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ABSTRACT

Background and aims: Inflammation plays a key role in atherosclerosisl dhis
process seems to appear in childhood. The idedios@scular health index (ICHI) has
been inversely related to atherosclerotic plaquadults. However, evidence regarding
inflammation and ICHI in adolescents is scarce. @hme is toassess the association
between the ICHI and inflammation in European astmats.

Methods and results: 543 adolescents (251 boys and 292 girls) from tlealtHy
Lifestyle in Europe by Nutrition in Adolescence (HENA) study, a cross-sectional
multi-center study including 9 European countri@sye measured. C-reactive protein
(CRP), complement factors C3 and C4, leptin andenbliood cell counts were used to
compute an inflammatory score. Multilevel linear dats and multilevel logistic
regression were used to assess the associationedrethCHI and inflammation
controlling by covariates. Higher ICHI was assasihtvith a lower inflammatory score,
as well as with several individual components, biottboys and girls (p<0.01). In
addition, adolescents with at least 4 ideal comptmef the ICHI had significantly
lower inflammatory score and lower levels of thedst biomarkers, except CRP.
Finally, the multilevel logistic regression show#tat for every unit increase in the
ICHI, the probability of having an inflammatory fiite decreased by 28.1% in girls.
Conclusion: Results from this study suggest that a better I@&Hassociated with a
lower inflammatory profile already in adolescentraproving these health behaviors,
and health factors included in the ICHI, could plag important role in CVD

prevention.

Keywords: Cardiovascular health; inflammation; European esicénts.
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INTRODUCTION

Cardiovascular diseases (CVD), such as coronasryadisease, are the result of
atherosclerosis progression (1). Evidence sugpgesiriflammation has a key role in the
origin and development of atherosclerosis (2) dsiggers the formation of the fatty
streak and its development into complex plaque AB)erosclerosis has its origins in
childhood and is associated with early risk fac{dds yet symptoms may appear later in
life (5). The relationship between inflammation azatdiovascular diseases is present
already in childhood (6).

High concentrations of C-reactive protein (CRP)nse® track from childhood to
adulthood (7). However, there are other biomarkergributing to the characterization
of the inflammatory process such as cytokines,(8) gumor necrosis factor alpha
(TNF-alpha), or interleukins, e.g. interleukin &-@). Nevertheless, other biomarkers
have also been considered (9).

In addition, CRP is not always associated with mtbeerosis diagnosed by image
techniques,(10) therefore, the use of a score tbhatbines several inflammatory
biomarkers could provide an overall estimationta inflammatory status. A previous
study (11) developed an inflammatory score, whichiuded CRP, complement factors
C3 and C4, leptin and white blood cells (WBC) begjected due to their high

correlation with fatness and traditional cardio-abetlic risk factors.

In 2010, the American Heart Association (AHA) raled the ideal cardiovascular
health index (ICHI), (12) including four health lzefors and three health factors. The
behavior-related criteria were: non-smoking, bepiysically active, having normal
body mass index (BMI), and eating a healthy digtjlevthe health factors included
were: normal blood pressure, plasma total cholelsterd glucose. The ICHI has been
inversely related to the presence of atherosclemfaque in adults (13); therefore, it
could represent a useful epidemiological tool teeas the cardiovascular profile.
Although there are some studies assessing theorehtp between cardiovascular
profile and metabolic risk factors in adolescentsyaung adults,(14, 15) there is not
sufficient evidence on the association betweeramfhation and cardiovascular health

in young populations.



110 The aims of the present study were to to assessadbeciation between ICHI and
111 inflammatory markers in European adolescents andexamine the use of an

112 inflammatory score to assess the inflammatory stet@dolescents (14).
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METHODS

Study design

The HELENA study is a cross-sectional multi-cergtrdy (n=3528) conducted in 10
European cities: Athens and Heraklion in Greecestond in Germany, Ghent in
Belgium, Lille in France, Pecs in Hungary, Romeltaly, Stockholm in Sweden,
Vienna in Austria and Zaragoza in Spain. HELENAdstuhas been previously
described(16).

