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Introduction. Both asthma and obesity often occur in the same individual. Each increases the risk of cardiovascular disease (CVD) with systemic
inflammation likely playing a vital role. We exatnined the independent and synergistic associations of asthma and obesity with systemic
inflammation using high-sensitivity C-reactive protein (hs-CRP) levels in adolescents. Methods. This study involves the cross-sectional design
carried out in the adolescent and respiratory medicine practices in a children's hospital. Out of 124 adolescents (mean age 16.1 ± 2.3 years), who
were either of obese (Ai = 75) or of normal weight (Af = 49). 51 had asthma ( 18 normal weight and 33 obese). Results. hs-CRP levels were higher in
obese versus normal weight groups (geometric mean ± SD: 2.38 ± 2.91 vs. 0.72 ± 3.54; p < .001), and in the asthmatic versus non-asthmatic
groups (geometric mean ± SD: 1.21 ± 3.71 vs.1.96 ± 3.28; p = .039). We found a trend of increasing hs-CRP levels across the four groups
(p < .001 ), with the obese asthmatic group having the highest level. In multivariate regression, we found a strong association between obesity and
log-CRP <ß ± SE: 1.43 ± 0.23; p < .001 ) and a moderate association between asthma and log-CRP (ß ± SE: 0.48 ± 0.21 ; p < .028), with additive
synergy between obesity and asthma. Conclusions. Both asthma and obesity are independently and synergistically associated with systemic
inflammation. These findings underline the need of a multifaceted approach to address CVD risk in adolescence.
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INTRODUCTION

Both asthma and obesity are proinflatiunatory conditions
that are prevalent in adolescents and often occur together in
the same individual, especially in those individuals living in
urban neighborhoods with higher rates of poverty and air
pollution (1-4). Epidemiologie studies in adults confirm
that obesity increases the odds of incident asthma in a
dose-dependent manner with increasing body mass index
(BMI) (5) and, individually, each condition has been shown
in adults to increase risk of cardiovascular disease (CVD)
(6-8). Although the mechanism for the increased risk of
CVD is not fully understood, systemic inflammation is
likely to play a role in both the conditions (9).

Obesity is well known to be associated with systemic
inflammation in both the adults (10) and adolescents (11).
However, studies examining the association between
asthma and systemic inflammation have yielded conflict-
ing results in adults (12-14) and limited data are available
in adolescents (15, 16). In addition, because of the large
number of individuals who have both the conditions, a
more complete understanding of the independent and
synergistic associations of asthma and obesity with sys-
temic inflammation will help to clarify the role of asthma
in CVD risk assessment in obese individuals.
Associations, if found, may alter CVD risk assessment
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by adding asthma as a CVD risk marker and better control
of asthma could potentially decrease CVD risk.

Of the inflammatory markers, high-sensitivity C-
reactive protein (hs-CRP) shows a strong association
with CVD risk in adults (17), and with subclinical athero-
sclerosis in adults (18) and children (19). Elevated levels of
hs-CRP are now considered as an independent risk factor
for CVD in adults (17, 20). However, the potential inter-
actions among asthma, obesity, and hs-CRP level have not
been fully characterized in the adolescent age group.

In this study, we aimed to examine the independent and
synergistic associations of asthma and obesity with sys-
temic inflammation, using hs-CRP levels, in a clinical
population of adolescents living in the Bronx, the borough
of New York City with the highest rates of both asthma and
obesity (2, 3).

METHODS

Subjects

Subjects were recruited from adolescent and respiratory
medicine practices at the Children's Hospital at
Monteflore, Bronx, NY, USA, from November 2007 to
June 2009. At the time of their scheduled medical appoint-
ments, patients were approached by research assistants in
the waiting area and given a questionnaire to complete
(see. Measures below). Patients aged 12-20 years, had
their height and weight measured by the research assistants

1044



ASTHMA, OBESITY, AND SYSTEMIC INELAMMATION 1045

and were recruited for inclusion in the study, if they were
either obese (BMI > 95th percentile for age and sex) or
normal weight (BMI > 5th and <85th percentile for age
and sex) and with or without asthma. Thus, subjects were
categorized into four groups according to the presence of
asthma and obesity: normal weight non-asthmatic
(NWNA), normal weight asthmatic (NWA), obese non-
asthmatic (ONA), and obese asthmatic (OA).

