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Abstract
Pediatric obesity threatens the future health of a growing number of children worldwide. An added
challenge in identifying the patients at greatest need for intervention due to their elevated risk for
future disease is that pediatric obesity and the associated metabolic syndrome manifest differently
among different ethnic groups. African–Americans and Hispanics are more likely to exhibit
obesity and insulin resistance and are at a higher risk for developing Type 2 diabetes.
Nevertheless, using current criteria, African–American adolescents are much less likely to be
diagnosed with metabolic syndrome, largely owing to lower rates of dyslipidemia. Further
development is needed in ethnicity-inclusive means of risk identification among adolescents to
accurately target treatment toward children at highest risk for future disease and to motivate
adolescent patients and their families towards lifestyle improvement. Effective targeting and
intensive treatment efforts may help in avoiding future sequelae of obesity among all ethnicities.
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Pediatric obesity continues at a high prevalence in developed countries and constitutes a
stormy cloud on the health horizon of children around the world [1]. This is because a subset
of obese children are at high risk of developing significant chronic disease as a result of their
obesity, including Type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD) [2].
Long-term projections based on current trends suggest that childhood obesity will contribute
to a threefold increase in the prevalence of coronary artery disease in the USA over the next
25 years [3]. Children born in the USA in the year 2000 are estimated to have a 35% chance
of developing T2DM in their lifetime, and this chance approaches, or exceeds, 50% in the
case of Hispanic and African–American females [4]. These contribute to a loss in life
expectancy such that the current generation may not live as long as their parents [5].

The implications of pediatric obesity are complex because the risk for sequelae of obesity
varies among individuals. Some obese adults are at relatively low risk of developing future
disease [6,7]. Conversely, several ethnicities demonstrate a higher risk for developing
chronic diseases related to obesity [8–10]. Given these variations in risk for sequelae of

© 2011 Expert Reviews Ltd
Financial & competing interests disclosure
The author has no other relevant affiliations or financial involvement with any organization or entity with a financial interest in or
financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.
No writing assistance was utilized in the production of this manuscript.

NIH Public Access
Author Manuscript
Expert Rev Endocrinol Metab. Author manuscript; available in PMC 2012 January 1.

Published in final edited form as:
Expert Rev Endocrinol Metab. 2011 March ; 6(2): 279–289. doi:10.1586/eem.11.17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



obesity and given that effective weight-loss efforts are time- and cost-intensive, it seems
most prudent to select individuals, including children, for increased intervention based on
their risk for future disease, keeping in mind ethnicity-based risks.

In this article, we will review ethnic differences in pediatric obesity, insulin resistance and
the metabolic syndrome (MetS), and examine possible predictors that may assist in future
disease prediction to better target weight-loss efforts in children of high risk.

Ethnic differences in obesity
While the obesity rate in developed countries is striking – representing 17% of children and
adolescents in the USA and 6–10% in Europe and Australia [11–13] – what is perhaps more
striking is that this rate is worse among certain ethnic groups. The most widely used
estimates of obesity relate to BMI, with a BMI between the 85th and 95th percentile being
categorized as ‘overweight’ and a BMI greater than 95% for age being categorized as
‘obese.’ Using these classifications, the latest data from the National Health and Nutrition
Evaluation Survey 2007–2008 reveal rates of adolescent girls (12–19 years old) who are
either overweight/obese or frankly obese are 46.3/29.2% in non-Hispanic blacks and
42.1/17.5% in Hispanic girls, compared with 29.9/14.5% in non-Hispanic white girls
[12,14]. The ethnic differences in BMI elevations are not as striking among adolescent
males, although there is a trend toward increased rates among Hispanic adolescent males,
with overweight/obesity and frank obesity rates of 42.7/25.5% in Hispanics, compared with
33/19.8% among non-Hispanic blacks and 32.6/16.7% in non-Hispanic white adolescent
males.