The study was performed according to the ethicaledunes of the Edinburgh revision
of the 1964 Declaration of Helsinki (2000). ThedbEthics Committees of each center

approved the protocol and written informed consesd obtained.

Study population

Out of the total HELENA sample, one third from th@ cities was chosen to provide
blood samples (n=1089, 31%). Therefore, around ddflescents in each city were
selected by means of the immunological parametbishamvere those with the highest
variability within the blood measurements that waauded in the study (16). Overall,
543 participants (251 boys and 292 girls) met th@usion criteria for the present
analysis: having data on the variables includethenICH index and having measured

the CRP, C3 and C4 complement factors, leptin aBCWSupplementary Figure 1)

Physical examinations

Weight and height were measured in underwear arefdm with a SECA 861 (Seca
Ltd) and with a stadiometer SECA 225 (Seca Ltdjaddition, body mass index (BMI)
was calculated as body weight in kilograms divithgdthe square of height in meters.
Pubertal maduration was examined by a clinician wad assessed according Tanner
(5-point-scale). Systolic and diastolic blood pueeswas measured with an automatic
oscillometric device (Omron M6). Participants weseated in a quiet room for ten
minutes with their backs supported and feet orgtioeind. The lowest value of the two
measurements, taken with a difference of 5 minutes, recorded and the mean was
used in data analysis. All anthropometric measwe® taken following a standardized

protocol.

Socioeconomic status
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A modified version of the family affluence scaleA%) was used as a proxy of
socioeconomic status (SES). The adolescents cosdpetquestionnaire asking about
the numbers of cars and computers at home, hantaghet and whether the adolescent
had his or her own room. In the HELENA study, thi&SFwas modified by replacing
‘frequency of family holidays’ by ‘Internet availdity at home’. Adolescents were
scored from O (very low SES) to 8 (very high SES).

Blood analysis

Blood withdrawal was performed in fasting statuB@/counts and percentages were
determined with automated blood cell counters. &tiee protein (CRP) levels were
quantified by immunoturbidimetry (AU 2700, OlimpwRungis, France). Serum C3 and
C4 complement factors were analyzed by nephelom@ghring Diagnostics, CA,
USA). The coefficient of variation (inter-assay @sgon) was 1.9% for CRP, 1.4% for
C3, and 1.2% for C4. Detection limits (sensitivitygre 0.007 mg/L for CRP, 0.01 g/L
for C3, and 0.002 g/L for C4. Serum leptin (ng/mias measured using the RayBio
Human Leptin ELISA (Enzyme-Linked Immunosorbent &gsRayBiotech, Norcross,
GA, USA) kit. The sensitivity of the leptin assaysv<6 pg/mL, with intra-assay and
interassay coefficients of variation of <10% an@%l

Ideal cardiovascular health index
The AHA released the ICHI in 2010 (12) with the offtvalues for adolescents.

Health behaviors

Four health behaviors were considered for the IGdex: smoking behavior, physical
activity, BMI and diet.

Smoking status was categorized considering thosehald never smoked as having an
ideal smoking behavior. Adolescents who performedemhan 60 min of moderate to
vigorous self-reported exercise every day werestiad as having an ideal physical
activity level. BMI z-score and BMI categories weterived using the British 1990
Growth Reference Data from the Child Growth.(17), 18

To assess dietary intake the HELENA-Dietary Assesgriool (HELENA-DIAT)(19),

a self-report dietary recall based on six meal sictes, was used. The dietary indicators
used to assess ideality of the diet were: consumif fruit and vegetables (more than

400 g per day), fish and fish products (at leasy &r day), fiber (at least 1.1 grams per



181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

10 g of carbohydrates per day), sodium (less tf#0 Ing per day), and soft drinks
(less than 145 mL per day). Having at least 4 e$¢hindicators classified as ‘ideal’ was

considered as ideal healthy diet.

