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Abstract

Background: Complement promotes inflammatory and immune responses and may affect 

cardiometabolic risk. This study was designed to investigate the effect of complement components 

C3 and C4 on cardiometabolic risk in healthy non-Hispanic white adolescents.

Methods: Body mass index (BMI), BMI percentile, waist circumference, and percent body fat 

were assessed in 75 adolescents. Arterial stiffness was assessed using arterial tomography and 

endothelial function using reactive hyperemia. Fasting lipids, inflammatory markers, and 

complement levels were measured and oral glucose tolerance test was performed. A single C3 

polymorphism and C4 gene copy number variations were assessed.

Results: C3 plasma levels increased with measures of obesity. Endothelial function worsened 

with increased C3 and C4 levels. Triglycerides and LDL increased and HDL and insulin sensitivity 

decreased with increasing C3 levels but the relationships were lost when body habitus was 

included in the model. C4 negatively related to HDL and positively to inflammatory markers. 

Subjects with at least one C3F allele had increased BMI and fat mass index. HDL was 

significantly related to C4L, C4S, C4A and C4B gene copy number variation.

Conclusions: C3 levels increase with increasing body mass and increased C4 levels and copy 

number are associated with increased cardiometabolic risk in healthy adolescents.
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INTRODUCTION

Complement is a key part of the immune system and plays a central role in defense against 

micro-organisms. Prolonged, chronic complement activation, however, may play a 

detrimental role in the development of cardiometabolic disease (1). Serum complement 

component C3 is vital to the three complement activation pathways and increased 

inflammation. C3 is manufactured primarily by hepatocytes but also by adipocytes in 

adipose tissue, macrophages and endothelial cells (2). Chylomicrons with dietary fat 

stimulate adipocyte C3 production.(3, 4)

Besides producing complement adipose tissue also responds to complement. Adipocytes 

have receptors for C3a (C3aR) and C5a (C5aR1 and C5aR2). The C5aR2 is also the only 

known receptor for C3a-desArg (3). C3a-desArg, also known as acylation stimulation 

protein, plays an important role in lipid storage and energy metabolism by accelerating 

adipocyte triglyceride metabolism and increasing plasma triglyceride levels (4). These 

interactions between adipose tissue and complement strongly suggest that complement may 

have a significant pathophysiological role in the development of insulin resistance and the 

metabolic syndrome. In fact, C3 and C3aR knock-out mice are resistant to diet-induced 

obesity and are more insulin sensitive than control mice (3).

Beyond this endothelial cells, also, have anaphyltoxin receptors for C3a, C5a and other 

activated complement components that may increase the expression of cellular adhesion 

molecules and pro-inflammatory cytokines (2). C5a and C5b-9 are associated with increased 

endothelial dysfunction and e-selectin secretion (2). C4a has been shown to stimulate 

protease activated receptors 1 and 4 which leads to increased vascular endothelial 

permeability (5). Thus, the complement system is thought play a dual role in the 

development of atherosclerosis through removal of cellular debris and amplifying 

inflammation (2). A wide variety of genetic modifications of the complement system in mice 

have significant effects on atherosclerosis (6).

Human studies show that increased serum levels of complement C3 are a risk factor for the 

development of diabetes, and a determinant of cardiometabolic risk (7, 8) in adults. 

Furthermore, the C3F allele which codes for C3F protein [named because it travels faster 

than the S-variant (slow) on immunofixation gel (9)] is associated with atherosclerosis in 

adults (10). For C4 gene copy number variation for its acidic (C4A) and basic (C4B) protein 

isotypes and for dichotomous gene size, long (C4L) and short (C4S) has, also, been 

associated with difference in cardiovascular risk and life expectancy (9). Among human 

subjects with antiphospholipid antibodies, those who experienced thromboses had 

consistently higher C4 and C3 serum protein levels and higher C4B gene copy number than 

patients who did not experience thrombosis (11). Moreover, pediatric lupus patients who had 

hypertension have persistently higher serum C4 and C3 protein levels than normotensive 

patients (12).

Adult cardiometabolic disease has its origins in childhood and adolescence (13) and several 

studies have investigated associations between cardiovascular risk and complement in this 

age group. Wamba et al (14), in Chinese pediatric subjects, found increased C3a-desArg 
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(ASP) levels correlated with serum cholesterol, LDL, and glucose levels in both sexes, and 

with insulin levels and homeostatic model assessment (HOMA) index of insulin sensitivity 

in males. Levels were specifically increased in adolescents with the metabolic syndrome. 

