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Abstract
Cardiovascular disease (CVD) and type 2 diabetes mellitus have their roots in childhood,
particularly in obese children and adolescents, raising important opportunities for early lifestyle
intervention in at-risk individuals. However, not all obese individuals are at the same risk for
disease progression. Accurate screening of obese adolescents may identify those in greatest need
for intensive intervention to prevent or delay future disease. One potential screening target is
obesity-related inflammation, which contributes to insulin resistance, metabolic syndrome, and
CVD. In adults, the inflammatory marker high-sensitivity C-reactive protein (hsCRP) has utility
for risk stratification and treatment initiation in individuals of intermediate CVD risk. In
adolescents, hsCRP shares many of the associations of hsCRP in adults regarding the degree of
insulin resistance, metabolic syndrome, and carotid artery media thickness. However, long-term
data linking increased hsCRP levels—and increased insulin or decreased adiponectin—in
childhood to adult disease outcomes are lacking at this time. Future efforts continue to be needed
to identify childhood clinical and laboratory characteristics that could be used as screening tests to
predict adult disease progression. Such tests may have utility in motivating physicians and
patients' families toward lifestyle changes, ultimately improving prevention efforts.
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Introduction
The increasing incidence of cardiovascular disease (CVD) and type 2 diabetes mellitus
(T2DM) worldwide has raised interest in means of early identification of risk and
preventative treatment in those with multiple risk factors [1]. A major factor in the increase
in these adult chronic diseases has been the obesity epidemic: compared with those of
normal weight, adults who are obese have a 50% to 75% increased risk of CVD over 3- to
14-y periods [2], whereas obesity starting in childhood carries a higher risk of adult CVD
and T2DM [3]. These risks make childhood obesity a logical target for intervention.
Nevertheless, not all obese individuals carry the same risk for future disease, which is
encapsulated in the concept of the “healthy obese,” a subset of obese children and adults
who do not exhibit increases in CVD risk factors [4,5]. In addition, outside of intensive
lifestyle interventions as part of research protocols, attempts at weight loss for children and
adolescents in clinical settings have been modest [6–8]. This raises a question about the need
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for tools to identify risk for future disease—tools that could be used to trigger more
intensive intervention in a subset of children at higher risk.

Currently, there are few evidence-based tools available for use in risk stratification in
pediatrics. Such tools could end up being factors related to the underlying processes that
connect obesity to future disease. One set of such processes is the metabolic syndrome
(MetS), a cluster of CV factors, including central obesity (as assessed by increases in waist
circumference), hypertension, increased fasting blood glucose, high levels of
triacylglycerols, and low high-density lipoprotein cholesterol [9–11]. MetS itself represents
a potential screening tool for risk in adolescents [12] but is not widely used clinically, likely
because of its complexity of use, requiring that patients have increases above specific cutoff
values in at least three of the five components of MetS [13]. In this sense—if possible—a
single blood test would likely represent an easier clinical tool. A further drawback is that
MetS exhibits racial/ethnic differences in its accuracy [14].

Another important target for risk-related screening is obesity-related inflammation. One
inflammation-associated screening tool that is used for risk stratification in adults is high-
sensitivity C-reactive protein (hsCRP). Higher levels of hsCRP have been linked to risk for
CVD and T2DM in adults [15–21], although no such long-term data are available in
adolescents. In this review, I will consider the processes underlying the connections among
obesity, inflammation, and adult disease; the data for hsCRP as a screening tool for future
CVD and T2DM in adults; and data regarding obesity-related inflammation in children.
Using this as background, I will consider multiple potential screening tools that in the future
may be used to identify obese adolescents at highest risk for future CVD and T2DM.

Obesity and systemic inflammation
The concept of obesity as an inflammatory state has continued to develop over the past 15 y,
and as our understanding of the process has progressed, multiple factors have been identified
that may serve as reasonable screening tools. The model (Fig. 1) that has emerged from
multiple studies features adipocytes—and in particular visceral adipocytes—as playing
important endocrine roles in the process of inflammation and worsening insulin sensitivity
[22]. In response to excess lipid stores, visceral adipocytes secrete increasing amounts of
inflammatory cytokines such as interleukin-6 and tumor necrosis factor-α and chemokines
such as monocyte chemo-attractant protein-1 [23]. These chemokines in turn promote the
migration of macrophages to the adipose tissue, greatly increasing cytokine release. Another
factor in obesity-associated inflammation appears to be the adipokine adiponectin, which is
secreted by adipocytes in inverse proportion to the amount of stored lipid and appears to
confer insulin sensitivity in animal models of obesity [24,25]. These low levels of
adiponectin and increasing insulin resistance are also associated with the clinical features of
MetS [9,11,26]. Notably, low levels of adiponectin are associated with higher levels of
inflammatory cytokines, whereas infusions of adiponectin in animal models result in a
decrease in systemic inflammation from unclear mechanisms [24]. Another factor released
from adipocytes is retinol-binding protein-4, which appears to suppress the peripheral
expression of glucose transporter-4 (GLUT4)—a key glucose transporter in skeletal muscle
—and is associated with an increased expression of monocyte chemoattractant protein-1
adipocytes [27–30].