Health factors

The cut-off for the biomarkers assessed to condigem ideal was <170mg/dL for
plasma total cholesterol and <100mg/dL for glucose.

The lower value of the diastolic blood pressure systolic blood pressure was used in
the analysis to classify blood pressure statusieal when lower than the ¥@entile

for the blood pressure (12).

Inflammatory score

A continuous score was computed from some inflarorgadtiomarkers: CRP, C3, C4,
WBC and leptin. The selection of these biomarkeais vased on a preliminary analysis
with fatness and traditional cardio-metabolic riaktors as previously assessed within
the HELENA study (11) (Supplementary material table

Standardized values of the biomarkers were cakedldr boys and girls and by 1-year
age groups with the following formula: standardizdue= (value — mean) / standard
deviation (SD), as has been done elsewhere.(11go®s from biomarkers were

summed up to create a score of inflammation.

Statistical analysis

Analyses were stratified by sex. Normality assumptivas checked and transformation
was performed if required. Partial correlationguated for age, sex, pubertal stage and
center, between traditional and nontraditional icarchetabolic biomarkers were
performed for the selection of the inflammatoryrbarkers for the inflammatory score.

Student t test and chi-squared test were perfofforetthe differences between the study
participants by sex. Additionally, ANCOVA was pemfted to assess mean value of the
inflammatory score by the ideal category and nas&ictategory of each component of

the ICHI, adjusting by tanner as covariate andereset random factor.
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Multilevel linear models (level: center) were usedissess the associations between the
inflammatory score (dependent variable) and the lICRvo different models were
carried out. In the first model, the covariatesdusere Tanner and SES while in the
second model the cardiorespiratory fithess wasuded. Frequencies between number
of components of the ICHI and inflammatory scoreevassessed and the p for trend
was calculated.

Finally, a multilevel logistic regression (level:erder) was performed. The
inflammatory index was transformed into a categdn@riable using the median value
in order to split the sample into two groups (k0>737; 11:< -0.737 for boys and I: > -
0.268; 11:<-0.268 for girls) and the ideal cardiovascular trealdex was considered as
independent variable. Two different models werefgrared. In the first model, the
covariates used were Tanner and SES while in tbensemodel the cardiorespiratory
fitness was included. Interactions between cowesiadnd dependent variable were
assessed before calculating the multivariate regmnesnodel using Wald test in both
multilevel models: linear and logistic, and no istatal significance was observed in
any. Also, multicollinearity was assessed by meaingariance inflation factor values
calculation for covariates in each multilevel lineaodel, and all were < 10.

Data were managed and analyzed with SPSS Statisfi®sand R software with Ime4

package for multilevel regression models and AEEkpge to test for multicollinearity.
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RESULTS

Baseline characteristics are shown in Table 1. &kare significant differences by sex
in some of the ICHI components and some biomarkénse of the boys and only 9%
of the girls followed a healthy diet, almost 47%tlé& girls had high total cholesterol
levels and 40% of the girls did not comply with igAidelines. Results for the selection
of the inflammatory biomarkers are found in Supmemary table 1. Differences in
mean concentration of the inflammatory score by tategories of each ICHI
component are presented in Supplementary tablagaifiSant sex differences were
found in BMI, physical activity and blood pressuRtasma glucose showed significant

differences by category of ICHI component in boys.

Results for the multilevel linear models of the ICie presented in Table 2, for boys,
and Table 3, for girls. In model 1, the ICHI wagrsficantly and inversely related to the
inflammatory score and its components: inflammatsecgre (p<0.001 for boys and
girls), C3 (p=0.001 for boys and p<0.001 for girl€} (p=0.002 for boys and p=0.001
for girls), WBC (p=0.017 for girls) and log-lept{p<0.001 for boys and girls). In model
2, the biomarkers significantly and inversely assted with the ICH index were:
inflammatory score (p=0.005 for boys and p=0.005gids), C3 (p=0.001 in girls), C4
(p=0.004 in boys and p=0.039 in girls) and log-legp<0.001 in boys and p=0.006 in
girls). Also, lower levels of inflammation were asgmted with a higher number of
components of the ICH index in boys (p<0.001) aind ¢p<0.001) (Figure 1).