Patients, who reported having chronic infiammatory con-
ditions such as diabetes, chronic kidney disease, or lupus on
the questionnaire and those who reported taking systemic
steroids or high-dose inhaled steroids in the 3 months prior to
recruitment were excluded to prevent the confounding
effects of high-dose steroid use on hs-CRP levels. The
study was approved by the Montefiore Medical Center insti-
tutional review board (IRB). The written informed consent
was obtained from subjects and parents.

Measures

All measures including hs-CRP level, measures of physi-
cal fitness, and pulmonary function tests (PFTs) were
obtained within 2 weeks of recruitment.

Questionnaire. The questionnaire was developed to
include demographic information, medical history, and
list of medications used in the 3 months prior to the
recruitment. In addition, to assess the asthma severity
among asthmatic patients, the questionnaire included
three asthma symptom questions asking about frequency
of daytime and nocturnal symptoms and frequency of
albuterol use, as per the 2007 NHLBI Asthma Expert
Panel Report (21).

Anthropometries and Physical Fitness. Subjects returned
to the Clinical Research Center (CRC) for standardized
anthropométrie measures and measures of physical fitness.
A trained research nurse measured the height and weight in
light clothing on a Scaletronix® stadiometer and calculated
the BMI. BMI percentile was obtained using the Epi Info
software produced by the Centers for Disease Control and
Prevention (22).

Subjects also completed the Modifiable Activity
Questionnaire for Adolescents (23). We used days of vig-
orous physical activity in the two weeks prior to the visit as
a measure of physical activity. To measure physical fit-
ness, subjects completed the 6-min walk test (6-MWT) as
per the American Thoracic Society Guidelines (24). The
test is easy to administer, better tolerated, and more reflec-
tive of activities of everyday life than other walk tests (25).
Trained research nurses at the CRC measured the distance
that an individual can walk quickly on a fiat hard surface in
a period of 6 min.

High-sensitivity CRP Level. The research nurse collected
blood from the subjects after an 8- to 12-h fast. Samples
were centrifuged within 1 h of collection. hs-CRP level
was measured using latex-enhanced immunoturbidimetry
(CRP ultra wide reagent kit. Equal Diagnostics, Exton, PA,
USA) on the Olympus AU400/400 analyzer (Olympus
Life and Material Science Europa GmbH, Lismeehan,

Ireland). The analyzer has a lower limit of detection of
0.1 mg/dL.

Pulmonary Function Tçsts. All subjects returned to the
pulmonary function laboratory at the Children's Hospital
at Montefiore, where they had PFTs conducted by a
respiratory therapist, trained in pulmonary function testing
according to the American Thoracic Society guidelines
(26), using a VMax 229 spirometer (Sensormedics Corp.
Yorba Linda, CA, USA). We used National Health and
Nutritional Examination Survey (NHANES) III reference
values to obtain the percent predicted values of spirometry
indices (27). Indices measured including forced vital capa-
city (FVC), forced expiratory volume in first second
(FEV]) (a marker of impaired respiratory function),
FEVj/FVC ratio (a marker of lower airway obstruction),
and forced expiratory flow (FEF25_75%) (a measure of air-
flow in the mid-portion of forced expiration). Normal
values for all indices are predicted to be between 80%
and 120%.

Asthma Classification. The diagnosis of asthma in adoles-
cents, who identified themselves as having asthma on the
questionnaire, was confirmed by using electronic medical
records. Patients were designated to have asthma, if PFTs
had been performed confirming the diagnosis of asthma or
they had a recorded visit either for an exacerbation of
asthma or for the management of asthma. Asthma severity
was classified using the National Heart, Lung, and Blood
Institute (NHLBI) Expert Panel Report guidelines (21).
Study participants with asthma were queried on the fre-
quency of daytime and nocturnal symptoms and the fre-
quency of albuterol use. Pulmonary function testing as
mentioned earlier provided the FEVj and FEVj/FVC mea-
sures. Based on the responses to the symptom questions
and pulmonary function testing, subjects with asthma were
classified as having intermittent, mild persistent, moderate
persistent, or severe persistent asthma. As recommended
by the NHLBI Expert Panel Report guidelines (21), the
symptom frequency or PFT value, which classified asthma
into the highest severity category, was used for
classification.