These proinflammatory conditions conferred by excess visceral adipose tissue combine to
produce a tonic degree of systemic inflammation that worsens with increasing central
obesity. As will become clear, these processes appear to play a central role in the
development of insulin resistance and future disease, making these processes a logical target
for screening and risk assessment.
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C-reactive protein is arguably the most commonly used marker to assess systemic
inflammation. CRP is produced by the liver, peripheral leukocytes, and even the adipose
tissue in response to multiple cues, particularly increases in interleukin-6 and other systemic
inflammatory cytokines [22,31]. In the periphery, CRP has specific roles including the
activation of phagocytic cells—at least in part by binding to the Fc-γ-RIIa receptor (Fig. 1)
[32]. Although CRP has long been used as a marker of high degrees of inflammation such as
in acute infections and chronic inflammatory diseases (with levels typically >0.6 or >6 mg/
L), it has been convincingly demonstrated using highly sensitive assays that report hsCRP
levels that even mild increases in CRP (range 2-6 mg/L) are indicative of low-grade
inflammation that carry relevance in other clinical situations, which are discussed further
below [33]. Given the proinflammatory state associated with visceral adipose tissue, it is not
surprising that hsCRP is increased in the setting of central obesity. The degree of increase in
hsCRP associated with visceral obesity varies by individual [34]; thus, given the known
correlations between hsCRP and future CVD, assessing levels of hsCRP may be a way to
differentiate “healthy obese” individuals from those at higher risk [4]. Indeed, higher levels
of CRP appear to be not only a marker of risk but also have an active role in cardiovascular
disease. This has been demonstrated using animal models of atherosclerosis in which human
CRP is increased experimentally, resulting in worsening of arterial thrombosis and
endothelial injury repair [35]. Besides obesity, other lifestyle factors contribute toward
higher hsCRP such as smoking and gender, with women exhibiting stronger associations
between waist circumference and hsCRP than men [34]. Higher levels of hsCRP are also
associated with incident myocardial infarctions, emphasizing further the pervasive relation
between inflammation and heart disease [36].

Inflammation and insulin resistance
Another important consideration in the potential use of obesity-related inflammation for risk
determination is its link to insulin resistance. Insulin resistance refers to the inability of
physiologic levels of insulin to produce the movement of glucose into the cells. Although
the underlying molecular processes involved in insulin resistance continue to be described, it
is clear that multiple factors contribute to systemic insulin resistance, including genetics,
visceral obesity, low levels of adiponectin, and high levels of free fatty acids [37]. Systemic
inflammation in the setting of obesity is also independently associated with insulin
resistance, as supported by basic science and clinical information. Animal models of obesity
have demonstrated that when obese mice are deficient in their abilities to make or respond to
tumor necrosis factor-α and other factors involved in inflammatory signaling, this results in
less insulin resistance than seen in equally obese wild-type mice with intact inflammatory
signaling [23,38–40].

Human data linking inflammation to insulin resistance began with association studies that
consistently demonstrated inter-relations between systemic markers of inflammation
(including hsCRP) and the presence of insulin resistance—links that have been noted in
adults [41–43] and adolescents [44–46]. Supportive of these connections are historical data
that suppression of inflammation with high-dose salicylate treatment was noted to improve
blood sugars in patients with T2DM [47]. Multiple prospective cohort studies in adults have
demonstrated a relation between inflammation and future development of T2DM (Table 1)
[15,19]. These studies have revealed that in subjects as young as 45 y followed for 3 to 10 y,
those with hsCRP levels in the highest quartile (starting at 2.86–6.1 mg/L, depending on the
study) had adjusted odds ratios for developing T2DM of 2.03 to 4.2 compared with those in
the lowest quartile (Table 1) [15,18,19]. The mechanism connecting inflammation to insulin
resistance is likely to be complex but appears to involve increases in oxidative stress in
target tissues, with effects on the endoplasmic reticulum and mitochondrial function in
affected cells [22]. Notably, levels of inflammation and insulin resistance decrease in
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concert in the setting of lifestyle modification-induced weight loss in adults [48] and
children [49,50], further highlighting the potential for these processes to be targets not just
for screening but for following treatment progress.