In many ways, BMI may not be the best measure of obesity, as BMI does not distinguish
between elevations in bodyweight by fat tissue versus muscle mass (although BMI
correlates increasingly well with body fat at higher BMIs [15]). Because of its strong
association with insulin resistance and risk for disease, estimates of central fat tissue are
often used as better determinants of risk for future disease. As discussed later regarding the
pathophysiology of insulin resistance, central adiposity may produce these effects via an
increase in release of inflammatory cytokines and a decrease in release of substances such as
adiponectin, which are associated with increased insulin sensitivity [16]. The most
commonly used estimate of central adiposity is waist circumference (WC). During
adolescence, Mexican–American boys and girls have higher rates of increased WC, and
these elevated rates persist through adulthood relative to non-Hispanic whites. Starting in
adolescence (12–19 years of age), non-Hispanic black women have higher rates of elevated
WC than do non-Hispanic whites, and this difference widens over time [17]. Waist-to-hip
ratio, an overall excellent predictor of mortality in adults, is highest in Hispanic adolescent
females [18] and higher in black women compared with whites [19]. Interestingly, waist-to-
hip ratio does not appear to be as good a predictor of cardiovascular mortality among
Hispanics [20].

Non-Hispanic black males have lower rates of elevated WC than do non-Hispanic white and
Mexican–American males, both in adolescence and later adulthood [21,22]. In adolescence,
Hispanic males have the highest waist-to-hip ratio and non- Hispanics have the lowest [18],
and these findings continue among adult men [19,20]. Therefore, increased rates of obesity
and elevated WC among African–Americans are limited to adolescent and adult women and
are not seen among adolescent and adult men, while among Hispanics, elevations in BMI
and WC are seen in both males and females in each age group.
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Ethnic differences in sequelae of obesity
As mentioned previously, the majority of interest in worsening prevalence of obesity is
primarily due to the increased risk for future sequelae of T2DM and CVD. Thus, this
discussion would not be complete without considering ethnic variation in the develop ment
of adult disease. As suggested by the aforementioned data on elevations in BMI and WC, it
may be expected that there would also be increased rates of future disease among various
ethnic subsets. As we will see, the prevalence of both T2DM and CVD exhibit ethnic
variation, suggesting that not all of the population carries the same risk. Nevertheless, the
data on future disease do not entirely match up with expectations from obesity estimates.

The disease most closely associated with obesity is T2DM, which is marked by insulin
resistance leading to a point at which insulin needs exceed its supply and blood sugars are
elevated [23]. T2DM is more common among both African–American and Hispanic
adolescents and adults (Table 1) [8,9]. Among adolescents, African–Americans have an
incidence of T2DM that is fourfold higher than that seen among non-Hispanic white
children. The incidence of T2DM is approximately threefold higher among Hispanic
children than non-Hispanic whites. In adulthood, this trend continues so that prevalence of
T2DM among individuals >20 years of age is 12.8% among non-Hispanic blacks, 8.4%
among Mexican–Americans and 6.6% among non-Hispanic whites [8]. These trends hold
true for males as well as females, which is at odds with the lower rates of central obesity
among African–American men. Death rates from T2DM are more than twofold higher
among African–American adults than white adults in each age category and Hispanic adults
have rates 20–30% higher than whites [24].

It is important to note that even in T2DM, the major cause of obesity-related death is CVD.
African–Americans have been found to have significant differences in cardiovascular
physiology, including an increase in left ventricular wall thickness compared with whites at
similar levels of blood pressure [25]. This may be due to differences in peripheral vascular
resistance, as demonstrated by multiple studies using ischemic occlusion, where the brachial
artery is occluded by a blood pressure cuff and arterial measurements are made after blood
flow is restored. When matched with whites for baseline blood pressure, African–Americans
have less postocclusion dilation [26], increased resistance [25,27] and reduced overall blood
flow [28]. These findings have been hypothesized to be related to greater insulin release in
African–Americans, as will be discussed in greater detail later [28].

Death rates from CVD also exhibit ethnic discrepancies, with African–American men and
women having higher rates of death from heart disease and cerebrovascular disease
throughout adulthood, including twofold higher death rates than whites and Hispanics at
each adult age category up to 65 years old [24]. The reason for this elevated death rate is not
clear, although higher rates of hypertension among African–Americans (discussed further
later) and less access to medical care have been suggested [10].