Statistical Analyses

All variables were evaluated for normal distribution. As
hs-CRP was not normally distributed, it was log-
transformed for all analyses. Among the four groups,
demographic variables, hs-CRP, PFT indices, and 6-
MWTD were compared using ANOVA for continuous
variables and chi-square test for categorical variables. For
continuous data, between group differences were exam-
ined by using Bonferroni post hoc analysis and for cate-
gorical data, between group differences were examined by
using an individual chi-square test. To ensure homogeneity
in the two obese groups with and without asthma, we
compared the proportion of subjects with severe obesity
(BMI > 99th percentile for age and sex) in each group. To
ensure homogeneity in the two groups with asthma and
with and without obesity, we compared the proportion of
subjects with asthma severity in each group. To assess the
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CVD risk among all four groups, we compared the propor-
don of participants in each group with hs-CRP levels >
3 mg/dL, a value that has been shown to be associated with
an increased risk of CVD (28).

Bivariate associadons of log-CRP with demographic
variables, PFT indices, 6-MWTD, physical acdvity, obe-
sity, and asthma were examined by using /-test and
Pearson's correladon. To examine the associadon between
log-CRP and asthma severity and vigorous physical acdv-
ity, ANOVA was used.

To examine the associadons between log-CRP, obesity,
and asthma, we used multivariate linear regression and
adjusted for potendal confounders (e.g. age, sex, and
race/ethnicity). As higher amounts of physical acdvity
have been associated with lower levels of proinflammatory
markers (29), and improved physical fitness is associated
with lower prevalence of CVD risk markers (30), we added
the reported days of vigorous physical activity in the last 2
weeks (with no days of physical acdvity as the reference
category) as well as the 6-MWTD as the measures of
physical activity and physical fitness, respecdvely, in the
model. Obesity was added as a binary variable (yes/no).
Asthma was added to the model first as a binary variable
(yes/no) and then, in a separate model, according to the
severity (no asthma, mild intermittent, mild persistent,
moderate persistent, or severe persistent asthma). Finally,
the effect modificadon between obesity and asthma was
examined by adding an interacdon term (obesity x
asthma) in the exisdng regression model. Addidve synergy

was examined by calculating the sum of change in model
R^, where either obesity or asthma was added to the pri-
mary model and compared with the change in model F^.,
where both were added to the primary model. Model
residuals were plotted for the assessment of normality.
Analyses were performed using STATA 11.0 (StataCorp
LP, College Stadon, TX, USA). For all analysis, a p-value
of <.O5 was considered stadsdcally significant.

RESULTS

Of the 200 eligible subjects who agreed to pariicipate, 128
returned for the study visit and completed all data collec-
tion. Thirty-one were normal weight non-asthmatic
(NWNA), 18 were normal weight asthmadc (NWA), 42
were obese non-asthmatic (ONA), and 33 were obese
asthmatic (OA). Subjects who completed the study were
not different in age, sex, or race/ethnicity distribution from
those who did not (data not shown). Four subjects were
excluded from the analyses because their hs-CRP levels
were >15 mg/L, indicadng an acute inflammatory process.

In the 124 subjects included in the analyses, mean age
was 16.1 ± 2.3 years; 69% were girls; 59% were Hispanic;
and 41% black. Table 1 shows the comparison of the
demographic variables, hs-CRP levels, PFT indices, and
measures of physical acdvity and physical fitness among
the four groups. Normal weight and non-asthmadc sub-
jects were significantly older than the obese subjects.

TABLE 1.—Characteristics of subjects.

N= 124

Age, yrs. (mean ± SD)
Females, n (%)
Race/ethnicity
Hispanic, n (%)

Black, n (%)
BMI, kg/m^ (mean ± SD)

Severe obesity (BMI > 99th percentile), n (%)
CRP, mg/dL (geometric mean ± SD)
CRP > = 3 mg/dL, n (%)
Asthma Severity, n (%)

Intermittent
Mild persistent
Moderate persistent
Severe persistent

FVC, % predicted (mean ± SD)
FEV|, %predicted (mean ± SD)
FEV|/FVC (mean ± SD)
FEF25_75», predicted (mean ± SD)
6-MWT, feet (mean ± SD)
Days of physical activity in past 2 weeks:

None
1-5 days
5 6 days

Nonnal

Non-asthmatic
(n = 31)

17.4 ±2.1*'^
26 (84)

21 (68)
10(32)