Wei et al (15) in a large population based study of 6–18 year olds found increasing levels of 

C3 with increasing BMI and an increasing number of metabolic syndrome components 

within each BMI category. C3a-desArg (ASP) and C3 serum levels are significantly elevated 

in obese vs non-obese children aged 2–6 years (16). Agostinis-Sobrinho et al (17) found 

both C3 and C4 levels predicted inflammatory and biochemical cardiovascular risk scores in 

adolescents. However, the underlying genetic diversity including complement C3 

polymorphism and C4 gene copy number variations were not examined. This study was 

designed to investigate prospectively the relationship of complement C3 and C4 phenotypes 

and genotypes on both biochemical and functional cardiovascular risk factors in a population 

of healthy, non-Hispanic white adolescents across a spectrum of body mass indices.

METHODS

Subjects:

Seventy-five, white adolescents who were not of Hispanic or Latino origin, between the ages 

of 12 to 17 years 11 months years were recruited to participate. Subjects were medication 

free for at least two weeks except for oral contraceptives in females. Subjects with a history 

of autoimmune endocrine, connective tissue disease, hematologic disease, renal disease, or 

malignancy were excluded. The protocol was approved by the Nationwide Children’s 

Hospital Institutional Review Board and written informed assent from the subject and 

informed consent from a parent or guardian were obtained.

Protocol—The protocol was registered on Clinical Trials.gov, .

Study Visit:

Subjects arrived at the Clinical Research Center of the Wexner Medical Center at The Ohio 

State University at 08:00 after an overnight fast beginning at 22:00 the night before the 

study. Upon arrival a brief history and physical examination was performed.

Anthropometrics:

Height (Stadiometer: 216 Accu-Hite Measuring Device, Seca North America, Chino CA), 

weight (SECA 1360 Wireless scale) were measured. Waist circumference was measured to 

the nearest 0.1 cm at the narrowest place between the lowest rib and the iliac crest at the end 

of normal exhalation with a spring loaded, inelastic measuring tape (18). Body fat 

percentage was measured using air displacement plethysmography in the BODPOD 

(COSMED USA Inc., Concord CA). Fat mass index (FMI) was calculated as total body fat 

weight/height2 and fat free mass index (FFMI) as total nonfat weight/height2.

Vascular function:

Arterial tonometry (SphygmoCor, AtCor Medical, Inc., Itasca IL) was used to determine the 

augmentation index, as a measure of vascular stiffness. Results were corrected to heart rate 

of 75 (AIx75).
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Endothelial function:

Endothelial function was measured using post-occlusion, shear stress-induced, endothelially 

mediated vasodilation (reactive hyperemia) after a 20-minute rest period. Strain gauge 

venous occlusion plethysmography (Hokanson AI6 plethysmograph, DE Hokanson, Inc, 

Bellevue, WA) was used to measure forearm blood flow (FBF) and forearm vascular 

resistance (FVR) before and after upper arm occlusion. This method of testing endothelial 

function assesses resistance vessel function (19).

The reactive hyperemia response was quantified as percent decrease in FVR using the 

following protocol. Two minutes of baseline FBF were measured after which the upper arm 

cuff was inflated to 200 mmHg pressure for 5 minutes to occlude arterial inflow. It was then 

released and FBF was measured for one minute. FVR were calculated by dividing mean 

arterial blood pressure by FBF. Arterial blood pressure was measured using automated 

sphygmomanometer. Mean intra-observer coefficient of variation (CV) for FBF before upper 

arm occlusion is 5.1% and 7.4% after upper arm occlusion.

Blood sampling:

After completion of the test of endothelial function, an intravenous catheter was placed in 

one arm for initial blood sampling and for the oral glucose tolerance test. Twenty-five ml of 

blood was taken from each study subject for measurement of fasting plasma glucose, insulin, 

lipids, high sensitivity c-reactive protein (CRP), interleukin-6 (IL6), plasminogen activator 

inhibitor-1 (PAI1), endothelin 1, C3, C4, C3a, C4a, and C5a levels, white blood cell and 

neutrophil counts and for genetic analyses of complement C3 and C4 using genomic DNA. 

White blood cell and neutrophil counts and IL6 and CRP levels are markers of inflammation 

which are clearly increased in individuals at increased cardiometabolic risk (15, 20). PAI1 

was used to assess clotting risk. Endothelin 1 is an endothelially-produced vasoconstrictor 

and has been shown to be a biochemical marker for endothelial dysfunction (21).