Inflammation and CVD
In addition to its relation to insulin resistance and T2DM risk, systemic inflammation has
been even more notable as a marker of CVD risk in adults. Indeed, it has been pointed out
that 1) many of the best-known CVD risk factors (smoking, hypertension, and
hyperglycemia) promote noxious stimuli that lead to the production of leukocyte adhesion
molecules and 2) this promotes an inflammatory response that is part of the mechanism of
atherosclerotic plaque formation and growth [51]. Monocytes that are recruited to the
arterial intima differentiate into macrophages, engulf oxidized lipoproteins, and become
lipid-laden foam cells [52]. Continued systemic inflammation—with CRP as an important
marker—contributes to this process, with neutrophils that infiltrate the plaque and release
reactive oxygen species, further oxidizing lipoproteins and ultimately contributing to the
growing atheroma (Fig. 1) [52].

Additional markers related to the atherosclerotic pathway or subsequent worsening cardiac
function are used to identify individuals with prevalent disease. These include troponin and
B-type natriuretic peptide, which are used in the evaluation for related processes such as
acute coronary syndrome, myocardial infarction, and heart failure [53]. In addition, C-X-C
motif chemokine ligand 12 (CXCL12) (also called stromal derived factor-1) is a survival
factor that is involved in myocardial protection and appears to be decreased in its release in
the setting of CVD, including in stable angina and after myocardial infarction, potentially
serving as a marker of progressive CVD [54,55]. However, fewer markers are available for
long-term risk assessment, as would be needed for screening tools in adolescents.

Although the development of atherosclerosis rarely progresses to a point of clinical
significance before mid-adulthood, the process clearly begins in childhood, with the
development of fatty streaks and thickening of the arterial media. Fibrous plaque lesions
have been noted to have a surprisingly high prevalence in childhood at autopsy examination,
occurring in coronary arteries in 33% of 16- to 20-y-old adolescents who died of accidental
causes (Fig. 2) [56]. Although the presence of fibrous plaques was particularly associated
with levels of low-density lipoprotein (LDL) cholesterol, the prevalence of plaque
precursors at such young ages suggests a potential utility of hsCRP as a marker for future
disease risk even in adolescence.

hsCRP as a risk assessment tool in adults
Thus far, the data linking hsCRP and disease risk come entirely from adult studies. Multiple
cohort studies including adults as young as 40 y old over follow-up time frames of 3 to 18 y
have demonstrated consistent relations between increased hsCRP and risk for future CVD
(Table 1) [33]. When subjects were divided into quartiles or quintiles of hsCRP, those with
in the highest category of hsCRP had adjusted relative risks of 2.3 to 4.8 for CVD events
compared with the lowest category, even after an adjustment for other CVD risk factors such
as obesity, socioeconomic status, age, and smoking [21]. When subjects were divided into
tertiles of hsCRP, those in the highest tertile (with hsCRP values as low as 2.0 mg/dL)
exhibited relative risks of CVD events of 1.4 to 1.7 compared with the lowest tertile of
hsCRP (up to 1.0 mg/dL; Table 1) [16,33,57]. It is important to note that these levels of
hsCRP associated with increased risk in these studies were almost entirely within the
“normal” range.
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These strong associations of hsCRP and future risk in adults led to testing for isolated mild
increases in hsCRP as a determinant of risk in otherwise intermediate-risk adults in a trial of
rosuvastatin use [58]. This trial enrolled individuals without CVD, with LDL cholesterol
levels lower than 120 mg/dL but with hsCRP levels of at least 2.0 mg/L Subjects who were
randomized to receive therapy with rosuvastatin (versus placebo) had a decrease in CVD
events during treatment, coinciding with decreases in hsCRP (mean 4.2 mg/L to mean 2.2
mg/dL after 2 y), and decreased LDL cholesterol (108 mg/dL to mean 54 mg/dL after 2 y).
Based on these results, in February 2010 the Food and Drug Administration approved the
use of rosuvastatin for decreasing the risk of CVD events in men at least 50 y old and
women at least 60 y old without LDL cholesterol increases but with increased hsCRP (≥2.0
mg/L) and at least one other CVD risk factor such as hypertension, low high-density
lipoprotein cholesterol, smoking, or a family history of premature coronary heart disease.
This was the first approved CVD treatment based on increases in hsCRP and underscores
the potential importance of low-grade inflammation as a clinically useful marker of risk.

