and stimulates endothelin-1 production, with 
subsequent vascular smooth muscle growth [92]. 
Insulin stimulates ras-p21  in vascular smooth 
muscle, which promotes increased effects of 
other growth factors, such as platelet-derived 
growth factor [93]. The vascular endothelial cell 
insulin receptor knockout mouse has lower blood 
pressure and endothelin-1 levels than its wild-
type counterpart [94].

Conversely, other lines of evidence suggest 
that insulin may be antiatherogenic: Insulin 

inhibits the inflammatory transcription factor 
nuclear factor-κ(kappa)B [95] and decreases 
tumor necrosis factor-α(alpha) [96]. As with 
other hormone-receptor interactions, the duration 
and amplitude of insulin effects may play a role, 
because chronic hyperstimulation by excessive 
ligand may lead to alternative cellular responses 
(e.g., cortisol) or tachyphylaxis (e.g., opioids), 
which would alter hormone action.

Furthermore, not all patients with insulin resis-
tance develop MetS [97]. Therefore, in addition to 
obesity, other metabolic and pathological factors 
(inflammatory factors, adipocytokines, cortisol, 
oxidative stress, vascular factors, heredity, and 
lifestyle factors) are operative in this process [17].

�Studies Treating Insulin Resistance

There are several studies in childhood demon-
strating an improvement of insulin resistance by 
lifestyle intervention, weight loss, and increased 
physical activity [98–100]. However, all these 
studies are based on indices, such as HOMA, 
and not on the gold standard euglycemic hyper-
insulinemic clamp or other rigorous measures of 
insulin sensitivity.

Some studies demonstrated a positive effect 
of metformin on insulin resistance and the asso-
ciated cardiovascular risk factors [14, 22, 23]. 
However, other randomized controlled trails 
reported no effect [24, 25]. This may be explained 
by the fact that children in the untreated control 
group move from mid- to late puberty as the age 
ranges of these studies suggest. This change of 
pubertal status is associated with an improvement 
of cardiovascular risk factors (see above) [101].

�Arguments for Using Insulin 
Resistance as Treatment Goal

There are some important arguments for using 
insulin resistance as a treatment goal (see 
Fig.  17.1). First, all cardiovascular risk factors 
determining morbidity and mortality in obesity 
are related to insulin resistance; it is clear that 
insulin-resistant obese children have significantly 
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greater cardiovascular risk profiles, including the 
metabolic syndrome [17, 90]. Initial observations 
suggest a relationship between insulin resistance 
and arterial stiffness in youth [102, 103]. A role 
for insulin resistance in the early abnormalities 
of vascular smooth muscle is proposed based on 
the observation that circulating biomarkers of 
endothelial dysfunction (intercellular adhesion 
molecule and E-selectin) are highest, whereas 
the antiatherogenic adipocytokine adiponectin is 
lowest among the most insulin-resistant youths 
[104]. Furthermore, insulin resistance is a risk 
factor for prediabetes and type 2 diabetes in 
adults [14].

Improving insulin resistance leads to nor-
malization of all cardiovascular risk factors [98, 
105] and diabetes risk. Weight loss and increased 
physical activity improve insulin resistance [6, 
105–116]. These changes in insulin resistance 

paralleled the changes in cardiovascular risk 
factors during puberty [63, 101, 117] in both 
non-Hispanic whites [101] and Afro-Caribbean 
girls [118].

�Arguments Against Using Insulin 
Resistance as Treatment Goal

Even if the concept of insulin resistance and 
its association with cardiovascular risk factors 
is convincing, there are several shortcomings 
in the definition and measurement of insulin 
resistance that make it impossible to use insulin 
resistance as treatment goal in the clinical set-
ting (see Fig. 17.1). Furthermore, there is a lack 
of evidence in childhood that insulin resistance 
has a higher cardiovascular risk than the sum of 
the classical cardiovascular risk factors, such as 

Fig. 17.1  Arguments pro and contra the insulin resis-
tance as treatment target in childhood. Abbreviations: IGT 
impaired glucose tolerance, T2D type 2 diabetes, HOMA 

homeostasis model assessment, cIMT carotid intima-
media thickness, BMI body mass index
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hypertension, dyslipidemia, and impaired glu-
cose tolerance. Additionally, the degree of insulin 
resistance is not stable in adolescents and there 
are no approved drugs for this indication avail-
able for children.