Insulin Sensitivity and Secretion:

Subjects were given 1.75 grams/kg of oral glucose (up to a maximum of 75 grams). Blood 

samples for measurement of plasma glucose and insulin levels were drawn every 30 minutes 

for 120 minutes. Insulin sensitivity (IS) was calculated using the Matsuda Index (IS = 

10,000/√ [fasting glucose x fasting insulin] x [mean glucose x mean insulin]) while insulin 

secretion (SEC) was calculated as the change in insulin divided by the change in glucose 

from 0 to 30 min (SEC = ∆I0–30/∆G0–30) (22). Disposition index (DI) was calculated by 

multiplying both these values (DI = IS x SEC) (22). Disposition index is an important 

predictor of future type 2 diabetes (23).

Laboratory assays: Complement phenotypes:

Protein levels for complement C3 and C4 from EDTA-plasma were determined by single 

radial immunodiffusion (RID) assays using commercial kits from the Binding Sites (UK). 

Complement activation peptides C3a, C4a and C5a from EDTA-plasma w ere determined by 

Enzyme Linked Immunosorbent Assays (ELISA) using OptEIA ELISA kits (cat 550499 for 

C3a, 550947 for C4a, and 557965 for C5a) from BD Bioscience, San Diego, CA, according 

to manufacturer’s protocol.
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Complement genotypes:

Genomic DNA was prepared from peripheral blood mononuclear cells and used for 

assessment of C3 genetic polymorphisms and gene copy-number variations of total C4, 

C4A, C4B, long genes and short genes. C3 genetic variants including the DNA sequence 

polymorphisms for G102R for fast and slow allotypes were determined through HhaI 
restriction fragment length polymorphism analyses of PCR amplified products (24). Copy-

number variations for total C4, C4A, C4B, long genes and short genes of C4 were elucidated 

by Southern blot analyses of genomic DNA samples digested by PmeI and resolved by 

pulsed field gel electrophoresis, and by TaqI or PshAI/PvuII and resolved by 0.8% agarose 

gel electrophoresis (25). Samples for subjects with ambiguous data were subject to real-time 

quantitative PCR using five different amplicons and the results were validated as the gene 

copy-numbers in each subject for total C4=C4A+C4B=long genes+short genes (26).

Cardiovascular measures, glucose and insulin:

Cell differentials (neutrophils, total white blood cells) from EDTA-peripheral blood were 

measured by a Sysmex Kx-21N cell counter (Sysmex, Lincolnshire, IL). Plasma lipids, 

glucose, insulin, IL6, CRP, endothelin 1, fibrinogen, plasminogen activator inhibitor antigen 

(PAI1), were measured in the Clinical Research Center CORE laboratory.

Statistical Analysis:

Robust rank order regression analysis with age and sex included in all models was used to 

assess relationships between C3 and C4 protein levels to body habitus and lipid, 

inflammatory measures, carbohydrate metabolism, and clotting factor measures. The cut-off 

point for outliers was 3 and 100 iterations were performed. Results are presented as 95% 

confidence intervals (CI). Because many of the cardiometabolic risk factors were related to 

one or more of the measures of body habitus additional modeling was done including the 

body habitus measure to which the risk factor was most closely related. Spearman 

correlation coefficients were used to determine the relationships between cardiovascular risk 

factor and body habitus measures. Mann-Whitney U was used for between comparisons 

between subjects with C3F and C3S alleles. All analyses were performed using Systat 13 

(Systat Software Inc, San Jose CA).

RESULTS

Demographics:

Thirty-four of the 75 subjects were female. Mean age was 15.0±1.7 years and mean body 

mass index (BMI) was 22.0±5.8 kg/m2 (mean±SD). Mean BMI percentile was 53.8±28.7. 

Sixty-two subjects were lean (BMI percentile<85) and 9 were considered obese (BMI 

percentile≥95).

Complement and body habitus:

EDTA plasma C3, C4, C3a, C4a, and C5a levels did not differ between sexes and were not 

significantly related to age. C3 levels positively correlated with all measures of body mass 

and adiposity (Figure 1). When both fat mass index (β=45.7; CI= 28.0–63.4) and fat free 
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mass index (β=10.0; CI: −25.1–44.8) were included in the model only the relationship to fat 

mass was significant. C4 levels were not significantly related to any measure of body 

habitus. For C3a, C4a and C5a the only significant relationship was between C4a and FFMI 

(β=9.82, CI: 1.55–18.1).