Ethnic differences in insulin resistance
There is a strong suggestion that much of the adult sequelae of obesity is driven by the
association of obesity with insulin resistance. This is true of the MetS (discussed further
later), as well as T2DM [23] and CVD [29,30]. Insulin resistance refers to an increase in the
amount of insulin required to stimulate glucose uptake in a given individual. The underlying
pathophysiology relating obesity and insulin resistance is at least in part related to
dysfunction of excessive amounts of visceral adipose tissue [16,31]. The hypertrophied
adipocytes in this setting increase their release of inflammatory mediators (eventually
leading to an increase in C-reactive protein [CRP]) [32,33] and decrease their release of
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adiponectin [34–36], an adipokine that improves insulin sensitivity in laboratory animals
[37,38].

Measures of insulin resistance
Insulin resistance is best measured using a standardized research procedure known as a
euglycemic–hyperinsulinemic clamp, in which glucose is infused at a fixed rate and insulin
is infused at a rate necessary to maintain normal serum glucose levels. Individuals with
insulin resistance require more insulin infused to maintain stable levels of glucose. Using
this technique, African–American children and adolescents have a higher degree of insulin
resistance (by 20%) than non-Hispanic whites of similar weight and pubertal stage (Table 2)
[39,40]. Similarly, Hispanic adults have a higher degree of insulin resistance by euglycemic
clamp than whites (again by 20%), and this difference remains significant after adjusting for
BMI [41].

While the euglycemic clamp is the gold standard to assess insulin resistance, other
standardized protocols have also been used to assess for ethnic differences in insulin action.
Frequently sampled intravenous glucose tolerance tests involve infusing a known amount of
glucose and measuring insulin and glucose values at multiple time points to assess both
insulin release and glucose clearance. Using this technique, researchers have demonstrated
lower insulin sensitivity in Hispanics and African–Americans as compared with non-
Hispanic whites [42], although another group of researchers did not find a difference in
insulin sensitivity between white and African–American adolescents [28]. Oral glucose
tolerance tests, performed similarly to the intravenous glucose tolerance tests, have also
been used to demonstrate lower insulin sensitivity in non-Hispanic blacks versus whites
[43].

Finally, surrogate measures of insulin resistance are using fasting levels of insulin, including
insulin itself and the homeostasis model of insulin resistance, which incorporates fasting
glucose levels. Fasting insulin itself is used widely in clinical settings, but without clear
implications because of a lack of standardized assay procedure. A commonly used physical
examination finding associated with high insulin levels is acanthosis nigricans, a thickening
and darkening of the skin. Acanthosis nigricans is noted more commonly in African–
American versus white children [44]. Studies analyzing levels of fasting insulin report
similar ethnic differences to those reported using the euglycemic clamp, with non-Hispanic
blacks and Mexican–Americans exhibiting 10 and 21% higher insulin levels (respectively)
than seen in non-Hispanic white adults [45]. Non-Hispanic blacks and Hispanics are more
likely to have an elevated homeostasis model of insulin resistance than whites [46].
Together, studies of insulin resistance by ethnicity paint an overall consistent picture of
increased insulin resistance among African–American adolescents as compared with whites.
While there is not adequate space in this article to address all ethnic groups, it should be
noted that Native American groups that have been evaluated also have higher rates of insulin
resistance than whites, as well as higher rates of obesity and T2DM [47].

Factors underlying insulin resistance
Other factors known to be associated with insulin resistance and future disease sequelae also
exhibit ethnic differences. As eluded to previously, elevated levels of CRP are in part
reflective of the inflammation that contributes to insulin resistance. As such, levels of high-
sensitivity CRP (hsCRP) have been shown to precede the development of T2DM [48] and
CVD [49]. It is not surprising, therefore, that levels of hsCRP are higher among African–
American and Mexican–American adolescents and adult women [50,51].
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Similarly, low levels of adiponectin appear to contribute to worsening insulin resistance
[38,52] and precede worsening of MetS [53]. Levels of adiponectin are 12–16% lower
among African–American and Hispanic adolescents compared with non-Hispanic whites,
paralleling the higher rates of insulin resistance in these groups (Table 2) [40,54]. Thus, both
the degree of insulin resistance and two important associated etiologic factors are worse
among African–Americans and Hispanics, corresponding with the higher risk of T2DM in
these groups.