22.8 ± 3*"
Not applicable
0.59 ± 3.7*'̂

5(16)*

Not applicable

98 ± 13
96 ± 10
87 ± 6
94 ± 16

1565 ± 182

17(55)
8(26)
6(19)

weight

Asthmatic
(«=18)

16.3 ± 2.5
11(61)

13 (72)
5(28)

22 ± 3"+
Not applicable
0.87± 2.99^^

3(15)'^

6(33)
5(28)
7(39)

0
94 ± 15
87 ± 15
82 ± 10
77 ± 2 3

1561 ±271

9 (50)'̂
5 (28)-̂
4(22)

Obese

Non-asthmatic
(n = 42)

15.7 ±2.2*
29 (69)

25 (60)
17 (40)

37.7 ± 7.5*"
18(44)

2.19 ±3.02*^
17 (42)*

Not applicable

97 ± 15
94 ± 15
86 ± 5
93 ± 2 3

1509 ± 164

16 (38)*
17 (40)*
9(21)

Asthmatic
(« = 33)

15.3 ± 1.9'̂
19 (58)

14 (42)
19 (58)
38.1 ±5.4'^+

19 (56)
2.81 ±2.9'*^

21 (62)'̂

17(52)
6(18)
9(27)
1(3)

99 ± 17
92 ± 16
82 ± 8
81 ±26

1447 ± 206

4(13)*'^
22 (73)*'̂

4(13)

f-value"

<.OO1

.13

.11

<.OO1

.13
<.OO1

<.OO1

.5

.78

.16

.03

.02

.08

.005

Note: **ANOVA for continuous variables and chi-squared test for categorical variables.
Similar symbols .show significant between group differences in post hoc analyses, using Bonferroni correction for continuous variables and individual chi-squared tests for categorical
variables.
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0.93
1.36

NWNA NWA ONA OA

FIGURE 1.—Box plots of log-CRP among the four groups of subjects with
and without obesity and asthma.
Note; Trend test across ordered groups; /7-va!ue < .001.
NWNA, normal weight non-asthmatic; NWA, normal weight asthmatic;
ONA, obese non-asthmatic; OA, obese asthmatic.
The upper and lower edges of the box represent the 25th and 75th percentiles
and the middle line represents the median value of log-CRP. Whiskers
represent 1.5 times the inter quartile range.

TABLE 2.—Correlation between CRP and measures of
asthma severity.

FVC
FEV,
FEV,/FVC
FEF25-75%
6-MWTD

CRP

-0.06
-0.22
-0.14
-0.13
-0.06

P-value

.74

.02

.69

.71

.51

There was no difference in the sex and racial-ethnic dis-
tribution among the groups. Nearly 50% of obese subjects
with and without asthma had severe obesity. More than
one-third of all subjects had an hs-CRP level >3 mg/dL, a
level that has been associated with increased CVD risk
burden in adults (31, 32). And, the proportion of adoles-
cents with hs-CRP levels >3 mg/dL increased significantly
from 16% in the NWNA group to 42% in the ONA group,
and to 62% in the OA group. There was no difference in

severity of asthma between the obese and normal weight
groups, with only one subject with severe asthma. Of the
pulmonary function indices, both EEVi/EVC ratio and
EEE25_75% predicted were significantiy lower in the asth-
matic groups when compared with the non-asthmatic
groups. We found a significant trend in increasing hs-
CRP levels among the four groups, with the OA group
having the highest median level (Eigure 1).

Examining bivariate associations of hs-CRP with obe-
sity and asthma, hs-CRP levels were significantly higher in
the obese subjects compared with the normal weight sub-
jects (geometiic mean ± SD: 2.38 ± 2.91 vs. 0.72 ± 3.54;
p < .001) and between the asthmatic and non-asthmatic
subjects (geometric mean ± SD: 1.21 ± 3.71 vs.
1.96 ±3 .28 ; ; ; = .039).

Examining the association between hs-CRP levels and
pulmonary function indices, we found a significant nega-
tive correlation of hs-CRP with EEV, (Table 2). No sig-
nificant correlations were found between hs-CRP and the
other pulmonary function indices, or the 6-MWTD. In
addition, we found no association between hs-CRP and
asthma severity or days of physical activity.

