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Table 4 HR for mortality from CVD according to green tea consumption: JACC Study, Japan, 1988—2003 (n=82 655)

Green tea consumption

<1 cup/week 1-6 cups/week 1—2 cups/day 3—5 cups/day 26 cups/day p for trend

Men

Person-years 39393 44976 57653 154175 103 167
Total CVD

N 173 165 203 623 525

Age and BMl-adjusted HR 1 0.95 (0.77-1.20) 0.89 (0.73—1.11) 0.92 (0.77—1.10) 1.02 (0.86—1.23) 0.635

Multivariable HR 1 1.09 (0.61—1.96) 1.31 (0.80—2.14) 1.31 (0.86—1.99) 1.42 (0.90—2.24) 0.327
CHD

N 47 46 39 139 101

Age and BMI-adjusted HR 1 1.01 (0.66—1.54) 0.59 (0.37—0.94) 0.75 (0.54—1.07) 0.75 (0.52—1.08) 0.074

Multivariable HR 1 1.28 (0.43—3.86) 0.87 (0.35—2.15) 0.88 (0.41—1.87) 0.74 (0.30—1.78) 0.273
Stroke

N 72 67 87 272 244

Age and BMI-adjusted HR 1 0.97 (0.68—1.38) 0.96 (0.69—1.34) 1.06 (0.76—1.32) 1.19 (0.90—1.58) 0.127

Multivariable HR 1 1.22 (0.48—3.11) 1.23 (0.56—2.70) 1.36 (0.68—2.68) 1.45 (0.69—3.06) 0.779
Women

Person-years 68 286 68111 71987 233032 136 608
Total CVD

N 200 139 154 598 356

Age and BMl-adjusted HR 1 0.77 (0.61—-0.98) 0.71 (0.56—0.89) 0.75 (0.63—0.89) 0.74 (0.62—0.90) 0.007

Multivariable HR 1 1.13 (0.66—1.93) 0.77 (0.48—1.26) 0.81 (0.56—1.18) 0.62 (0.40—0.98) 0.031
CHD

N 41 24 23 108 Vil

Age and BMl-adjusted HR 1 0.69 (0.40—-1.18) 0.54 (0.31—0.94) 0.65 (0.44—0.96) 0.73 (0.48—1.11) 0.275

Multivariable HR 1 0.34 (0.06—1.75) 0.28 (0.07—1.11) 0.39 (0.18—0.85) 0.42 (0.15—-0.92) 0.038
Stroke

N 83 56 84 259 154

Age and BMl-adjusted HR 1 0.74 (0.52—1.07) 0.90 (0.64—1.25) 0.76 (0.58—0.99) 0.57 (0.56—1.01) 0.061

Multivariable HR 1 1.55 (0.67—3.58) 1.10 (0.53—2.26) 1.07 (0.59—1.94) 0.72 (0.34—1.52) 0.206

Multivariable HR was adjusted for body mass index (BMI), history of hypertension, history of diabetes, smoking status, alcohol intake, education, walking hours, hours of sports participation,
perceived mental stress, multivitamin use, vitamin E supplement use, consumption of total fruits, total vegetable, total beans, total meat, total fish and seaweeds, and total daily energy intake.

CHD, coronary heart disease; CVD, cardiovascular disease.

Tea catechins are a major candidate compound responsible for
the inverse association of green tea with CHD among women,
as tea catechins were previously shown to be associated with
a reduced risk of CHD rather than stroke,?® and the antioxidant
activities of catechins were proved to be higher in females than
males in animal studies.’! *? Catechins have direct effects on
cardiomyocytes,® ** as well as vascular benefits that influence
both CVD and cerebrovascular diseases. Direct cardioprotection
by catechins might partly explain the more potent effects of
green tea on CHD rather than stroke. A sex-specific association
of green tea and CVD was also reported by Kuriyama et af,” and
they speculate that confounding by smoking might account for
the sex specificity. However, in the present study, no effect
modification by smoking habits was observed in the stratified
analysis (p=0.396 for interaction). On the other hand, the
consumption of green tea was associated with healthy behav-
jours, including increased physical activity or the increased
consumption of fruits, vegetables and beans. Fruits, vegetables
and beans are enriched with flavonoids or vitamins and have
beneficial effects on CVD.** 3¢ Although we statistically
controlled these variables and no effect modification by these
healthy behaviours was observed, we could not exclude the
possibility of residual confounding. Women consume a larger
amount of healthy foods such as fruits, vegetables and beans
than men, as was shown in the baseline characteristics of the
present study. So, there remains the possibilities that healthy
food intake might enhance the effect of catechins in green tea
and might be associated with the sex difference of green tea
benefits.
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Compared with western populations, the metabolic rate of
caffeine is much slower in Japanese individuals,”” 3% which
might have reduced the beneficial effects of caffeine. On the
other hand, Japanese people consume fish, vegetables and beans
rather than western-style food including red meat. Despite such
genetic and environmental differences in risk profiles of CVD,
a moderate consumption of coffee and teas was consistently
associated with a reduced risk of CVD in both western and
Japanese populations.