Ethnic differences in the MetS
While validated measures of insulin resistance are widely used in research, measuring the
degree of insulin resistance in individual patients is more difficult to assess in clinical
settings. This is partly because of variability in laboratory testing of insulin levels.
Nevertheless, there are a group of clinical findings associated with insulin resistance, CVD
and T2DM as part of the MetS [55]. This cluster of individual cardiovascular risk factors
include central obesity, hypertension, hypertriglyceridemia, low levels of high-density
lipoprotein cholesterol (HDL-C) and elevated fasting glucose. MetS is diagnosed based on
specific sets of criteria based on abnormalities in these components. While several sets of
pediatric criteria have been proposed for use in children, there is no gold, universally
accepted definition [56]. The most commonly used definitions of pediatric MetS are shown
in Table 3, one of which is based on the Adult Treatment Panel III definition of MetS for
adults [55,57] and the other was proposed by the International Federation of Diabetes (IDF)
[58]. The utility of MetS has been demonstrated in that chil- dren with MetS have an odds
ratio of 11.5 for developing T2DM within 25–30 years [59]. This makes this group of
children a logical target for intensive weight-loss interventions [58].

Nevertheless, there are barriers to using MetS to identify children that are in greatest need of
weight loss as MetS exhibits a strong ethnicity-based bias. African–Americans are
diagnosed with MetS at lower rates than non-Hispanic whites (Table 4), a difference that is
apparent into adulthood and persists, even after adjusting for socioeconomic and lifestyle
factors [22]. This lower prevalence of MetS in African–Americans occurs despite African–
Americans having higher rates of several of the MetS-associated abnormalities discussed
previously, including obesity, insulin resistance, systemic inflammation, low levels of
adiponectin and future disease sequelae [31,60]. As we will see, the lower rate of MetS
diagnosis among African–Americans probably has more to do with individual MetS
components than a decrease in MetS-associated risks.

Waist circumference
As discussed previously, there are interethnicity differences in WC. The fact that African–
American boys and men are less likely to develop elevated WC may be one source of
decreased MetS diagnosis among African–American males. This difference is particularly
true in diagnoses using the IDF criteria of MetS, which uses an elevated WC as a pre
requisite for MetS diagnosis (Table 3). The IDF specifies the use of ethnicity-specific WC
cut-off values [58], although in practice, WC cut-offs have been used based on percentiles
for white adolescents in the absence of data, suggesting a need for different thresholds
among blacks and Hispanics [61,62]. In Asians, who develop MetS at lower WC elevations
than other groups, the IDF specifies lower cut-off values to determine elevated WC [61,63].

Elevated fasting glucose
Most pediatric and adult MetS criteria use a fasting glucose level of greater than or equal to
100 mg/dl as their cut-off to define an elevated fasting glucose, compared with a fasting
glucose level above 125 mg/dl, which meets criteria for diabetes diagnosis [64]. Ethnic
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differences have been observed regarding elevations in fasting glucose. Although African–
Americans are more likely to develop T2DM over time, African–American males are less
likely to exhibit elevated fasting glucose throughout age categories from adolescence to later
adulthood. In adolescence, the rate of elevated fasting glucose among non-Hispanic black
males is 9.4%, compared with 14.8% for non-Hispanic whites and 15.2% for Hispanics [22].

The paradox between higher rates of diabetes and lower rates of elevated fasting glucose
may reflect differences in hepatic insulin resistance, which is felt to be largely responsible
for mild elevations in fasting glucose, while diabetes is due to a combination of hepatic
insulin resistance, peripheral insulin resistance and β-cell failure [23,60]. The lower rate of
elevated fasting glucose among African–Americans may indicate lower rates of hepatic
insulin resistance, although this requires further investigation. During adolescence, the lower
rates of elevated fasting glucose among African–Americans probably contributes to the
lower rates of MetS diagnosis, although as we will see, ethnic differences are more marked
among other MetS components.

Hypertension
Hypertension has been long known to be more prevalent among African–Americans. This
increased prevalence is thought to be due to both genetic and environmental factors [65],
although during adulthood the increased prevalence continues even after adjustment for
lifestyle factors, suggesting that genetic factors may predominate [22]. Children and adults
of Hispanic heritage are less likely to have hypertension, a tendency that may suggest
underlying genetic causes, as it also persists even after adjustment for lifestyle factors [22].
However, the clinical significance of these ethnic differences and their relationship with
MetS is unclear, given that blood pressure has been frequently shown to have the weakest
association with insulin resistance among MetS components [65,66].