In multivariate regression, after adjusting for age, sex,
race, physical activity, 6-MWTD, and obesity, the model
explained 30% of the variance in hs-CRP (see. Model 2 in
Table 3). A strong association was observed between obesity
and log-CRP (ß ± SE: 1.43 ± 0.23;p < .001). When asthma
was included as a covariate in the model, it explained 33% of
the variance in log-CRP (see. Model 3 in Table 3). Asthma
was moderately associated with log-CRP (ß ± SE:
0.48 ± 0.21;p < .05). Adding a multiplicative term (asthma
X obesity) showed no significant interaction between asthma
and obesity in their association with log-CRP. However, we
found additive synergy between obesity and asthma. This
was done by adding each to the primary model separately
and calculating the difference in R^ and comparing these
results with the change in R^ when both were added to the
same model. Our primary regression model (see. Table 3:
Model 1) has an 7? of 0.057. Adding asthma alone to the
model resulted in a change in R^ of 0.022, while adding
obesity alone to the model resulted in a change in R^ of 0.241
(see. Table 3: Model 2). Adding both obesity and asthma to
the model resulted in a change in R^ of 0.272 (see Table 3:
Model 3). Thus, changes in model R^ when both obesity and

TABLE 3.—Regression models of log-CRP with obesity and asthma*.

6 MWTD, feet
Activity 1-5 days
Activity > 6 days
Obesity
Asthma
Model R^
Model /)-value

ß

0.0003
0.090

-0.374

0.057
0.23

Model 1

95% CI

-0.001,0.001
-0.142,0.932
-0.948, 0.388

/"-value

.85

.15

.41

ß

0.003
0.090

-0.372
1.426

0.298
<0.001

Model 2

95% CI

-0.001,0.001
-0.393, 0.574
-0.962,0.217

0.902, 1.830

/"-value

.599

.712

.213
<.OO1

ß

0.0002
0.016

-0.378
1.432
0.478
0.329

<0.001

Model 3

95% CI

-0.001, 0.001
-0.464, 0.496
-0.958,0.199

0.973, 1.892
0.059, 0.897

/"-value

.676

.947

.196
<.OO1

.028

Note: *A11 models also adjusted for age, sex, and race/ethnicity.
6-MWTD, 6-min walk test distance.
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asthma are in the model (0.272) were greater than the sum of
the changes in I^ with asthma or obesity alone
(0.022 + 0.241 = 0.263), showing additive synergy between
the two conditions.

DISCUSSION

In this sample of adolescents, we found that, after control-
ling for potential modifying factors, both asthma and
obesity are independentiy associated with systemic inflam-
mation, as measured by hs-CRP. Bivariate associations
showed a trend toward higher hs-CRP levels in subjects
with both obesity and asthma. This was further noted when
examining for an additive interaction in the multivariate
regression model, after adjusting for known confounders,
suggesting a synergistic association of obesity and asthma
with systemic inflammation.

The association between asthma, obesity, and systemic
inflammation remains controversial. It has been hypothe-
sized that some cytokines associated with obesity may
play a modifying role in asthma. For example, IL-6 has
the potential to modulate the T helper 2 (Th2) immunity
(33) and TNF-a amplifies airway inflammation (34) and
increases airway contractility in vitro (35). Studies in the
pédiatrie population report contradictory results in the
association between asthma and systemic inflammation.
In a longitudinal study, Bekkers et al. recentiy reported an
association between complement factor 3 (C3) and asthma
symptoms in children, but no association with CRP (36),
whereas Deraz et al. showed a positive association
between childhood asthma and CRP in non-obese age
and sex-matched children (37). In addition, in a retrospec-
tive analysis of over 10,000 children (mean age 9.3 ±
6.3 years) from the NHANES, Michelson et al. found
that the association between elevated hs-CRP levels and
asthma was most pronounced in subjects with the most
severe reported symptoms (16). We found no association
between asthma severity and hs-CRP levels. However,
our study sample was skewed toward subjects with inter-
mittent or mild persistent asthma. Thus, the interplay
between obesity, asthma, and inflammation needs to be
evaluated further.

To our knowledge, our finding of a significant indepen-
dent positive association between asthma and hs-CRP
levels using objective measures of asthma diagnosis and
severity has not been reported in adolescents. Our use of
objective measures of asthma severity including an asthma
symptom questionnaire and PFTs and adjustment for phy-
sical activity and physical fitness, both known confounders
of hs-CRP, adds to the robustness of our findings. Although
the duration of physical activity did not show a significant
association with hs-CRP in the regression model, studies
have shown that compared with obesity, the association
between physical activity and hs-CRP may be modest (38).