There are several limitations in the present study. First, we did
not have data on other dietary sources of caffeine, such as soda,
which is another potential source of caffeine. Soda consumption
may confound the association between caffeine intake and the
risk of CVD mortality. However, soda is consumed at a rate of
approximately one tenth of coffee and teas in Japan, and it is
consumed much less by middle-aged than younger people.*
Therefore, it is less likely that the consumption of soda negatively
affected the results. Second, as the consumption of beverages was
assessed on the basis of self-administered questionnaires, some
misclassification of consumption status could arise. However, as
we mentioned before, this misclassification may be non-differ-
ential and would tend to result in an underestimation of the
impact of coffee, green tea and oolong tea consumption on CVD
mortality. Finally, the observed inverse associations may be
confounded by age because the consumption of coffee and oolong
tea and caffeine intake was significantly inversely associated with
age. To examine whether the association was confounded by age,
we conducted both age-adjusted and age-stratified analyses. We
could not observe any significant interaction with age. In addition,
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Table 5 HR for mortality from CVD according to caffeine intake: JACC Study, Japan, 1988—2003 (n=82 655)

Caffeine intake

Quantile 1 Quantile 2 Quantile 3 Quantile 4 Quantile 5 p for trend

Men

Person-years 44 684 51536 49102 53738 52649
Total CVDease

N 225 210 176 138 125

Age and BMI-adjusted HR 1 0.82 (0.67—1.00) 0.77 (0.62—0.94) 0.69 (0.55—0.86) 0.97 (0.91-1.02) 0.027

Multivariable HR 1 0.83 (0.61—1.13) 0.70 (0.50—0.98) 0.62 (0.43-0.92) 0.95 (0.86—1.05) 0.083*
CHD

N 53 47 35 38 39

Age and BMI-adjusted HR 1 0.78 (0.52—1.18) 0.65 (0.42—1.02) 0.81 (0.52—1.25) 1.03 (0.92—1.15) 0.763

Multivariable HR 1 0.96 (0.49—1.86) 0.68 (0.33—1.40) 0.46 (0.19—1.08) 0.92 (0.74—1.13) 0.158
Stroke

N 102 85 77 59 31

Age and BMI-adjusted HR 1 0.73 (0.54—0.98) 0.73 (0.54—1.00) 0.61 (0.43—0.86) 0.89 (0.74—0.92) <0.001

Multivariable HR 1 0.74 (0.46—1.17) 0.63 (0.38—1.04) 0.65 (0.37-1.13) 0.80 (0.67—0.96) 0.02
Women

Person-years 64 696 68839 82363 77640 77415
Total CVD

N 177 172 143 115 81

Age and BMI-adjusted HR 1 0.85 (0.81—1.28) 0.80 (0.63—1.00) 0.81 (0.63—1.05) 0.95 (0.88—1.02) 0.025

Multivariable HR 1 0.95 (0.66—1.38) 0.95 (0.66—1.38) 0.78 (0.51—-1.19) 0.96 (0.85—1.10) 0.348
CHD

N 20 43 30 16 15

Age and BMl-adjusted HR 1 2.86 (1.55—5.28) 1.84 (0.96—3.50) 1.32 (0.63—-2.73) 1.09 (0.90—1.33) 0.866

Multivariable HR 1 2.10 (0.78—5.67) 1.18 (0.37-3.70) 0.80 (0.21-3.01) 0.98 (0.68—1.40) 0.783
Stroke

N 83 73 52 54 46

Age and BMl-adjusted HR 1 0.83 (0.59—1.16) 0.54 (0.37—0.78) 0.84 (0.72—1.05) 0.99 (0.90—1.09) 0.202

Multivariable HR 1 0.85 (0.51—1.40) 0.65 (0.37—1.12) 0.50 (0.26—0.94) 1.02 (0.85—1.21) 0.228

Multivariable HR was adjusted for body mass index (BMI), history of hypertension, history of diabetes, smoking status, alcohol intake, education, walking hours, hours of sports participation,
perceived mental stress, multivitamin use, vitamin E supplement use, consumption of total fruits, total vegetable, total beans, total meat, total fish and seaweeds and total daily energy intake.