Consideration of hsCRP as a risk assessment tool in adolescents
Although longitudinal data regarding the predictive importance of hsCRP in adolescents are
lacking, inferential data support the potential for such a relation. As in adults, hsCRP levels
in childhood are increased in the settings of obesity and are strongly associated with waist
circumference, body mass index, and adiposity, as summarized in Table 2 [59–63]. With
respect to insulin resistance, levels of hsCRP levels are strongly associated with
measurements of insulin resistance (such as fasting insulin and the homeostasis model of
insulin resistance) and are higher in overweight adolescents with insulin resistance versus
without insulin resistance as assessed by insulin clamp (Table 2) [60–62,64]. Regarding
MetS, hsCRP levels are higher in adolescents with MetS than in those without MetS (Table
2) [60, 61,65]. Perhaps most importantly, in a cohort of 2195 individuals who had CRP
levels measured at 3 to 18 y of age, CRP levels predicted the presence of MetS as adults 21
y later [66]. In addition, hsCRP is independently associated with carotid artery media
thickness in adolescence, an early finding related to atherosclerotic plaque formation [67]—
although this has not been demonstrated in all studies on the topic [68].

The tight associations of hsCRP with 1) MetS in children, 2) future CVD risk in adults, and
3) incident carotid artery media thickness and future MetS raise the potential to use hsCRP
as a way to identify higher-risk adolescents in need of an increased weight-loss intervention
as a means of preventing future adult disease. Unfortunately, as mentioned earlier, long-term
data linking increased hsCRP levels in childhood to adult disease outcomes are lacking.
Given a paucity of data for most potential screening tools in pediatrics, I will nevertheless
consider hsCRP as a prototype for screening. In considering this, it is notable that there
could be some benefits to such a screen but also that critical information is lacking that
would be needed before applying hsCRP in adolescents on a clinical basis.

Pros for use of hsCRP screening in adolescents
As mentioned earlier, a seductive motive for using hsCRP in adolescents is the ease of use.
As a single test that does not rely on a fasting sample, the use of hsCRP levels to determine
risk would avoid fasting blood draws and integrate several laboratory studies that are used to
diagnose MetS. The hsCRP levels appear to be stable in individuals over the course of
several years in adulthood—or at least as stable as measurements of blood pressure and
cholesterol [33]. Moreover, hsCRP appears to identify higher metabolic risk in individuals
of multiple ethnicities [69], although current criteria used to categorize MetS appear to have
an inherent bias against diagnosing MetS in African Americans even in the setting of high
hsCRP and other markers of future risk [60,70–72]. Thus, the benefits of hsCRP are that it
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would provide an easy-to-use tool without obvious racial bias that may discriminate the
“healthy” obese from those at higher risk for future CVD.

Cons against use of hsCRP screening in adolescents
Arguments against the use of hsCRP in adolescents at this point outweigh any potential
benefits. Foremost among the drawbacks of using hsCRP as a screening tool are the lack of
prospective data linking increased hsCRP levels in adolescents to any clinical outcome. The
adult studies linking hsCRP to future risk were performed over relatively short intervals
because of their high or intermediate risk of developing disease. Given the low overall risk
for adolescents and young adults for developing CVD and T2DM over a long interval, it is
unlikely that any study with childhood hsCRP data will provide such a link in the near
future. Without such data, providers would lack specifics regarding what cutoff level of
hsCRP to use to identify higher risk in adolescents. In addition, the data regarding the
stability of hsCRP over time come predominantly from adult studies. A potentially larger
amount of intercurrent illnesses in childhood and adolescence may affect the specificity of a
single increased hsCRP, necessitating at minimum an assessment of the symptoms of illness
before testing.

Moreover, there are no long-term data regarding how clinical interventions targeting
lifestyle change might modify any long-term risk identified by increased hsCRP levels.
Indeed, attempts at lifestyle intervention in pediatric obesity clinics frequently result in only
modest changes in weight status [7,8]—although improvements in measurements of insulin
resistance (such as decrease in fasting insulin or increase in adiponectin) can be seen with
physical-activity changes in the absence of weight loss [7,8,49]. Conceivably the
identification of a higher degree of risk might be used to trigger more intensive techniques
of lifestyle modification. Large-scale research studies have been more effective than
standard care, in one case demonstrating a mean weight loss of 2.8 kg over 2 y [6]. These
intensive tools targeting lifestyle change nevertheless have an unclear durability of effect
regarding long-term CVD and T2DM risk decreases, even if such short-term changes are
clearly desirable for any adolescents at increased disease risk.

