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Abstract

Objectives—Aims of the study were 1) to investigate the association of C-reactive protein
(CRP) with lipid (i.e. total, LDL, and HDL cholesterol, triglycerides) concentrations, and to
evaluate their predictive value for mortality in very old subjects.

Design—Cross-sectional and longitudinal analyses in a prospective cohort study.

Setting - Participants—Data are from 336 community-dwelling subjects aged =80 years old
enrolled in the “Invecchiamento e Longevita' nel Sirente” (ilSIRENTE) study.

Measurements—High sensitivity CRP and lipid concentrations were measured at the baseline
clinical visit. High sensitivity CRP concentrations were measured by ELISA assessment. Mortality
outcome was evaluated over a 24-month follow-up.

Results—Participants had a mean age of 85.8 (SD 4.8) years old. Spearman's correlations
showed significant (p values <0.01) inverse correlations between CRP and lipid parameters
(except triglycerides). Adjusted linear regressions between CRP and lipid parameters
concentrations showed no significant association in participants aged lower than 85 years old (all
p values >0.5). In the older age group, significant inverse associations of CRP with total
(p=0.002), LDL (p=0.007), and HDL cholesterol (p=0.002) were found, even after adjustment for
potential confounders. Adjusted Cox proportional hazard models demonstrated that CRP was the
only biomarker significantly predictive of mortality, independently of age and lipid parameters.

Conclusion—An inverse relationship of total, LDL, and HDL cholesterol with CRP is present in
very old persons. The prognostic value of CRP is particularly important among very old persons
whereas lipid parameters tend to lose their capacity to predict events.
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INTRODUCTION

The aging process is characterized by an increase in the concentration of several
inflammatory biomarkers and a progressive decrease in lipid concentrations(1). C-reactive
protein (CRP), like many other inflammatory parameters, increases in concentration with
age(2). Systemic inflammation characterized by elevated CRP concentrations is associated
with incident cardiovascular disease(3), functional decline(4;5), physical disability(6), and
mortality(4;5) in older persons. The age-related increase of inflammatory markers may also
account for several pathological modifications typical of the aging process, including body
composition modifications(7) and sarcopenia(8).

Several studies have demonstrated a progressive reduction of cholesterol concentrations in
subjects aged =65 years of age. For example, in the Honolulu Heart Study, Abbott and
colleagues(9) reported a longitudinal reduction in total cholesterol levels over a 20-year
follow-up, even after taking into account several clinical conditions and risk factors
potentially explaining this phenomenom. Authors concluded suggesting that the
demonstrated reduction may be part of the normal aging process.

It has been demonstrated that inflammation (through the acute-phase response) is able to
alter lipid and lipoprotein metabolism, promoting their pro-atherogenic properties(10). This
phenomenon is due to the concurrent reduction of synthesis and/or increase of catabolism of
these lipoproteins. However, the contribution of inflammation on changes in lipid/
lipoprotein concentrations in the population is largely unknown, especially in older persons.

Systemic inflammation and plasma lipid parameters (i.e. total, low-density lipoprotein
[LDL], and high-density lipoprotein [HDL] cholesterol, and triglycerides) are both
associated with cardiovascular risk and mortality. Interestingly, a large body of evidence
indicates a generally weaker association of traditional risk factors, including lipid profile,
with negative health-related events in the elderly compared to middle-aged
populations(11;12).

We hypothesized that inflammation and lipid parameters may be associated in very old
subjects, but age may potentially play an important role in modifying this relationship in its
strength and direction. Therefore, in the present study, we investigated the association of
high sensitivity CRP, the most commonly used marker of inflammation in clinical as well as
research settings, with lipid (i.e. total, LDL, and HDL cholesterol, triglycerides)
concentrations in a sample of community-dwelling subjects aged 80 years and older,
enrolled in the “Invecchiamento e Longevita nel Sirente” (Aging and Longevity in the
Sirente geographic area, iISIRENTE) study(13). Moreover, to provide a clinically useful
meaning to the studied relationships, we tested whether CRP concentration was predictive of
mortality, independently of the lipid profile.
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Data are from the iISIRENTE, a prospective cohort study performed in community-dwelling
older persons living in the Sirente geographic area (L'Aquila, Italy). Details of the design
and methods of iISIRENTE have been described elsewhere(13). Briefly, potential study
participants were identified by selecting from the Registry Offices every person born before
15t January 1924 and still living in the municipalities involved in the study at the end of
October 2003. A total of 364 participants were enrolled in the study. Clinical interview and
functional assessment were performed at the study clinics located in each town. Home visit
was performed if participant was unable to reach the study clinic. Information was obtained
from the participant or, if he/she was incapable, from a proxy. The Catholic University of
Sacred Heart (Rome, Italy) Ethical Committee approved the study protocol. All the
participants signed an informed consent at the baseline visit.

The present analyses were conducted after exclusion of 28 participants with CRP
concentrations higher than 10 mg/L. This cut-point has been indicated as suggestive of the
presence of acute inflammatory state(14).

The Minimum Data Set for Home Care (MDS-HC)

Mortality

The Minimum Data Set for Home Care (MDS-HC) instrument(15) was administered to all
study participants. The MDS-HC contains a variety of different, multi-item summary scales,
exploring socio-demographics, clinical diagnoses, and physical function status. Besides, the
MDS-HC includes information about an extensive array of signs, symptoms, syndromes,
and treatments. The MDS items have shown an excellent inter-rater and test-retest reliability
when completed by nurses performing usual assessment duties(16;17). A questionnaire
exploring family history, lifestyle, nutrition, physical activity, and other behavioral factors
shared with the “Invecchiare in Chianti” (Aging in the Chianti geographic area,
INCHIANTI) study(18) was additionally administered.