*Non-linear p (cubic spline) <0.001.
CHD, coronary heart disease; CVD, cardiovascular disease.

although green tea was positively associated with age, an inverse
association was observed between green tea consumption and
mortality from CVD. Therefore, it is less likely that the observed

What is already known on this subject

» Many studies have showed the inverse association between
coffee consumption and CVD and have focused on CHD in
which the association of coffee consumption with stroke
remains unclear. Few studies have examined the relationship
between tea consumption and CVD. These data are lacking in
Asian countries.

What this study adds

» This study showed a U-shaped relationship of coffee
consumption and caffeine intake with the risk of mortality
from CVD, especially stroke among Japanese men and
women. . : .

» A higher amount of green tea consumption consistently
decreased the risk of mortality from CVD, especially CHD
among Japanese women.
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inverse associations between green tea and mortality were
confounded by age.

In conclusion, the moderate consumption of coffee, green tea
and oolong tea and caffeine intake was associated with a lower
risk of mortality from CVD. Confirmation of the results of the
present study by other non-western populations or randomised
clinical trials will be worthwhile.
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SPECIAL FEATURE

Consensus Statement

Insulin Resistance in Children: Consensus, Perspective,
and Future Directions

Claire Levy-Marchal, Silva Arslanian, Wayne Cutfield, Alan Sinaiko,

Celine Druet, M. Loredana Marcovecchio, and Francesco Chiarelli, on behalf of
ESPE-LWPES-ISPAD-APPES-APEG-SLEP-JSPE, and the Insulin Resistance in Children
Consensus Conference Group

Institut National de la Santé et de la Recherche Médicale, Unité 690 (C.L.-M., C.D.), Hépital Robert
Debré, 75019 Paris, France; Université Paris Diderot (C.L.-M., C.D.), 75013 Paris, France; Children’s
Hospital of Pittsburgh (S.A.), University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania 15224;
Liggins Institute (W.C.), University of Auckland, Auckland 1142, New Zealand: Department of Pediatrics
(A.S.), University of Minnesota, Minneapolis, Minnesota 55455; and Department of Pediatrics

(M.LM., F.C.), University of Chieti, Chieti 66013, Italy

Objective: Emerging data indicate that insulin resistance is common among children and adoles-
cents and is related to cardiometabolic risk, therefore requiring consideration early in life. How-
ever, there is still confusion on how to define insulin resistance, how to measure it, what its risk
factors are, and whether there are effective strategies to prevent and treat it. A consensus con-
ference was organized in order to clarify these points.

Participants: The consensus was internationally supported by all the major scientific societies in
pediatric endocrinology and 37 participants.

Evidence: An independent and systematic search of the literature was conducted to identify key
articles relating to insulin resistance in children.

Consensus Process: The conference was divided into five themes and working groups: background
and definition; methods of measurement and screening; risk factors and consequences; preven-
tion; and treatment. Each group selected key issues, searched the literature, and developed a draft
document. During a 3-d meeting, these papers were debated and finalized by each group before
presenting them to the full forum for further discussion and agreement.

Conclusions: Given the current childhood obesity epidemic, insulin resistance in children is an
important issue confronting health care professionals. There are no clear criteria to define insulin
resistance in children, and surrogate markers such as fasting insulin are poor measures of insulin
sensitivity. Based on current screening criteriaand methodology, there is no justification for screen-
ing children for insulin resistance. Lifestyle interventions including diet and exercise can improve
insulin sensitivity, whereas drugs should be implemented only in selected cases. (4 Clin Endocrinol
Metab 95: 5189-5198, 2010)

nsulin resistance in adults has been recognized for
decades as a cardinal feature in the development of
type 2 diabetes (T2D) and has been associated with
obesity, the metabolic syndrome, hypertension, and
heart disease (1). It is also clear that insulin resistance is
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significantly related to obesity and cardiometabolic risk
in children (2). However, there is a lack of clarity as to
how insulin resistance in childhood is best assessed, in
what clinical disorders it occurs, and whether it can be
treated or prevented.