Our finding of an independent positive association of
asthma and hs-CRP levels is in complete concordance with
that of Sutherland et al., who studied premenopausal

women in New Zealand using objective measures of
asthma diagnosis. These investigators found significantiy
higher hs-CRP levels in subjects with asthma even after
adjusting for percent body fat. While Sutherland et al. also
found an expected increase in hs-CRP levels in obese
versus normal weight women, unlike us, they found no
synergistic association between obesity and asthma with
hs-CRP levels (39).

In our adolescent subjects, we found a significant nega-
tive association between hs-CRP levels and FEV,, a reli-
able marker of impaired pulmonary function. This
association has been reported in adult studies (40, 41).
Our findings corroborate this finding in adolescent sub-
jects. Mechanistic studies are required to understand the
role of inflammation in reducing lung function.

Our finding of a strong positive association between the
obesity and elevated hs-CRP levels confirms what is
reported in other pédiatrie (38, 42) and adult studies (43).
Analyzing NHANES data. Ford et al. reported the odds of
elevated hs-CRP levels in children with a BMI > 95th
percentile are four times as high as those with a BMI in
the 15th-85th percentile, even after adjusting for age, race,
or ethnicity (42). Similarly, in linear regression models, we
found that the association between hs-CRP and BMI per-
sisted, even after adjustment for age, sex, and ethnicity.

Over all, more than one-third of our adolescent subjects
had serum hs-CRP levels of > 3 mg/dL. The NHANES
1999-2000 data have showed that 15% of adolescents had
hs-CRP levels > 3 mg/L (44). These numbers are similar to
our normal weight subjects (16% in asthmatic and non-
asthmatic groups). However, our obese cohort showed a
much higher proportion of subjects with high-risk CRP
levels (42% of non-asthmatic and 62% of asthmatic obese
subjects). Although these differences can be attributed to
other factors that we did not account for, such as low
socioeconomic status (45), it is most likely due to the
presence of severe obesity in our cohort, where 50% of
the subjects were severely obese (BMI > 99th percentile
for age and sex). In addition, the prevalence of adolescent
obesity has increased from 17.6% (2003-2006) (1) to
18.2% (2009-2010) (46), and it is possible that the propor-
tion of hs-CRP levels >3 mg/L may be greater even in
population studies. We suggest that the high proportion of
adolescents with both asthma and obesity, who have very
high levels of systemic inflammation, places this already
high-risk population at a greater risk of CVD in young and
middle adulthood.

Our results need to be viewed in the light of some
limitations. First, the cross-sectional nature of the study
prevents us from addressing causality. We used hs-CRP as
the only marker of systemic inflammation due to its known
predictive ability for CVD risk. However, other inflamma-
tory markers may show stronger associations with asthma
and asthma severity. An objective measure of physical
activity may be more reliable than a validated self-reported
questionnaire. Due to the strong inverse association
between steroid use and inflammatory markers, we did
not include subjects who had used systemic steroids in
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the 3 months prior to recruitment, limiting our subjects to
those with mild to moderate asthma. It is probable that
subjects with severe and/or poorly controlled asthma
would show stronger associations with systemic inflam-
mation. In fact. Torren et al. reported a significant risk of
CVD-related death in adults with severe asthma (47). Also,
we enrolled obese adolescents but not overweight adoles-
cents. This was done to keep a clear distinction between
the two groups. Euture studies in a larger cohort of adoles-
cents encompassing all weight and asthma severity cate-
gories will be helpful to quantify the independent and
synergistic effects of obesity and asthma on systemic
inflammation more accurately.

Despite these limitations, our study is the first con-
ducted in children and adolescents, that uses objective
measures to determine asthma severity, as recommended
by the Expert Panel (21), to examine the association
between obesity, asthma, and systemic inflammation.
Additionally, by adjusting for known confounding factors
related to the hs-CRP levels, such as physical activity and
fitness, we were able to examine the independent and
synergistic associations of asthma and obesity with sys-
temic inflammation.

CONCLUSION

The independent and synergistic associations between sys-
temic inflammation, asthma, and obesity, underline the
need for a coordinated approach to public health efforts
to decrease the CVD risk burden during childhood and
adolescence.
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