Consideration of other potential screening tools in adolescents
Although hsCRP may not yet be the correct tool to use in identifying adolescents at higher
risk for adult disease, such tools may prove beneficial, particularly as a motivator for obese
adolescents and their treating physicians. In the National Weight Control Registry of
individuals who have lost at least 13.6 kg of weight and kept it off for at least 1 y, 83%
reported a trigger that started their lifestyle intervention in earnest and for 23% this trigger
was a medical reason, such as a physician's recommendation [73]. Chang et al. [74] reported
a strong correlation between a physician's advice regarding healthy lifestyle behaviors such
as increases in exercise or improved diet and a patient's adoption of these practices. It is not
known if adolescents respond as well as adults do to physician recommendations.
Nevertheless, if physicians know that the patient in front of them is at higher risk for future
disease, they may be more likely to keep after the family regarding recommendations and
may look more closely to screen for other CVD risk factors such as hypertension and
smoking. Ultimately, this effect of screening may be just as valuable as motivating the
patients toward change.

In addition to hsCRP, other potential tools associated with obesity-related inflammation may
have the potential to identify obese adolescents at higher risk for CVD and T2DM. Similar
to hsCRP, most of these tools have a logical basis for use as risk markers but lack long-term
data demonstrating their utility.
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Fasting insulin
Fasting insulin levels can provide a rough estimate of an individual's degree of insulin
resistance [75], which gives some indication of the presence of underlying processes such as
obesity-related inflammation [37]. On a population level, these higher levels of insulin are
associated with an increase in risk of future T2DM in prediabetic adults [76]. However,
although widely used by practitioners, the assessment of insulin levels are complicated by a
high degree of variation between assays, which makes it difficult to compare an individual
patient's results to any published insulin level associated with risk. An additional problem is
that a single insulin level may not distinguish well between individuals who have limitations
in β-cell function (thus progressing to T2DM) and those who are able to continue an
increased level of insulin production without progression [37]. These limitations make it
impossible currently to assign a cutoff value to increased fasting insulin levels as a marker
of future disease risk.

Adiponectin
Adiponectin appears to be in the causative pathway of producing insulin sensitivity and
seems to distinguish between the “healthy obese” children and those at higher metabolic risk
[5], and as such may in the future prove an effective marker of long-term risk [25]. Lower
levels of adiponectin have been shown to predict future risk of MetS over a 6-y period [77].
However, similar to insulin, adiponectin testing currently lacks the widespread availability
of standardized assays. In addition, as for hsCRP, testing for adiponectin in adolescents
lacks proved cutoff levels demarcating an increase in long-term risk. Overall, with
improvements in assay uniformity and with the addition of long-term data, adiponectin may
offer significant benefits as a screening tool in the future.

Retinol-binding protein-4
Retinol-binding protein-4 represents another untested potential marker for long-term risk
[78]. Although the data are mixed, some reports have noted increased levels of retinol-
binding protein-4 in obese adolescents, corresponding to the amount of fat mass [79] and
changes in insulin resistance [80]. Issues regarding the appropriate assay and the consistency
of the findings would need to be resolved, in addition to data on the long-term prediction for
the development of T2DM or CVD [78].

MetS diagnosis
A diagnosis of MetS serves as an example of the potential for predictive tools in that a
longitudinal study demonstrated an odds ratio of 11.5 for future diabetes risk by 25 to 30 y
later in individuals diagnosed with MetS during childhood [12]. Such an impressive increase
in risk could be used to motivate children, parents, and medical professionals to encourage
weight loss in at-risk children. However, the current criteria to diagnose MetS appear to
have a decreased ability to detect other markers of obesity-related inflammation in African
Americans. For example, an Adult Treatment Panel II-based criterion for diagnosing MetS
in adolescents has a poor sensitivity for detecting increases in hsCRP, insulin, and uric acid
in African Americans compared with other ethnicities [60,70,81]. Furthermore, as
mentioned earlier, the use of cutoffs for multiple different laboratory studies makes the
current MetS criteria difficult to use from a clinical perspective. Potential variations on a
MetS diagnosis include the use of a continuous set of criteria [82,83] or a risk score that is
specific for each ethnicity [84]. As with any of these potential risk markers, linking risk
scores to childhood data with long-term adult outcomes would be critical to accurately
characterize future risk in adolescents.
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Ultimately, just as MetS is a composite of multiple factors, a combination of factors such as
hsCRP and adiponectin may be needed to identify increased risk. Until long-term data are
available demonstrating the utility of hsCRP screening—and other approaches—in
adolescents, traditional predictors such as family history may be the best screening tools
with long-term data available at this time. Compared with those without a parental history of
T2DM, adolescents with a parental history of T2DM have a odds ratio of 5.2 for developing
diabetes over only a 9-y follow-up period [85]. This high degree of risk serves to underscore
that there may be a greater sense of urgency to promote intensive lifestyle changes in some
certain groups of adolescents. This type of urgency (when backed by data) holds potential
for motivating physicians and patients to modify the future risk for disease and to postpone
or prevent disease for those at highest risk.