Abbreviations: DM, Diabetes mellitus; FSIVGTT, frequently sampled iv glucose tolerance
test; GDM, gestational DM; HOMA, homeostasis model assessment; IGT, impaired glucose
tolerance; LOE, level of evidence; NAFLD, nonalcoholic fatty liver disease; OGTT, oral
glucose tolerance test; PCOS, polycystic ovary syndrome; SSPP, steady-state plasma glu-
cose; 12D, type 2 diabetes.
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To address the current state of the art related to insulin
resistance in children, the European Society for Pediatric
Endocrinology (ESPE), the Lawson Wilkins Pediatric En-
docrine Society (LWPES), the International Society for Pe-
diatric and Adolescent Diabetes (ISPAD), the Asia Pacific
Pediatric Endocrine Society (APPES), the Australasia Pe-
diatric Endocrine Society (APEG), the Sociedad Latino-
Americana de Endocrinologia Pediatrica (SLEP), and the
Japanese Society for Pediatric Endocrinology (JSPE) con-
vened a panel of experts for a consensus conference on
childhood insulin resistance.

Methods

The conference used an evidence-based approach. An inde-
pendent and systematic search of the literature was con-
ducted through EMBASE and PubMed based on MeSH
terms. Grading of the evidence was based on previously pub-
lished American Diabetes Association standards (3). See Sup-
plemental Data, published on The Endocrine Society’s Jour-
nals Online web site at http:/jcem.endojournals.org.

Definition and Background

1. Insulin resistance refers to reduced whole body
glucose uptake [level of evidence (LOE) A; mostly
in adults]

Insulin resistance is defined as the decreased tissue re-
sponse to insulin-mediated cellular actions and is the in-
verse of insulin sensitivity. The term “insulin resistance,”
as generally applied, refers to whole-body reduced glucose
uptake in response to physiological insulin levels and its
consequent effects on glucose and insulin metabolism. Eu-
glycemic hyperinsulinemic clamp studies have shown that
insulin resistance is determined primarily by the response
of skeletal muscle, with over 75% of infused glucose taken
up by muscle and only 2-3% by adipose tissue (4).

2. Insulin resistance is a continuum (LOE A in
adults)

Insulin sensitivity is a continuum from very low levels
in individuals with high insulin resistance to very high
levels in individuals without insulin resistance.

3. Insulin resistance is commonly associated with
obesity (LOE A in adults and children)

Insulin resistance is most commonly associated with
obesity, although not all obese people are insulin resistant
and insulin resistance may occur in nonobese children and
adults (5-7). Insulin resistance can also occur during nor-
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mal physiological conditions, such as pregnancy or pu-

berty (8).

4. One of the consequences of insulin resistance is
chronic compensatory hyperinsulinemia (LOE A in
adults, B in children)

Although the primary interest has been in insulin resis-
tance, the adverse effects related to insulin resistance are
more likely mediated via compensatory hyperinsulinemia
(9). Despite the hyperinsulinemic response to insulin resis-
tance, the current LOE does not support development of a
definition of insulin resistance based on fasting insulin.

5. Standards for insulin resistance in children, with
definitions for normal and abnormal levels, are
nonexistent (LOE C in children)

Standards for insulin resistance in children have not
been established. Thisis due, in part, to the use of a variety
of techniques to measure insulin sensitivity, lack of suffi-
cient cohort sizes to establish normative distributions for
insulin sensitivity, and lack of adequate longitudinal stud-
ies to relate definitions for insulin resistance to long-term
outcomes. Clinical features, such as acanthosis nigricans,
can point to the likelihood of insulin resistance but cannot
define it. Fasting insulin is not an optimal tool for indi-
vidual assessment of peripheral insulin sensitivity, but it
may provide information regarding compensatory hyper-
insulinemia and liver insulin metabolism. Depending on
the study population, fasting insulin is not always well
correlated with insulin resistance in children (10), and dif-
ferences exist between the heritability of fasting insulin
and insulin resistance (11). Many studies have used fasting
insulin alone or in combination with fasting glucose as
surrogates for insulin resistance, but these are poor sub-
stitutes for the direct measures, thus limiting their preci-
sion. Fasting insulin as an index of insulin resistance may
be applicable in epidemiological studies using large pop-
ulations of children and/or well-defined cohorts.

Methods of Measurement

6. The euglycemic hyperinsulinemic clamp is the
“gold standard” for measuring insulin sensitivity;
the frequently sampled iv glucose tolerance test
(FSIVGTT) and steady-state plasma glucose (SSPG)
methods are also valid measurements (LOE A in
adults, C in children)

The hyperinsulinemic euglycemic clamp, the FSIVGTT
with modeling, and the SSPG are generally accepted as
valid and reliable for measurement of insulin sensitivity.
However, each of these methods is time consuming, re-
quires iv infusions and frequent blood sampling, is bur-
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densome for participants, is costly, and requires a research
setting.