�Problem of Measurements

Today there is no availability of an accurate, reli-
able, reproducible, and easily applicable method 
of measurement of insulin resistance [14]. It is 
impractical to use any methods requiring mul-
tiple samples because of the complexity, time, 
and cost of testing. Fasting insulin as an index 
of insulin resistance or insulin resistance indices 
such as HOMA or Matsuda may be applicable in 
epidemiological studies using large populations 
of children and/or a well-defined cohort, but not 
on the individual level [14].

�Problem of Cutoffs

Even if a uniformly reliable insulin assay became 
available, separate standards would need to be 
developed by sex, ethnic group, and pubertal 
stage [14, 101]. Without such specific cutoffs, 
treatment goals based on insulin resistance can-
not be determined. However, the use of cutoff 
points for insulin resistance in the absence of 
longitudinal outcome studies represents a major 
concern, since this implies that values above the 
specified thresholds are associated with excess 
risk—although the rationale for the different 
cutoff points has never been delineated in chil-
dren and adolescents [12]. Moreover, the artifi-
cial dichotomization of continuous variables, 
such as insulin resistance, seems debatable since 
dichotomization leads to an unnecessary loss of 
information [119]. In fact, insulin resistance is 
not even linear, which opens up the issue of how 
risk might be weighted more appropriately.

Indeed, the use of rigid cutoff points, such as in 
the definition of MetS for cardiovascular risk fac-
tors and insulin resistance, reduces its prognostic 
value in both adults and children. Mente and col-
leagues reported an underestimation of myocar-

dial infarction in adults using the dichotomous 
variable MetS instead of the continuous variables, 
blood pressure or lipids [120]. Fadini et  al., as 
well as Baldassare and colleagues, reported no 
increased risk in MetS compared to the sum of its 
individual components based on carotid intima-
media thickness (cIMT) measurements. CIMT is 
a noninvasive, reliable, and predictive marker for 
early atherosclerotic changes [121, 122]. We have 
recently reported that the sum of the individual 
components of the different MetS definitions was 
superior to predict presence of increased cIMT in 
obese adolescents compared to the all-or-nothing 
variable: occurrence of MetS [123]. Furthermore, 
adding the MetS indicator to the individual com-
ponents added no additional information to pre-
diction of increased cIMT [123, 124].

�Problem of Predictive Value

There are very limited longitudinal data on 
whether insulin resistance in childhood pre-
dicts the development of impaired glucose 
tolerance (IGT) and type 2 diabetes mellitus 
later in life [14]. A recent longitudinal study 
has shown that obese adolescents progressing 
to IGT manifest primary defects in β(beta)-cell 
function that are aggravated by a progressive 
increase in insulin resistance [125]. However, 
another study reported a low predictive value 
of impaired glucose tolerance for later type 2 
diabetes in the next 3–5 years in adolescents. 
Furthermore, the high reversion rate (66% to 
75%) to normal glucose tolerance in youth 
contrasts to a conversion rate of 30% from 
impaired glucose tolerance to type 2 diabetes 
in 5 years in adults [126, 127]. These findings 
may be attributed, at least in part, to the fact 
that many adolescents in the longitudinal stud-
ies move from mid- to late or postpuberty [35, 
56]. Moreover, there also seems to be a genetic 
contribution, since in Sweden impaired fasting 
glucose is more frequent than in mid-European 
countries and conversion to type 2 diabetes 
more frequent [128, 129].