Low HDL-C
High-density lipoprotein cholesterol serves as a scavenger of excess cholesterol in
circulation and in the periphery, and thus low levels of HDL-C confer an increased risk for
atherosclerosis. The removal of HDL-C from the circulation is mediated in large part by
hepatic lipase, an enzyme that exhibits increased activity with an increasing degree of
insulin resistance [67]. There are ethnic differences in HDL-C levels in that non-Hispanic
black males have rates of low HLD-C that are nearly half the rates seen in non-Hispanic
whites and Hispanics (Figure 1) [22]. While adolescent and adult women have a higher
prevalence of low HDL-C than men, they do not exhibit the same ethnic differences,
demonstrating that HDL-C levels are modulated by gender as well as ethnicity. The normal
levels of HDL-C in non-Hispanic black males, despite higher degrees of insulin resistance,
are potentially due to lower activity of hepatic lipase among African–Americans, even in the
presence of insulin resistance [68,69]. These lower rates of HDL-C among African–
Americans do not appear to confer significant cardio protection but probably contribute to
the lower rates of MetS diagnosis among African–American adolescent and adult males.

Triglycerides
The most marked ethnic difference regarding MetS components is observed in triglyceride
levels. African–Americans have sharply lower rates of hypertriglyceridemia than seen in
non-Hispanic whites or Hispanics. Using the triglyceride cut-off value of 110 mg/dl from
the MetS criteria of Ford et al. (Table 3) [57], non-Hispanic black adolescents have a
prevalence of hypertriglyceride- mia of 9.1% compared with 28.9% for non-Hispanic whites
and 26.1% for Mexican–American adolescents [70]. These differences are even more
striking when using the cut-off value of 150 mg/dl from the IDF criteria in which only 3.5%
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of non-Hispanic black adolescents exhibit elevations, compared with 8.1–13.5% of non-
Hispanic whites and 10.4–12.8% of Mexican–American adolescents (Figure 1) [22]. These
drastic differences are seen in both males and females and exist across the age spectrum
[21,22]. The reason for these differences may be similar to that seen for HDL-C and its
clearance by hepatic lipase. Triglycerides are cleared from the circulation by lipoprotein
lipase, an enzyme whose activity is decreased in the presence of insulin resistance, leading
to higher levels of triglycerides. Compared with non-Hispanic whites, African– Americans
have higher activity of lipoprotein lipase, presumably contributing to the lower rates of
hypertriglyceridemia [71–73]. Nevertheless, increases in the degree of insulin resistance are
associated with increasing levels of triglycerides in African–Americans as seen in other
ethnicities [74]. Thus, it appears that non-Hispanic black individuals start with lower
baseline levels of triglyceride and are less likely to exceed cut-off values specified in
different MetS criteria. These discrepancies in triglyceride levels are the major cause of
ethnic differences in the diagnosis of MetS.

Summary of ethnic differences in MetS components
In summary, there are multiple differences in individual components of MetS that contribute
to the discrepancies in MetS diagnosis between ethnicities. The major cause of lower rates
of MetS diagnosis among African–Americans is the lower tendency for dyslipidemia,
although African–American males also have lower rates of central obesity and elevated
fasting glucose [21,22]. In this sense, our attempts at using the construct of MetS to identify
increased future risk appear to fail among African–Americans, given the lower rates of MetS
diagnosis but higher rates of insulin resistance and MetS-associated disease.

These ethnic differences in MetS do not appear to hold true for Hispanic individuals. While
Hispanics have a higher rate of elevated WC than other groups (and a lower rate of
hypertension), for the most part, Hispanics have similar rates of these abnormalities as seen
in non-Hispanic whites. While this has not been demonstrated in prospective trials, it
suggests that MetS may perform well in identifying Hispanic adolescents at higher risk for
development of future disease. Nevertheless, the lower rate of MetS diagnosis among
African–Americans raises clear problems in using MetS to identify future risk among all
ethnicities.