Less intensive methods, such as measurement of insulin
during the oral glucose tolerance test (OGTT), offer the
advantage of a smaller number of blood samples. High
correlations were reported in adult studies comparing the
OGTT with the euglycemic hyperinsulinemic clamp (12).
The OGTT has not been studied as well in children. In a
group of 38 obese 8-18 yr olds, the correlation between
the OGTT (whole-body insulin sensitivity index) and the
euglycemic hyperinsulinemic clamp was 0.78 (13).

7. The homeostasis model assessment (HOMA) and
the quantitative insulin-sensitivity check index do
not offer any advantages over fasting insulin in
euglycemic children (LOE A in adults, B in children)
In an attempt to further simplify the measurement of
insulin sensitivity, a number of methods using single si-
multaneously obtained samples of fasting insulin and glu-
cose have been developed. Each of these uses a mathemat-
ical formula that adjusts for individual variability in
insulin and glucose secretion and clearance. Although the
goal for these methods was to improve the accuracy of
fasting insulin alone by the addition of fasting glucose, it
is now agreed that they yield similar results to fasting in-
sulin. For instance, HOMA, the most widely used of the
surrogate measures in children, is highly correlated with
fasting insulin (r = 0.95) in children (10) and adults. These
high correlations can be attributed to the narrow range of
fasting glucose even among obese children and those with
abnormal glucose tolerance (14, 15), whereas there is a
53-fold variation in fasting insulin in children (10).

8. Fasting insulin is a poor measure of whole body
insulin sensitivity in an individual child (LOE A)

The accuracy of fasting insulin as a measure of insulin
sensitivity has been assessed through correlation analyses
with the euglycemic hyperinsulinemic clamp, FSIVGTT,
or SSPG and found to be disappointingly low (16). Studies
of cohorts (with more than 50 participants for this con-
sensus statement) containing both grade school-aged and
high school-aged children have reported correlations from
0.42-0.91 between fasting insulin and the clamp (10, 17)
and from 0.18-0.8 between fasting insulin and FSIVGTT
(18-21). In the largest cohort reported to date, the cor-
relation between fasting insulin and the clamp was 0.42 at
mean age of 13 yr (n = 323) and 0.29 at mean age of 15
yr (n = 300), with slightly higher correlations in obese
than thin children (10). It can be concluded from these
studies that fasting insulin is a poor measure of whole body
insulin sensitivity in an individual child, and it should not
be used for clinical decision making in daily clinical
practice.

jcem.endojournals.org 5191

Although fasting insulin is a poor surrogate, much of
the data relating to prevalence, intervention, and preven-
tion are based onit or other surrogates, bringing into ques-
tion the precision of the results from those studies.

Methods of Screening

9. Based on current screening criteria and
methodology, there is no justification for
screening children for insulin resistance,
including obese children (LOE A)

The prevalence of insulin resistance is unknown, but it
is clear that insulin-resistant obese children have signifi-
cantly greater cardiovascular risk profiles, and childhood
insulin resistance appears to predict future cardiovascular
risk (21). Although this suggests that screening has the
potential to identify at-risk children, the key issue for any
screening program is availability of an accurate, reliable,
reproducible, and easily applicable method of measure-
ment. It is impractical to use any lengthy methods requir-
ing multiple samples because of the complexity, time, and
cost of individual testing. In the clinical setting, fasting insulin
is an unreliable measure of insulin sensitivity, and testing of
aliquots of a common sample assayed in different laborato-
ries has shown disparate results (22). Even if a uniformly
reliable insulin assay became available, separate standards
would need to be developed by genders, ethnic groups, and
pubertal stages (8, 23, 24). Currently, there is no recom-
mended pharmacological treatment for isolated insulin re-
sistance. Therefore, screening for insulin resistance is not jus-
tified in the clinical setting for children, including those with
obesity. The mere presence of obesity should call for inter-
vention to lower weight and consequently improve insulin
sensitivity without a need to measure insulin levels.

Assessment of Risk Factors of Childhood
Insulin Resistance

10. The two most important biological conditions
associated with insulin resistance in childhood are
ethnicity and puberty (LOE A)

Using a variety of methods, studies show that African-
American, Hispanic, Pima Indian, and Asian children are
less insulin sensitive compared with Caucasian children
(25-27). The insulin resistance in minority ethnic groups
is manifested as lower insulin-stimulated glucose uptake,
concomitant with hyperinsulinemia, evidence of increased
insulin secretion from the B-cell and decreased insulin
clearance (25-27).

During puberty there is ~25-50% decline in insulin
sensitivity with recovery when pubertal development is
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complete (8). The compensatory increase in insulin secre-
tion during puberty may be blunted in African-American
and Hispanic youth, thus increasing their risk for T2D
around the time of puberty (28, 29).