Conclusion
Many of the processes leading to CVD and T2DM are present already in childhood,
although the likelihood of developing disease appears higher for some adolescents than
others. Screening adolescents for MetS-related risk for CVD and T2DM may help in
identifying individuals at particularly great need for lifestyle modification. hsCRP is used as
such a screening tool in adults of intermediate risk for CVD to trigger more immediate
intervention. However, although data regarding hsCRP and other factors related to
inflammation are similarly correlated to insulin resistance and arterial changes in childhood,
long-term data are lacking in adolescents linking levels of these factors to true disease risk.
Such tools for identifying future risk are needed to better motivate patients and their
physicians toward lifestyle changes—and toward effective decreases in risk.
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Fig. 1.
A simplified model of the role of obesity-related inflammation in disease development.
Hypertrophied visceral adipocytes secrete MCP-1, recruiting macrophages that secrete
inflammatory cytokines including IL-6 and TNF-α. These enter the systemic circulation and
stimulate the production of CRP. These inflammatory molecules contribute to peripheral
cellular dysfunction of the endoplasmic reticulum and mitochondria, resulting in a
worsening of insulin resistance that is further exacerbated by low levels of adiponectin and
high levels of free fatty acids. In the intima of arteries, inflammatory molecules including
CRP activate monocytes, contributing to reactive oxygen species and the oxidation of LDL-
C, which is then taken up by macrophages to form lipid-laden foam cells. Further injury
remodeling and fibroblast migration contribute to a growing atherosclerotic plaque. CRP, C-
reactive protein; IL-6, interleukin-6; LCL-C, low-density lipoprotein cholesterol; MCP-1,
monocyte chemoattractant protein-1; TNF-α, tumor necrosis factor-α.
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Fig. 2.
Prevalence of fibrous plaques at autopsy examination in individuals by age group. As part of
the Bogalusa Heart Study, individuals who died of all causes in the region of Bogalusa,
Louisiana underwent autopsy examination, including the determination of fibrous plaques in
the aorta and coronary arteries. Results shown are from 204 children and adults, separated
by age. Reprinted by permission from Berenson et al. [56].

DeBoer Page 15

Nutrition. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

DeBoer Page 16

Ta
bl

e 
1

St
ud

ie
s 

in
 a

du
lts

 li
nk

in
g 

hs
C

R
P 

le
ve

ls
 to

 in
cr

ea
se

d 
ri

sk
 o

f 
T

2D
M

 a
nd

 C
V

D

P
ub

lic
at

io
n

St
ud

y 
po

pu
la

ti
on

, f
ol

lo
w

-u
p

hs
C

R
P

 le
ve

ls
 u

se
d 

in
 R

R
R

R
 o

f 
di

se
as

e 
ev

en
t

D
ia

be
te

s 
ri

sk

 
Fr

ee
m

an
 e

t a
l.,

 [
18

],
 2

00
2

52
45

 m
en

, m
ea

n 
ag

e 
55

.4
 y

, f
ol

lo
w

ed
 5

 y
qu

in
til

e 
5 

(>
4.

18
 m

g/
L

) 
ve

rs
us

 1
 (

<
0.

66
 m

g/
L

)
T

2D
M

 R
R

 3
.1

 f
or

 q
ui

nt
ile

 5
 v

er
su

s 
1

 
Pr

ad
ha

n 
et

 a
l.,

 [
19

],
 2

00
1

27
 6

28
 w

om
en

, m
ea

n 
ag

e 
54

.7
 y

, f
ol

lo
w

ed
 4

 y
qu

ar
til

e 
4 

(>
6.

1 
m

g/
L

) 
ve

rs
us

 1
 (

<
1 

m
g/

L
)

T
2D

M
 R

R
 4

.2
 f

or
 q

ua
rt

ile
 4

 v
er

su
s 

1

 
B

ar
zi

la
y 

et
 a

l.,
 [

15
],

 2
00

1
58

88
 m

en
 a

nd
 w

om
en

 ≥
65

 y
 o

ld
, f

ol
lo

w
ed

 3
-4

 y
qu

ar
til

e 
4 

(>
2.