Finally, the multilevel logistic regression (Tale showed the probability of having a
higher or lower inflammatory state when increasomg unit of the ICHI. For boys,
when increasing the ICHI with one unit, the proligbiof having a higher

inflammatory status decreased 30.7% (OR=0.693, 95%644-0.883, p=0.003) in the
model 1, while this probability decreased 26.5% fOR35, 95%CI: 0.533-1.014
p=0.061) in model 2. In girls, when increasing kGé&ll with one unit the probability of

having a higher inflammatory status decreased 2Z@R=0.677, 95%CI: 0.539-0.850,
p<0.001) in the first model and 28.1% (OR=0.71%0€3: 0.534-0.969, p=0.031) for

model 2.

10
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DISCUSSION

Findings from this study suggest that the ICHI wsgd by the AHA is negatively
associated with inflammation, measured by biomarlaad an inflammatory score, in a
sample of European adolescents.

Less than optimal cardiovascular health during estm@nce seems to be critical in the
development of future CVD.(20) A very low prevalenmaf the ICHI has been shown in
a U.S sample of adolescents, especially regarditig liehavioral components, physical
activity and diet.(21) Furthermore, in another gtud adolescents, the ICHI was
inversely associated with aortic intima-media arndeally associated with aortic
elasticity, already in adolescence, supporting riflevance of this tool as part of a
primary prevention of future cardiovascular eve@m).

However, none of the European adolescents includezlr study sample met the 7
components of the ICHI. This result is in line whevious studies reporting the same
outcome in adolescents (14, 20, 22). Maybe thesdtseare due to the low scores of the
ideal diet score component; this component incluaddsast four ideal diet criteria out
of five, and was also the component least often imetur sample, 1.7%. In studies
performed in adults, the ideal diet score was dls® less frequent component;
prevalence being <1%(23) and 0.4%(24). In our samgiong the diet components,
the optimum level of sodium intake was achievedydn} 8.7% of the adolescents,
being the most difficult criteria to meet, but atsoe of the most challenging criteria to
measure accurately. In contrast, having <100mgddiglucose was the most commonly

achieved component of the ICHI since 91.2% of amngle met this criteria.

In our sample, we observed a negative associagbmden ICHI and the inflammatory
score, suggesting that the higher the ICHI the fothe inflammatory score. To our

knowledge, there are no previous studies assesbmgelation between ICHI and

inflammation in adolescence. However, a previousdystobserved that ICHI in

adolescence was a good predictor of cardio-mewb@alth in adulthood (20). As,

individually, the components of the ICHI, such asdiovascular risk factors, have been
already related to biomarkers of inflammation(26)seems that cardiovascular risk
could be mediated through inflammation.

11
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In the current study, the observed associationse vieand using the ICHI as a 7-
component variable and the inflammatory score, peddently of sex. However, the
ICHI was associated with all the individual biomerk of the inflammatory score
except CRP. This protein is the most widely clihlmamarker of inflammation because
it is easily and reliably measured and it has bretated to adiposity and cardiovascular
risk factors in healthy children.(26) Moreover, CR&s been related to the prediction of
coronary heart disease (27) and atherosclerosaslutts (28). However, based on our
findings, it would be recommended to investigateeobiomarkers related to traditional

metabolic risk factors, in addition to CRP, to exdé the inflammatory status.

Cardiorespiratory fitness can be considered as kanaf cardiovascular health in
children and adolescents (29) and has been refatad increased prevalence of CVD
risk factors in adolescents and adults (30). A imey study with HELENA data

showed that higher levels of cardiorespiratoryefsis were positively associated with
the ICHI in adolescents.(14) Our results show ttet ICHI was associated with

inflammation independently of cardiorespiratorydiss in girls.