11. Obesity, particularly increased abdominal
visceral adiposity, and nonalcoholic fatty liver
disease (NAFLD) are associated with insulin
resistance in children (LOE A)

Obesity is the most prevalent pathophysiological cause
of insulin resistance. Insulin sensitivity is inversely asso-
ciated with body mass index and percentage body fat, and
obese youth have lower insulin sensitivity than their nor-
mal-weight peers (30, 31). Independent of the relation
between total body fat and insulin resistance, increased
abdominal visceral adipose tissue in obese youth is as-
sociated with lower insulin sensitivity and higher acute
insulin response (23). Limited studies show that ectopic fat
deposition such as intramyocellular lipid in obese adoles-
cents is also associated with decreased peripheral insulin
sensitivity (32).

Studies using the clamp methodology demonstrate that
NAFLD is associated with hepatic and peripheral insulin
resistance (33). The relation between insulin sensitivity
and NAFLD seems to be, in part, driven by abdominal fat
content (34).

The relationship between lifestyle factors, e.g. nutrition
and physical activity, and insulin sensitivity is poorly de-
fined in children.

Increased caloric intake leading to obesity, rather than
the dietary macronutrient composition, is associated with
insulin resistance and hyperinsulinemia. Limited cross-
sectional data suggest that dietary saturated fat and sugar-
sweetened beverages may be associated with alterations in
insulin sensitivity and secretion (35).

The effect of physical activity on insulin sensitivity, in-
dependent of changes in weight and adiposity, remains
controversial.

12. Polycystic ovary syndrome (PCOS),
independent of weight, is characterized
by insulin resistance in childhood (LOE B)
Adolescent girls with PCOS can have severe insulin re-
sistance with increased risk for impaired glucose tolerance
(IGT) and T2D, and the impairment in insulin sensitivity
is more pronounced in obese than lean PCOS girls (36,37).
In some ethnic groups, girls with premature pubarche, a
potential antecedent of PCOS, have increased insulin lev-
els, and a causal relation between hyperinsulinemia and
adrenal and/or ovarian androgen hypersecretion has been
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hypothesized (38, 39). However, population studies of
normal girls have shown that rapid weight gain is associ-
ated with higher adrenal androgens and body fatness, and
that insulinemia was related to early menarche (40). Thus,
the association of higher insulin levels with premature
pubarche and subsequent PCOS may be driven, at least in
part, by obesity.

13. Genetics and heritability play a role in
childhood insulin resistance (LOE B)

In studies of adult twins, approximately half of the vari-
ance in insulin sensitivity and secretion can be attributed
to genetic factors (41, 42). Healthy children with a family
history of T2D are more insulin resistant, with an impaired
balance between insulin sensitivity and secretion (43, 44).
Recently, common genetic variants have emerged that
identify heritable components of insulin sensitivity (45).
The T2D protective variant Prol12Ala in PPAR-y is as-
sociated with higher insulin sensitivity in Caucasian

children (46).

14. Intrauterine exposure to poorly controlled
maternal diabetes increases the risk of obesity,
insulin resistance, and IGT in childhood (LOE B)

Epidemiological and clinical studies have demon-
strated that offspring of mothers with preexisting diabetes
mellitus (DM) or gestational DM (GDM) have an in-
creased risk of obesity and altered glucose metabolism
(47). Small size at birth or being large for gestational age
is independently associated with increased risk of child-
hood obesity (and possibly altered glucose metabolism)
(48), but the risk of obesity and IGT/diabetes is also higher
in normal-weight offspring of mothers with DM or GDM
(49). Infants of mothers with GDM have more body fat
than infants born to mothers with normal glucose toler-
ance (50), but less is known about whether excess adipos-
ity in these infants is a risk factor for obesity or insulin
resistance in later life.

Higher levels of maternal glucose during pregnancy,
with or without meeting criteria for the diagnosis of GDM,
might play a role in the future risk of childhood obesity
and insulin resistance in the offspring (51).

15. Postnatal and childhood weight gain increase
the risk of insulin resistance in normal-birth-weight
and small-for-gestational-age children (LOE B)

Rapid postnatal weight gain has consistently been as-
sociated with risk of insulin resistance and greater adipos-
ity in children and young adults (52-56) and predicts in-
sulin resistance-related outcomes in adults (57, 58).
However, the timing of rapid weight gain with respect to
future insulin resistance remains controversial, with some
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studies relating it to early infancy (0— 6 months) and others
between ages 2 and 11 yr (54-56).

The association between small-for-gestational-age in-
fants and an increased risk of obesity, insulin resistance,
and T2D is accentuated by weight gain during early life
with increased percentage body fat (52, 59, 60).