8 
m

g/
L

) 
ve

rs
us

 1
 (

<
0.

82
 m

g/
L

)
T

2D
M

 R
R

 2
.0

 f
or

 q
ua

rt
ile

 4
 v

er
su

s 
1

C
V

D
 e

ve
nt

 r
is

k

 
R

id
ke

r 
et

al
., 

[2
1]

, 2
00

2
27

 9
39

 w
om

en
 ≥

45
 y

 o
ld

, f
ol

lo
w

ed
 m

ea
n 

8 
y

qu
in

til
e 

5 
(>

4.
19

 m
g/

L
) 

ve
rs

us
 1

 (
<

0.
49

 m
g/

L
)

C
V

D
 e

ve
nt

 R
R

 2
.3

 f
or

 q
ui

nt
ile

 5
 v

er
su

s 
1

 
D

an
es

h 
et

 a
l.,

 [
17

],
 2

00
0

15
31

 m
en

 4
0-

59
 y

 o
ld

, f
ol

lo
w

ed
 m

ea
n 

9.
5 

y
te

rt
ile

 3
 (

>
2.

4 
m

g/
L

 m
g/

L
) 

ve
rs

us
 1

 (
<

0.
9 

m
g/

L
)

C
V

D
 e

ve
nt

 O
R

 2
.1

3 
fo

r 
te

rt
ile

 3
 v

er
su

s 
1

 
D

an
es

h 
et

 a
l.,

 [
16

],
 2

00
4

64
28

 m
en

 a
nd

 w
om

en
, m

ea
n 

ag
e 

55
.8

 y
, f

ol
lo

w
ed

 m
ea

n 
18

 y
te

rt
ile

 3
 (

>
2 

m
g/

L
) 

ve
rs

us
 1

 (
<

0.
78

 m
g/

L
)

C
V

D
 e

ve
nt

 O
R

 1
.4

5 
fo

r 
te

rt
ile

 3
 v

er
su

s 
1

 
R

id
ke

r 
et

 a
l.,

 [
20

],
 2

00
0

28
 2

63
 ≥

45
 y

 o
ld

, f
ol

lo
w

ed
 m

ea
n 

3 
y

qu
ar

til
e 

4 
(m

ed
ia

n 
0.

06
 m

g/
L

) 
ve

rs
us

 1
 (

m
ed

ia
n 

0.
85

 m
g/

L
)

C
V

D
 e

ve
nt

 R
R

 1
.5

 f
or

 q
ua

rt
ile

 4
 v

er
su

s 
1

C
V

D
, c

ar
di

ov
as

cu
la

r 
di

se
as

e;
 h

sC
R

P,
 h

ig
h-

se
ns

iti
vi

ty
 C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 O

R
, o

dd
s 

ra
tio

; R
R

, r
el

at
iv

e 
ri

sk
; T

2D
M

, t
yp

e 
2 

di
ab

et
es

 m
el

lit
us

 A
ll 

as
so

ci
at

io
ns

 li
st

ed
 a

re
 a

dj
us

te
d 

fo
r 

co
m

m
on

 c
on

fo
un

de
rs

 (
e.

g.
so

ci
oe

co
no

m
ic

 s
ta

tu
s,

 s
m

ok
in

g)
 a

nd
 a

re
 s

ig
ni

fi
ca

nt
 a

t P
 <

 0
.0

5

Nutrition. Author manuscript; available in PMC 2014 February 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

DeBoer Page 17

Ta
bl

e 
2

R
el

at
io

ns
 b

et
w

ee
n 

hs
C

R
P 

an
d 

ob
es

ity
, i

ns
ul

in
 r

es
is

ta
nc

e,
 a

nd
 M

et
S 

in
 a

do
le

sc
en

ts

P
ub

lic
at

io
n

St
ud

y 
po

pu
la

ti
on

hs
C

R
P

 a
nd

 o
be

si
ty

hs
C

R
P

 a
nd

 in
su

lin
re

si
st

an
ce

hs
C

R
P

 a
nd

 M
et

S

Si
na

ik
o 

et
 a

l.,
 [

59
],

 2
00

5
se

le
ct

ed
 s

tu
dy

 p
op

ul
at

io
n 

29
5 

ad
ol

es
ce

nt
s,

m
ea

n 
ag

e 
15

 y
 d

iv
id

ed
 b

y 
w

ei
gh

t a
nd

 in
su

lin
se

ns
iti

vi
ty

hs
C

R
P:

 o
ve

rw
ei

gh
t/o

be
se

 in
su

lin
se

ns
iti

ve
 1

.2
1;

 le
an

 in
su

lin
 s

en
si

tiv
e

0.
78

*

hs
C

R
P:

 o
ve

rw
ei

gh
t/o

be
se

in
su

lin
 r

es
is

ta
nt

 1
.3

4;
ov

er
w

ei
gh

t/o
be

se
 in

su
lin

se
ns

iti
ve

 1
.2

1§

Fo
rd

 e
t a

l.,
 [

65
],

 2
00

5
U

S 
re

pr
es

en
ta

tiv
e 

sa
m

pl
e 

(N
H

A
N

E
S 

19
99

–
20

00
):