Complement and cardiometabolic risk:

C3 and C4 protein levels were significantly related to several cardiometabolic risk factors 

(Figure 2). Regarding vascular function, the percent fall in FVR following upper arm arterial 

occlusion decreased as both C3 and C4 increased. This decrease in reactive hyperemia 

indicates worsening endothelial function. AIx75 was not significantly related to either C3 or 

C4. Inflammation increased as both C3 and C4 levels increased, as indicated by significant 

relationships to white blood cell and neutrophil counts. IL-6 also increased as C4 increased. 

Triglyceride and LDL levels increased and HDL decreased as C3 levels increased. HDL also 

negatively correlated with C4 levels. Insulin secretion increased and sensitivity during 

OGTT decreased as C3 levels increased. Insulin secretion, but not sensitivity, was similarly 

related to C4 levels. Endothelin 1 and PAI1 levels were not significantly related to either C3 

or C4 levels. C3a was positively related to neutrophil count (β=0.012; CI: 0.003–0.021) and 

to IL-6 (β=0.003; CI: 0.001–0.006). C4a was negatively related to disposition index (β=

−0.015; CI: −0.028−-0.002).

Table 1 shows the Spearman correlation coefficients for relationships between 

cardiovascular risk factors and body habitus. Figure 3 shows the relationships between C3 

and C4 levels after including body habitus measures in the model. The reactive hyperemia 

response continued to be significantly related to both C3 and C4 levels with lower responses 

with increasing levels. C4 levels were again positively related to white blood cell and 

neutrophil counts, IL6 levels and insulin secretion, and negatively related to HDL. The 

neutrophil count increased with increased C3a levels (β=0.012; CI: 0.003–0.021).

Complement genetics:

Table 2 shows the subject demographics according to C3F versus C3S genotype and C4 

gene copy number. No significant age or sex differences were noted but because of the small 

number of subjects in some groups, age and sex were included in all analyses.

Subjects with at least one F allele were slightly older than those with the SS genotype 

(p=0.034). Subjects with one F allele had a higher BMI (23.0±5.4 versus 20.6±4.1 kg/m2, 

p=0.042), FMI (6.59±4.40 versus 4.64±3.0 kg/m2, p=0.031) and waist circumference 

(75.2±12.2 versus 68.9±9.00 cm, p=0.021). Waist circumference, but not BMI or FMI, was 

positively correlated to age and when adjustment was made for age the difference between 

subjects with at least one F allele and two S alleles was no longer significant (p=0.063). 

There were no significant differences in any of the cardiometabolic risk factors.

For C4, FFMI decreased as C4T (β=−0.73; CI: −1.24−-0.22) and C4L (β=−0.46; CI: 

−0.81−-0.10) copy number increased. C4S, C4A, and C4B copy number were not related to 

any measure of body habitus. C4T gene copy number was not related to any of the 

cardiovascular risk factors but relationships were found for the various C4 subtypes. 

Interestingly HDL was significantly related to all 4 subtypes and increased as C4L (β=3.59; 
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CI: 1.19–6.00) and C4A (β=4.33; CI: 1.00–7.66) copy number increased and decreased as 

C4S (β=0–4.26; CI: −7.50—1.02) and C4B (β=−5.56; CI: −10.3−-0.87) increased (Figure 

4). LDL and triglyceride levels were not associated with any of the C4 gene copy numbers. 

Increased C4L gene copy number in addition to an association with increased HDL, was 

also associated with decreased insulin secretion (β=−0.24; CI: −0.44−-0.05) and decreased 

disposition index (β=−0.61; CI: −1.14−-0.08). Increased C4S copy number was also 

associated with increased insulin secretion (β=0.29; CI: 0.06–0.52) as well as decreased 

endothelin 1 (β=−0.15; CI: −0.30−-0.01). WBC (β=−0.79; CI: −1.56−-0.02) and neutrophil 

count (β=−0.87; CI: −1.48−-0.33) both decreased with increasing C4B copy number. 

Interestingly, the measures of inflammation, IL-6 and CRP were not related to C4 copy 

number nor were AIX75 or PAI-1.

DISCUSSION

This study is unique in that we studied the relationships of complement physiology and 

genetics to a variety of cardiovascular risk factors in healthy, non-Hispanic white 

adolescents. Importantly, we studied measures of vascular function, lipids, inflammation, 

clotting, and carbohydrate metabolism. The results clearly demonstrate that C3 protein levels 

increase with increasing body mass and are most closely related to fat mass. This is in 

keeping with other studies showing increased serum C3 in men and women and elevated 

body fat percentage and children with obesity (15, 16, 27). The close relationship to fat mass 

is not surprising since adipocytes produce C3 (3). Beyond this, both C3 and C4 protein 

levels were related to several cardiovascular risk factors. Some of these relationships 

persisted after accounting for obesity.