Preterm children have reduced insulin sensitivity,

which persists in adulthood and is associated with truncal
obesity (61).

Consequences of Childhood Insulin
Resistance

16. Insulin resistance is a risk factor for
prediabetes and T2D in childhood (LOE B)

Insulin resistance and impaired B-cell function are the
two key components in the pathogenesis of T2D in youth
(62). Despite limited and conflicting cross-sectional data,
itis well accepted that youth with IGT have impairment in
insulin secretion compared with equally obese youths with
normal glucose tolerance (63-65). In some studies, this
has been associated with similar levels of insulin sensi-
tivity (63, 65), whereas in others obese adolescents with
IGT were more insulin resistant than adolescents with
normal glucose tolerance and a similar degree of adi-
posity (32, 66). However, there are very limited longi-
tudinal data on whether insulin resistance predicts the
development of IGT and T2D. A recent longitudinal
study has shown that obese adolescents progressing to
IGT manifest primary defects in B-cell function, which
are aggravated by a progressive decline in insulin sen-
sitivity (67).

17. Insulin resistance is associated with the
metabolic syndrome and cardiometabolic risk
factors (LOE A)

Regardless of the metabolic syndrome definition
used, insulin resistance and high insulin levels are as-
sociated with the clustering of cardiometabolic risks
associated with metabolic syndrome in a variety of eth-
nic groups (7, 68, 69).

There are no studies that directly measure iz vivo in-
sulin sensitivity and its relationship to atherosclerotic ab-
normalities in children. Very limited observations suggest
a relationship between HOMA and arterial stiffness and
fasting insulin levels in youth (70). However, a role for
insulin resistance in the early abnormalities of vascular
smooth muscles is proposed based on the observation that
circulating biomarkers of endothelial dysfunction (inter-
cellular adhesion molecule and E-selectin) are highest,
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whereas the antiatherogenic adipocytokine adiponectin is
lowest among the most insulin-resistant youths (71).

Treatment

18. Diet and weight loss drugs improve insulin
sensitivity in adolescents through weight loss and
other mechanisms (LOE B)

Dietary fat intake influences insulin sensitivity, with the
most consistent effect related to increased fat intake low-
ering insulin sensitivity rather than reduced fat intake in-
creasing insulin sensitivity (35, 72). However, a consistent
effect of fat quality on insulin sensitivity could not be
found across 41 adult studies, largely because of design
tlaws limiting interpretation (73).

A high whole-grain or dietary fiber intake is associated
with higher insulin sensitivity and weight loss, and a low
intake is associated with lower insulin sensitivity, based
upon a questionnaire study in adolescents and prospective
crossover studies in adults (74).

Improvement in insulin sensitivity in adolescents on a
low glycemic load diet is contradictory to the greater num-
ber of studies in adults in which a consistent effect of this
diet is not seen on insulin sensitivity (75-77).

Although there are similarities between a low glycemic
load and a low-carbohydrate diet, there are no studies
evaluating the latter diet’s impact on insulin sensitivity in
children. In adolescents receiving either a high-fiber or low
glycemic load diet, weight loss was observed with im-
proved insulin sensitivity (74-77). It is unclear whether
the improvements in insulin sensitivity were due to weight
loss, the diet, or a combination of these factors.

Few studies have examined the impact of a hypocaloric
diet on insulin sensitivity in children; however, adult stud-
ies have found variable weight loss and improvement in
insulin sensitivity.

The weight-reducing drugs sibutramine and orlistat led
to an improvement in insulin sensitivity with a reduction
in weight of approximately 0.6 sp in children and adoles-
cents (78-80).

19. Exercise and fitness improve insulin sensitivity
through weight loss and also mechanisms
independent of weight loss in adolescents (LOE A)
Studies specifically exploring the impact of exercise and
mechanism of action on insulin resistance are few.
Lifestyle programs including supervised exercise can
improve fasting insulin levels as quickly as 2 wk before
measurable weight loss (81, 82). Furthermore, lifestyle
intervention improved body composition without a
change in body weight (83). Available studies suggest that
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fitness may play a more important role than body mass
index reduction on improvement in insulin sensitivity in
obese adolescents (84).

Adequate studies are not available to differentiate the
effect of a single session of exercise on insulin sensitivity,
as opposed to the training regimen. There appears to be
improvement in insulin sensitivity with prescribed aerobic
exercise regimens and combinations of aerobic and resis-
tance training (85, 86). However, there is inadequate ev-
idence about the optimal form of exercise. Exercise inten-
sity has not been shown to be correlated with insulin
sensitivity. After the cessation of exercise, improved insu-
lin sensitivity levels revert to preexercise levels, and there
may even be a rebound phenomenon with greater insulin
resistance (82).