There were several limitations to our findings.rsEithe cross-sectional nature of the
study is a limitation. The inflammatory score isngde specific and each biomarker
weighted equally for the prediction of cardio-metibrisk. Blood samples only reflect
inflammation at this specific time point. Howevehis study has many strengths
including the use of an inflammatory score that suop several inflammatory
biomarkers, related to cardio-metabolic risk toeassan overall cardio metabolic status
as well as the use of standardized and harmonigi@mation from 9 European

countries.

In conclusion, results from the current study shbat there is an association between
the ideal cardiovascular health in adolescence iafldmmatory status. Despite not
being significant for CRP, results were stronglgaasated with a composite index of
inflammation including CRP, WBC, C3, C4 and leptim,both gender, and, in girls,
independently of the cardiorespiratory. Since thestdifficult ICHI criteria to achieve
was ideal diet, we should concentrate efforts tprowe consumption of those food
items included in the index, especially emphasizimg reduction of salt intake. These

results provide further insight to better underdtéire association between lifestyle and

12



332 cardiovascular risk. Longitudinal studies in adot® populations measuring the
333 association between inflammation and cardiovasaisirare needed to confirm these
334 results and to prevent future related diseases.

335
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580 TABLES

581
582
583  Table 1.Characteristics of the study participants.
584
585 -
Mean = SD Boys (n=251) Girls (n=292) p
Age (years) 14.80+1.28 14.81+1.17 0.911
586 Tanner | % (n) 0.8 (2) 0 (0) 0.126
Tanner 1l % (n) 12.4 (31) 6.9 (20) 0.028
Tanner 111 % (n) 17.6 (44) 24.5 (71) 0.054
587
Tanner 1V % (n) 46.0 (115) 45 (132) 0.887
Tanner V % (n) 23.2 (58) 23.1 (67) 0.964
588 Moderate-vigorous PA (min/day) 121.73+91.47 90.8221 <0.001
BMI (kg/m?) 21.04+3.96 21.14+3.38 0.763
Systolic blood pressure (mm Hg) 120.10+14.04 11218519  <0.001
589 Diastolic blood pressure (mm Hg) 64.02+8.61 65.0428 0.174
Glucose (mg/dL) 92.2146.93 88.43+5.99 <0.001
590 Total cholesterol (mg/dL) 152.60+26.06 167.67+87.4 <0.001
Inflammatory score -0.02+3.23 0.14+3.06 0.517
CRP (mg/L) 0.82+1.18 0.85¢1.27 0.781
591 C3 (g/L) 1.11+0.16 1.13+0.16  0.089
C4 (g/L) 0.20+0.06 0.21+0.06  0.271
592 Leptin (ng/mL) 9.17+14.93 29.1+25.06 <0.001
WBC (10x3/ pL) 6.06+1.34 6.45¢1.55  0.002
Ideal health behaviours
593 Smoking % (n) 61.8 (155) 59.2 (173)  0.552
Body mass index % (n) 78.5(197) 82.9 (242) 0.195
594 Physical activity % (n) 70.5 (177) 59.9 (175) 0.010
Diet % (n) 0 (0) 9(3.1) -
Ideal health factors
595 Total cholesterol % (n) 78.5 (197) 53.4 (156) <0.001
Blood pressure % (n) 88.8 (223) 90.1 (263) 0.643
596 Plasma glucose % (n) 84.5 (212) 96.9 (283) <0.001
597 SD: Standard deviation. PA: Physical activity. BBbdy mass index. CRP: C-reactive protein. C:
598 Complement factor. WBC: Whole blood cells countdiCideal cardiovascular health index.
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609
610
611
612

Table 2 Multilevel linear models of the ideal cardiovakseihealth index and inflammation in boys.