Genetically, the C3F polymorphism was associated with increased fat mass and possibly 

waist circumference. This is an important finding since the C3F allele is associated with 

increased atherosclerosis in adults (10) and several studies have found that C3F allele 

frequency is significantly higher in patients with severe coronary heart disease who survived 

myocardial infarction (MI) versus those with no history of MI (28, 29). The increased body 

fat in adolescents with the C3F polymorphism could well predispose to future cardiovascular 

disease although we found no significant differences in any of the cardiometabolic risk 

factors measured beside those of body habitus. Potential differences may appear at later age 

due to the increased adiposity.

There is strong evidence that increased arterial stiffness and decreased endothelial function 

precede the development of overt cardiovasclar disease and are present in at risk adolescents 

(30). Complement has been shown to have pronounced effects on endothelial cells and there 

is good reason to suspect that complement may play a role in the early development of 

endothelial dysfunction (2, 5), particularly because of its association with obesity. Our 

results support this hypothesis since higher C3 and C4 protein levels were associated with 

poorer reactive hyperemic responses indicating impaired endothelial function. These 

relationships were present even when controlling for obesity indicating the mechanisms for 

the associations extend beyond increased adiposity. The reactive hyperemic reponse was not 

related to C3a, C4a, or C5a so the pathway of the relationships of C3 and C4 concentrations 

to endothelial function is not clear.
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Regarding other traditional and nontraditional cardiovascular risk factors, we found 

correlations between C3 levels and LDL and triglyceride levels and insulin sensitivity. In 

light of the previously described ability of adipose to both produce and respond to 

complement, these relationship may have mechanistic significance. We hypothesized that 

C3-induced lipolysis may be responsible for the higher triglyceride and LDL levels in 

obesity (9). Our data do not completely support this hypothesis since the relationships 

between C3 and lipid levels were lost when measure of body habitus were included in the 

model.

C4 protein level, on the other hand, was negatively related to HDL even after adjustment for 

obesity. In addition, we found significant relationships between all four C4 subtypes gene 

copy number and HDL levels supporting a direct effect of C4 on HDL levels. However, in 

contrast to previous studies where low C4L or high C4B gene copy number were associated 

with decreased longevity (9), in regards to HDL our studies would suggest decreased risk 

with increasing C4L and decreasing C4B gene copy number. These associations have 

additional significance since HDL has been found to temper immune responses (31). The 

negative association with FFMI to C4L on the other hand may help explain the association 

to longevity as FFMI has been related to health maintenance in adolescents (32).

Carbohydrate and lipid metabolism are highly interactive. Thus, it would be suspected that 

since complement levels play a significant role in predicting lipid levels they might also 

predict insulin sensitivity. In a study of Pima Indians, fasting C3 concentration was related to 

adiposity, impaired glucose tolerance, and fasting insulin levels (33). The CODAM study in 

adults found that plasma C3 levels were independently associated with estimated insulin 

resistance in muscle, liver, and adipocytes, as well as with glucose tolerance (34). Borne et 

al (35) found that plasma C3 levels predicted future diabetes in northern European adults. 

Our data extend these findings to non-Hispanic white adolescents since we found a negative 

relationship between C3 protein level and insulin sensitivity and a positive relationship to 

insulin secretion in the group as a whole. However, these relationships were lost when 

measures of body habitus were included in the model indicating an indirect relationship 

between C3 and insulin sensitivity mediated by obesity. Interestingly, increased C4L gene 

copy number was associated with decreased disposition index which suggests an increased 

future risk of glucose intolerance and possible type 2 diabetes.

Recent studies from our laboratory have revealed that in patients with lupus inflammation is 

more closely linked to C4 than C3 levels (11, 12). The current study extends this finding to 

healthy adolescents. Specifically, higher white blood cell count, neutrophil count, and IL6 

levels were all associated with elevated C4 protein levels and this remained true after 

inclusion of body habitus in the model while C3 protein levels correlated with white blood 

cell count and neutrophil count before, but not after inclusion of body habitus. These 

relationships are important because atherosclerosis is a chronic inflammatory condition (36). 