 1
36

6 
su

bj
ec

ts
 1

2–
17

 y
 o

ld
hs

C
R

P:
 g

eo
m

et
ri

c 
m

ea
n 

1.
4 

m
g/

L
 w

ith
 M

et
S

ve
rs

us
 0

.4
 m

g/
L

 w
ith

ou
t M

et
S†

; h
sC

R
P 

≥3
 m

g/
L

 in
 a

do
le

sc
en

ts
 w

ith
 M

et
S 

38
.4

%
, w

ith
ou

t

M
et

S 
10

.3
%

†

R
et

na
ka

ra
n 

et
 a

l.,
 [

62
],

20
06

N
at

iv
e 

C
an

ad
ia

n 
co

ho
rt

 2
28

 s
ub

je
ct

s 
10

–1
9 

y
ol

d
hs

C
R

P 
as

so
ci

at
ed

 w
ith

 W
C

, B
M

I,

ad
ip

os
ity

‡
hs

C
R

P 
as

so
ci

at
ed

 w
ith

fa
st

in
g 

in
su

lin
, H

O
M

A
-

IR
‡

O
liv

ei
ra

 e
t a

l.,
 [

61
],

20
08

B
ra

zi
lia

n 
sc

ho
ol

 c
oh

or
t 4

07
 s

ub
je

ct
s 

4–
18

 y
ol

d
hs

C
R

P 
as

so
ci

at
ed

 w
ith

 W
C

 u
si

ng
 li

ne
ar

re
gr

es
si

on
‡

hs
C

R
P 

as
so

ci
at

ed
 w

ith
H

O
M

A
-I

R
 u

si
ng

 li
ne

ar

re
gr

es
si

on
‡

hs
C

R
P:

 g
eo

m
et

ri
c 

m
ea

n 
1.

4 
m

g/
L

 w
ith

 M
et

S

ve
rs

us
 1

.1
 m

g/
L

 w
ith

ou
t M

et
S‡

D
eB

oe
r 

et
 a

l.,
 [

60
],

 2
01

1
U

SA
 r

ep
re

se
nt

at
iv

e 
sa

m
pl

e 
(N

H
A

N
E

S 
19

99
–

20
08

):
 3

55
9 

su
bj

ec
ts

 1
2–

19
 y

 o
ld

hs
C

R
P:

 h
ig

hl
y 

co
rr

el
at

ed
 w

ith
 B

M
I 

an
d

W
C

 in
 a

ll 
ge

nd
er

/e
th

ni
ci

ty
 g

ro
up

s

ev
al

ua
te

d 
(r

 =
 0

.4
8–

0.
58

)‡

m
ea

n 
hs

C
R

P:
 a

do
le

sc
en

ts
 w

ith
 M

et
S 

1.
0–

2.
4

m
g/

L
 (

de
pe

nd
in

g 
on

 s
ex

/e
th

ni
ci

ty
),

 w
ith

ou
t

M
et

S 
0.

32
–0

.5
6 

m
g/

L
†

B
M

I,
 b

od
y 

m
as

s 
in

de
x;

 H
O

M
A

-I
R

, h
om

eo
st

as
is

 m
od

el
 o

f 
in

su
lin

 r
es

is
ta

nc
e;

 h
sC

R
P,

 h
ig

h-
se

ns
iti

vi
ty

 C
-r

ea
ct

iv
e 

pr
ot

ei
n;

 M
et

S,
 m

et
ab

ol
ic

 s
yn

dr
om

e;
 N

H
A

N
E

S,
 N

at
io

na
l H

ea
lth

 a
nd

 N
ut

ri
tio

n 
Su

rv
ey

; W
C

,
w

ai
st

 c
ir

cu
m

fe
re

nc
e

* P 
<

 0
.0

5.

† P 
<

 0
.0

1.

‡ P 
<

 0
.0

01
.

§ P 
>

 0
.0

5,
 n

ot
 s

ig
ni

fi
ca

nt
.

Nutrition. Author manuscript; available in PMC 2014 February 01.