20. Multicomponent lifestyle intervention
improves insulin sensitivity more than individual
lifestyle components in adolescents (LOE B)

There are limited data to show that the effects of nu-
trition, exercise, and behavioral modification together on
insulin sensitivity are more beneficial and sustained than
any one component alone (87). Short-term randomized
studies of lifestyle and exercise intervention in obese ad-
olescent girls improved insulin sensitivity when compared
with no intervention (88).

21. Metformin improves insulin sensitivity in
adolescence (LOE B)

Metformin has been shown to improve insulin sensitivity
in adolescents with T2D and girls with PCOS, justifying con-
sideration of metformin as a therapeutic tool in these disor-
ders (89, 90). There are conflicting reports on the influence
of metformin on insulin sensitivity in insulin-treated, in-
sulin-resistant type 2 diabetics (91).

The safety and efficacy of metformin in the manage-
ment of T2D in children were confirmed using glycemic
control as a proxy for improved insulin sensitivity (92).
However, other reports have emphasized thatlifestyle and
dietary measures can be at least as effective as metformin
in these patients (91).

Metformin has been shown to be efficacious in improv-
ing insulin sensitivity in obese PCOS girls with IGT (90),
but not in obese PCOS girls without IGT (96). Innonobese
teenage girls with PCOS, combined flutamide-metformin
therapy improved insulin sensitivity (97). Both flutamide
and metformin seem to be needed to obtain maximal ef-
ficacy on parameters of insulin sensitivity and to amelio-
rate body composition (98).

However, it has to be stressed that metformin has not
been approved for the treatment of children with insulin
resistance; therefore, appropriate, well-designed, con-
trolled trials are needed.
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Prevention

22. Maternal obesity, gestational diabetes,
smoking in pregnancy, and maternal
undernutrition should be targeted to lessen
obesity and insulin resistance in children (LOE A)

All factors affecting fetal growth are potential candi-
date targets for prevention purposes.

The most common and important among these risk
factors are maternal obesity, gestational diabetes, mater-
nal undernutrition, and smoking during pregnancy (49,
99-102).

23. Breast-feeding should be promoted through
public health interventions as a contributing factor
to reduce the prevalence of obesity and potential
insulin resistance later in life. In addition, ongoing
dietary advice starting from weaning has the
potential to prevent insulin resistance in the long
term (LOE B)

There are no specific data on a direct relationship be-
tween breast-feeding and prevention of insulin resistance,
but given the association between obesity and reduced
insulin sensitivity, breast-feeding should be promoted
(103, 104).

Because of the strong link between obesity and insulin
resistance, the impact of dietary interventions used to pre-
vent obesity has been examined for its effect on insulin
resistance (104). Increased saturated fat intake has been
associated with reduced insulin sensitivity in children (35).
A healthy low saturated fat and cholesterol diet, started in
7-month-old infants, showed a positive effect on insulin
resistance at the age of 9 yr (105).

24. Identification of infants and preschool children
at risk for obesity combined with intervention
programs to prevent excessive weight gain should
be developed and evaluated. Physical activity as a
means of increasing insulin sensitivity is an
important component of any intervention (LOE B)

Young adults born preterm have lower insulin sensi-
tivity than controls, and weight gain velocity during child-
hood is associated with lower insulin sensitivity in adult-
hood (93). Adiposity rebound is a sensitive marker for the
risk of developing obesity and its complications, and
therefore it should be prevented (55, 94).

Based on available data on the beneficial effect of phys-
ical activity on surrogate measures of insulin sensitivity,
such as fasting insulin and HOMA for insulin resistance
(85, 95), physical activity should be promoted, although
further studies using state of the art methodology for in-
sulin sensitivity are required to validate these findings.
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Conclusions

This consensus statement highlights the lack of a clear cutoff
to define insulin resistance in children and shows that sur-
rogate measures, such as fasting insulin, are poor estimates of
insulin sensitivity. Based on current screening criteria and
methodology, there is no justification for screening children
for insulin resistance, even those who are obese. However, it
appears that prevention strategies should be started early in
life and, with regard to treatment, lifestyle interventions
should be included, whereas metformin should be limited to
selected cases. Future research should aim at assessing the
following: how to best measure insulin sensitivity; standard-
ization of insulin measurements; identification of strong sur-
rogate biomarkers of insulin resistance; and the potential role
of both lifestyle intervention and medications in the preven-
tion and treatment of insulin resistance.
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