Ethnicity & targeting children for weight loss
Despite a growing emphasis on weight-loss treatments, it should be noted that most efforts
at weight loss are not successful. A randomized study of pediatric weight-loss efforts that
included non-Hispanic white, non-Hispanic black and Hispanic children 8–16 years of age
revealed that the standard clinical care in weight-loss promotion resulted in an increase in
BMI over the course of the 12-month study period [75]. This control group received
counseling with a physician, nutritionist and social worker at study visits, with extensive
recommendations regarding dietary, exercise and other lifestyle changes. If anything
negative could be said about these efforts, it is that the visits occurred only every 6 months.
Most physicians with experience in counseling children regarding weight-loss efforts would
probably agree that successful improvement is difficult at best [76].

Interestingly, as opposed to the 1.5 kg/m2 increase in BMI in the control group, the intensive
treatment group in this study experienced a 1.8 kg/m2 decrease in BMI over 12 months, co-
incident with decreases in body fat and insulin resistance. This treatment group received
twice-weekly counseling for the first 6 months, followed by biweekly counseling for the
next 6 months. The children met with exercise physiologists, participating in organized
game activities on a regular basis. Clearly, these investigators and their subjects had access
to many more resources than do most treating clinicians. Still, the improvement in outcomes
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through this program argues that with increased efforts, successful weight loss can be
achieved. Because these efforts are likely to be expensive, it may become increasingly
important to choose patients judiciously for increased intervention.

Ethnic differences in response to weight-loss efforts
There appear to be ethnic differences in the response to clinical weight-loss efforts. While
studies targeting both Mexican–American [77] and African–American children [78] have
demonstrated effective weight loss in treatment arms compared with control arms, other
studies have demonstrated that compared with non-Hispanic whites, Hispanic and African–
American individuals are more likely to drop out of weight treatment efforts [79–82] or to
lose less weight during the intervention [83,84]. Some of these differences may be due to
ethnic differences in physical activity. The National Physical Activity and Weight Loss
Survey revealed that non-Hispanic blacks and Hispanics were less likely to engage in
physical activities during leisure time than non-Hispanic whites [85].

A major difference between ethnicities lies in the perception of overweight status. African–
American and Hispanic adults who are overweight are less likely than non-Hispanic whites
to perceive themselves as overweight [86,87], as is true of African–American adolescents
[88]. Among US adolescents who are overweight (as assessed by BMI percentile), only 55%
of African–American adolescents correctly identified their weight status compared with
70% of Hispanic and 72% of white overweight adolescents [88]. These relatively low rates
of accurate identification of overweight status are paralleled by parents of overweight
children, of whom only 61% correctly perceive their children’s weight status [89]. However,
such parental misperceptions do not appear to vary by ethnicity [90].

These low rates of perceived obesity are important given that perception of being
overweight has been frequently shown as an important motivator to achieve weight
reduction among par- ents and adolescents [91,92]. Altering these perceptions, as well as
other means of communicating risk, may increase adolescents’ motivation to lose weight.

Need for risk-stratifying tools among all ethnicities
An important direction in pediatric weight loss will be the formulation and validation of new
tools to assess future disease risk and motivate children and adolescents toward lifestyle
change [93,94]. As stated by Goetz, such tools may be able to “get [people] off the couch in
a way that their doctor tut-tutting about their pounds cannot” [95]. Owing to ethnic
differences in clinical features of obesity and MetS, these new tools will probably have to be
demonstrated to be accurate among all ethnicities before they are accepted for widespread
use.

MetS diagnosis—As discussed previously, ethnic variation in the components of MetS
result in what is probably an underdiagnosis among African–Americans. Still, a diagnosis of
MetS serves as an example of the potential for predictive tools, in that a longitudinal study
demonstrated that individuals diagnosed with MetS during childhood (compared with those
without MetS) had an odds ratio of 11.5 for developing diabetes by 25 years later [59]. Such
an impressive increase in risk could be used to motivate children, parents and medical
professionals to encourage weight loss in at-risk children. Potential variations on MetS
diagnosis include use of a continuous set of criteria [96,97] or a risk score that is specific for
each ethnic- ity [31]. My research collaborator, Matthew Gurka, and I are in the process of
developing the latter.

Fasting insulin—Although progression to T2DM also requires a decrease in function at
the level of the β-cell, measures of the degree of insulin resistance represent a potential
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means of accurate risk prediction. From a clinical perspective, fasting insulin levels are the
most commonly means of estimating risk, although assay variability and a lack of
prospective data make it currently impossible to assign a cut-off value or relative risk to
elevated fasting insulin levels.