600
Model 1 Model 2

BOYS Inflammatory score Inflammatory score 601

Beta 95% CI P Beta 95% CI P
-0.794 -1.146, -0.442 <0.001 -0.597 -1.014, -0.181 0.005 g2

CRP* CRP*

Beta 95% ClI P Beta 95% ClI P

-0.040 -0.183, -0.096 0.540 0.029 -0.140, 0.199 3PS
C3 C3
Beta 95% CI P Beta 95% CI P 604
Ideal -0.297 -0.047, -0.011 0.001 -0.017 -0.037, 0.003 110
cardiovascular ca ca o
health index Beta 95% Ci P Beta 95% ClI p_ o
-0.011 -0.018, -0.004 0.002 -0.012 -0.021, -0.004 .0090

WBC WBC 606

Beta 95% CI P Beta 95% ClI P
-0.077 -0.229, 0.074 0.315 -0.045 -0.226, 0.136 2% 5\~
Leptin* Leptin* s

Beta 95% CI P Beta 95% CI P
-0.393 -0.509, -0.227 <0.001 -0.298 -0.432,-0.164  <0.001608

95% CI: Confidence Interval. CRP: C-reactive pnot€: Complement factor. WBC: Whole blood cellsmiou

*CRP and Leptin are log-transformed.
Model 1: Adjusted by tanner and socioeconomic StéRES)
Model 2: Adjusted by tanner, SES, and cardioregmiyditness.




613
614 Table 3. Multilevel linear models of the ideal cardiovaksaithealth index and inflammation in girls.

615
Model 1 Model 2
GIRLS Inflammatory score Inflammatory score 616
Beta 95% CI P Beta 95% ClI P
-0.646 -0.973, -0.319 <0.001 -0.52 -0.885, -0.155 .0Q8 5
CRP* CRP* T
Beta 95% CI P Beta 95% ClI P
-0.102 -0.240, 0.035 0.145 -0.017 -0.180, 0.14% 38
C3 C3
Beta 95% CI P Beta 95% Cl P619
Ideal -0.036 -0.054, -0.019 <0.001 -0.034 -0.053,-0.015 0.001
cardiovascular Ca ca
health index Beta 95% ClI P Beta 95% ClI p620
-0.012 -0.019, -0.005 0.001 -0.008 -0.016, -0.0004 0.039
WBC WBC 621
Beta 95% CI P Beta 95% ClI P
-0.202 -0.366, -0.037 0.017 -0.157 -0.358, 0.043 128,
Leptin* Leptin* Ve
Beta 95% ClI P Beta 95% ClI P
-0.170 -0.257, -0.082 <0.001 -0.143 -5.469, -1.968 0.0 513

624 95% CI: Confidence Interval. CRP: C-reactive pnot€&: Complement factor. WBC: Whole blood cells miou
625 *CRP and Leptin are log-transformed.

626 Model 1: Adjusted by tanner and socioeconomic StéBES)

627 Model 2: Adjusted by tanner, SES, and cardioresmiyditness.
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638

Table 4. Multilevel logistic regression.

Model 1 Model 2
BOYS OR 95% CI p-value OR 95% ClI p-value
ICHI 0.693  0.544-0.883  0.003 0.735 0.533-1.014 0.06
GIRLS OR 95% ClI p-value OR 95% CI p-value
ICHI 0.677  0.539-0.850 <0.00 0.719 0.534-0.969 30.0

OR: Odds ratio

Model 1: Adjusted by tanner and socioeconomic StéBES)

Model 2: Adjusted by tanner, SES, and cardioretmiyditness.

Cl: Confidence Interval.

26



639
640

641
642
643
644
645
646

FIGURE LEGENDS

Figure 1. Association between inflammatory score and Ideati®vascular Health

index.

Supplementary Figure 1 Flow diagram of the study population.
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HIGHLIGHTS

Lessthan ideal cardiovascular hedth is associated with inflammation in adolescence
C-reactive protein was not associated with cardiovascular health

Diet isthe component of the cardiovascular index most difficult to achieve
Prevention should start early in life to avoid future cardiovascul ar diseases