There are no studies that directly measure in vivo 
insulin resistance and its relationship to atheroscle-
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rotic abnormalities in children. Furthermore, stud-
ies reported that insulin resistance measured by 
HOMA was not a better predictor of increased 
cIMT than BMI alone [130]. Accordingly, some 
studies reported that cardiovascular risk factors cor-
related stronger to degree of overweight than insu-
lin resistance [1, 131]. Obese children and adults 
without cardiovascular risk factors have been clas-
sified as metabolic healthy obese [82, 132, 133]. 
A total of 6–40% of obese adults [134, 135] and 
6–36% of obese children [82–85] are metaboli-
cally healthy. However, longitudinal studies have 
demonstrated that even obese children without car-
diovascular risk factors can switch to an unhealthy 
metabolic state without change in their weight sta-
tus [1, 101]. Also in adults, the status of metabolic 
healthy—characterized by the absence of insulin 
resistance and cardiovascular risk factors—is not 
a steady state [136], questioning the whole concept 
of metabolic healthy since there is no evidence for 
decreased mortality [83–85].

While autopsy studies have shown that the 
extent of early atherosclerosis of the aorta and 
coronary arteries is directly associated with lev-
els of lipids, blood pressure, and obesity in child-
hood and adolescence, this evidence is lacking 
for insulin resistance [137, 138]. In conclusion, 
up to now no outcome study in childhood has 
proven an increased mortality or morbidity due 
to insulin resistance [12, 139].

�Problem of Approved Drugs

Even though metformin improves insulin resis-
tance in several studies in children [14, 22, 23], 
no consistent metabolic effect or change in car-
diovascular risk factors has been demonstrated 
and it has to be stressed that metformin has not 
been approved for the treatment of children with 
insulin resistance.

�Summary

The reported prevalences of hypertension, 
dyslipidemia, and disturbed glucose metabo-
lism in obese children and adolescents under-

line the necessity for screening, since most of 
these disorders are asymptomatic but related 
to later cardiovascular disease. Indications 
for treatment, including antihypertensive and 
lipid- or glucose-lowering drugs and bariatric 
surgery, should be based on weighing of the 
cardiovascular risk factors themselves, keep-
ing in mind the pubertal stage, rather than on 
one single variable, such as insulin resistance. 
Since puberty and genetics influence insulin 
resistance, it is questionable to use definitions 
of insulin resistance in adolescents not account-
ing for pubertal stage and ethnic background. 
Furthermore, we do not currently have feasible 
and reliable measurements of insulin resistance 
that can be used in clinical practice; surrogate 
measures, such as fasting insulin, are poor esti-
mates of insulin sensitivity [14]. There is also a 
lack of validated cutoffs to define insulin resis-
tance in children. Because of these limitations, 
there is no justification for treating insulin 
resistance in children, though insulin resistance 
is associated with cardiovascular risk factor, 
MetS, prediabetes, type 2 diabetes, as well as 
polycystic ovarian syndrome and fatty liver 
disease [14]. Therefore, the mere presence of 
these abnormalities should call for interven-
tion to treat the associated obesity by lifestyle 
intervention, surgery, or medications to reduce 
weight or improve insulin sensitivity without a 
need to measure insulin resistance [14].

Future research should aim at the following:

	1.	 How to best measure insulin sensitivity in 
children and adolescents

	2.	 Standardization of insulin measurements
	3.	 Identification of strong surrogate biomarkers 

of insulin resistance
	4.	 The potential role of both lifestyle interven-

tion and medications in the prevention and 
treatment of insulin resistance

Having a uniform internationally accepted 
definition of insulin resistance for children and 
adolescents adjusted by sex, ethnic background, 
and pubertal stage would be very helpful for the 
description of populations in different studies. 
What is probably needed is not a dichotomous 
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definition of insulin resistance but a more com-
plex weighted scoring system that takes into 
account the magnitude of all of the risk factors, 
their interaction, and other important patient-
specific characteristics [17].
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