Glucose measurements—Fasting glucose levels have been shown to have predictive
power in assessing risk for diabetes, as children with a fasting insulin level of >100 mg/dl
have a relative risk of 4.7 for developing T2DM by 39 years of age [98]. Given the lower
likelihood of African–Americans to have elevated fasting glucose despite their increased for
T2DM, however, it is uncertain how sensitive this test would prove among African–
Americans. Other glucose-based markers include oral glucose-tolerance tests (OGTTs),
which assess the ability to clear a glucose load in a timely manner. In this test, glucola is
administered at 1.5 g/kg up to a maximum of 75 g, and a 2-h blood sugar of >140 mg/dl
represents impaired glucose tolerance [64]. In an obesity referral clinic, eight out of 33
children with impaired glucose tolerance progressed to T2DM within an average of 20
months, compared with none of 84 children with normal glucose tolerance, suggesting that
OGTTs could prove to be a good estimate of future risk [99]. Nevertheless, at this point,
OGTTs are not currently recommended as screening tests by the American Diabetes
Association due to their variable results and the increased difficulty in performing them
[100].

HbA1c—Recently, the American Diabetes Association has placed increased emphasis on
the use of hemoglobin A1c (HbA1c) as a tool to screen for diabetes risk [101]. In adults,
mild elevations in HbA1c (5.5–5.9) are clear indicators of increased risk for the
development of future diabetes [102]. However, it is not known how well mild elevations in
HbA1c will function in pediatrics, nor is it known whether this will function equally well
among all ethnicities.

Adiponectin—As discussed previously, adiponectin appears to be in the causative
pathway for the production of insulin resistance. In one study, low levels of adiponectin
predicted worsening of MetS within 6 years, although it should be noted that this was
performed in an all-white cohort [53]. Adiponectin levels are lower in African–Americans,
congruent with their increase in insulin resistance [40], suggesting its potential to predict
risk in an ethnicity-inclusive manner.

Markers of inflammation—Elevated levels of hsCRP have been demonstrated in
numerous studies in adults to predict future development of CVD and diabetes [48,103]. It is
not certain whether this predictive ability will hold true in children. Levels of hsCRP appear
to be less tightly associated with MetS in children than in adults [56], potentially because of
fluctuation with minor illnesses [104]. It remains to be seen whether other markers of
inflammation could prove to be specific markers of increased risk.

Prevention
While the identification of methods of risk prediction among currently obese children is
important, a far more likely aim in the future will be the prevention of obesity among all
ethnic groups. Although weight-loss interventions are likely to decrease future risks, once
children are obese, there is a high likelihood that they will remain obese as adults. An
important avenue for improved clinical care will be in targeting all children (and especially
those with a family history of obesity and T2DM) for ongoing anticipatory guidance
counseling on healthy lifestyle choices to avoid becoming overweight. There is a high
likelihood that preventing a worsening in the degree of overweight is likely to also decrease
the incidence of these long-term sequelae of obesity. This is supported by the results of the
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Diabetes Prevention Trial in adults. Adults randomized to lose weight via dietary changes
and intensive exercise decreased their risk of progressing to T2DM by 58% below the
control group and 31% below a group randomized to receive metformin therapy [105].

Conclusion
In conclusion, pediatric obesity has greatly affected all ethnicities and socioeconomic strata,
but is most prevalent among lower socioeconomic status groups, Hispanics and African–
Americans. Because effective treatment is likely to require significant resources, it will be
important to stratify risk to target children with the greatest need for weight loss. Our current
means of risk identification probably underestimate risk among African–American
adolescents. New tools for accurate risk prediction are needed both to identify children at
highest risk for sequelae of obesity and to motivate patients and their families. Finally,
prevention efforts targeting all ethnicities may be the most effective means of avoiding
future disease in the coming generations.
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Figure 1. Ethnic differences in elevated triglycerides and low high-density lipoprotein
Prevalence of elevated triglyceride level and low high-density lipoprotein (per International
Federation of Diabetes metabolic syndrome criteria) are shown for non-Hispanic whites,
Mexican–Americans and non-Hispanic blacks across the age range from childhood through
later adulthood.
*p < 0.05 versus non-Hispanic whites.
**p < 0.01 versus non-Hispanic whites.
HDL: High-density lipoprotein.
Adapted with permission from [22].
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