In healthy adults, CRP levels predict future cardiovascular disease and are linked to 

endothelial dysfunction (37, 38). Our results suggest that increased C4 protein levels may 

have an important role in the development of chronic inflammation in adolescents. Some 

additional support may be gained for this by the association of lower white blood cell counts 

and neutrophil counts to increasing C4B gene copy number. This time the relationship is 
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consistent with the previously reported relationship between low C4B copy number and 

decreased longevity (9).

Two major limitations to this study are first that we studied only non-Hispanic white 

adolescents and second that we assessed complement and cardiovascular risk factors at a 

single time point. The racial differences are particularly important since racial differences in 

traditional and nontraditional risk factors have been demonstrated (19) and there are clear 

racial differences in complement genetics (39, 40). Future studies are needed of different 

races and ethnic groups to determine whether our observations on complement and obesity 

and cardiovascular risk factors apply to all populations. The cross-sectional correlations 

between C3 and C4 levels and cardiometabolic risk factors that we found do not demonstrate 

causation and longitudinal studies are needed to determine whether complement levels 

and/or genetics predict changes in cardiometabolic risk over time in adolescents. A third 

limitation is that the small subject number may cause us to miss subtle relationships in what 

are likely complex interactions between complement and cardiometabolic risk. In addition, 

because of the small number we did not correct for multiple correlations although studied 

relationships were planned in advance. Lastly, we did not study physical fitness or lifestyle 

factors that may confound these relationships.

In conclusion, the results of this study demonstrate important relationships between the 

complement system and early cardiometabolic risk in non-Hispanic white adolescents. 

Although C3 was more closely related to obesity, C4 was more closely related to 

inflammation and cardiometabolic risk factors. This was true both in regards to serum levels 

and in regard to genetics, particularly, in regard to the consistent relationships between C4 
gene copy number and HDL. The fact that both higher C3 and C4 protein levels were both 

associated with poorer endothelial function independent of obesity suggests that 

complement may play an important role in the early development of cardiovascular disease.
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Figure 1: 
Relationships of C3 and C4 levels to measures of body habitus. Significant relationships 

were present for C3 [right, BMI: β=36.1; CI: 23.8–48.4; BMI%: β=5.36; CI: 3.2–7.48; 

Waist circumference: β=15.4; CI: 9.4–21.4; Body Fat %: β=17.3; CI: 10.7–23.9; FMI: 

β=46.5; CI: 29.2–63.7; FFMI β=60.2; CI: 18.0–102] but not C4 (left).
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Figure 2: 
Beta coefficients (mean circle, 95% confidence intervals x) for relationships of 

cardiometabolic risk factors to C3 (left) and C4 (right) levels. Model included age and sex. 

*p<0.05.
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Figure 3: 
Beta coefficients (mean circle, 95% confidence intervals x) for relationships of 

cardiometabolic risk factors to C3 (left) and C4 (right) levels. Model included age sex and 

body habitus. *p<0.05
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Figure 4: 
Relationship of HDL to C4 type copy number. C4L: β=3.59; CI: 1.19–6.00; C4S: β=−4.26; 

CI: −7.50−-1.02; C4A: β=4.33; CI: 1.00–7.66; C4B β=−5.56; CI: −10.3--0.87.
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Table 1:

Spearman correlation coefficients for relationship of cardiovascular risk factors to measures of body habitus. 

Measure with highest (or lowest value if negative) was used in subsequent modeling adjusting relationship of 

complement levels to cardiovascular risk factors.

BMI BMI % Waist circumference % Body fat FMI FFMI

Reactive hyperemia 0.27 0.33 0.24 0.37 0.34 0.07

AIX75 −0.06 0.01 −0.09 0.13 0.14 −0.15

White blood cell count 0.16 0.14 0.12 0.22 0.21 0.10

Neutrophil count 0.25 0.24 0.18 0.26 0.27 0.16

IL-6 0.25 0.20 0.28 0.16 0.16 0.25

hs CRP 0.52 0.52 0.48 0.27 0.35 0.44

LDL 0.16 0.20 0.10 0.31 0.29 −0.08

HDL −0.46 −0.41 −0.49 −0.14 −0.21 −0.49

Triglycerides 0.27 0.27 0.27 0.34 0.31 0.13

Insulin sensitivity −0.31 −0.42 −0.22 −0.61 −0.62 0.01

Insulin secretion 0.37 0.37 0.26 0.54 0.54 0.08

Disposition index 0.09 0.00 0.05 0.05 0.04 0.02

Endothelin 1 −0.03 0.00 −0.04 0.06 0.03 −0.09

Plasminogen activator inhibitor 1 0.22 0.13 0.16 0.29 0.29 0.03
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