Vital status of all the study participants was ascertained from the general practitioners, and
confirmed by the National Death Registry until 24 months after the baseline visit. The
follow-up time considered for the present analyses was calculated as the time from the date
of baseline visit to the date of death (for participants who died during the follow-up), and
censored to 24 months for participants who did not die during the study follow-up.

C-reactive protein

Phlebotomy was performed by a trained phlebotomist following a standardized protocol at
the baseline visit. As previously described(13), blood samples were immediately centrifuged
at 4°C and stored at —80°C until final analysis. CRP concentrations were determined by a
high sensitivity Enzyme-Linked ImmunoSorbent Assay (ELISA) kit (Bender MedSystems,
Vienna, Austria). The CRP assay had a sensitivity of 3 pg/mL. The intra-assay coefficient of
variation was 6.9%.
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Lipid parameters

Covariates

Total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides concentrations were
considered in the present analyses to evaluate their relationships with C-reactive protein
levels. Standard determinations of total cholesterol, HDL cholesterol, LDL cholesterol, and
triglycerides were performed by commercialy available kits suitable for use on Olympus
2700 instrumentation (Olympus, Milano, Italy).

Covariates considered in the present analyses include: sociodemographic characteristics
(age, gender, and smoking habit), body mass index (BMI), physical activity level,
comorbidity, medications, and albumin levels. All the variables included in the models as
potential confounders of the studied relationships have shown to be able to affect the
inflammatory markers and/or lipid parameters concentrations. BMI was defined as weight
(in kilograms) divided by the square of height (in meters). Physical activity was assessed by
asking the participant to provide data on past and current activities involving energy
expenditure, including recreational and work-related ones. For the present analyses, we
considered as physically active those participants reporting at least light intensity activities
(e.g. walking, dancing, fishing...) performed for no less than 2—4 hours per week during the
last year. The following clinical diagnoses were assessed by a study physician on the basis
of self- (or proxy-) reported history and clinical records review and considered in the
adjusted analyses: coronary heart disease, congestive heart failure, cerebrovascular disease,
diabetes, hypertension, peripheral artery disease, cancer. Primary care physicians collected
information on up to 18 different drugs taken by each patient in the 7 days preceding the
assessment. Drugs were coded using the Anatomical Therapeutic and Chemical (ATC)
codes(19). For the present analyses, we considered non-steroidal anti-inflammatory drugs
(including low-dosage aspirin), and statins. Serum albumin concentration, a malnutrition
marker, was determined by using commercialy available kits suitable for use on Olympus
2700 instrumentation (Olympus, Milano, Italy).

Statistical analysis

Means (and standard deviations, SD), proportions (in percentage) were calculated to
describe the main characteristics of the study sample. Medians (and interquartile ranges
[IQRY]) were reported for non-normally distributed variables. Spearman's correlations among
CRP and lipid parameters were performed. Given the non-normal distribution of CRP and
triglycerides concentrations, these markers were log transformed to make them normally
distributed. Interactions of age and gender in the relationships of lipid parameters with CRP
levels were tested by including the specific interaction term into the adjusted linear
regression models. Unadjusted and adjusted linear regression models were performed to
calculate the regression coefficients (and 95% confidence intervals, 95%ClI) of the
relationships between CRP (dependent variable) and lipid parameters levels (independent
variable). Collinearity statistics (i.e. tolerance, Variance Inflation Factor, condition indices,
and correlation matrix of regression coefficients) were tested for all the models as
appropriate to exclude the risk of multicollinearities among the independent variables. To
permit direct comparisons of lipid parameters concentrations, all the results are shown per
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SD increase of the biomarker. Adjusted analyses of covariance were performed to estimate
(geometrically transformed) means of CRP concentrations (dependent variable) for
categorical concentrations of lipid parameters. Cox proportional hazard analyses were
performed to evaluate the predictive value of CRP and lipid parameters concentrations for
mortality. A p value <0.05 was chosen for statistical significance for all the present analyses.
All the analyses were performed using SPSS software (version 13.0, SPSS Inc., Chicago,
IL).

Main characteristics of the study sample (n=336) are shown in Table 1. Participants had a
mean age of 85.8 (SD 4.8) years old, and were predominantely women (66.7%). Very few
participants were current smokers (2.4%), and the majority of the sample (60.4%) was
involved in regular physically activity. Among the clinical conditions, hypertension
(73.2%), diabetes (30.1%), and coronary heart disease (11.9%) were the most prevalent. The
sample population was also characterized by a slightly overweight mean body size (BMI
25.7 kg/m?), the relatively low use of medications, and good concentrations of albumin and
lipid parameters. A median CRP concentration of 2.9 mg/L was found in the overall sample
population.

In Table 2 are shown the results from Spearman's correlation analyses performed among C-
reactive protein and lipid parameters concentrations. A strong correlation (r=0.838, p value
<0.001) was found between total cholesterol and LDL cholesterol levels. Furthermore, a
negative correlation was found between HDL cholesterol and triglycerides levels (r=-0.228,
p value <0.001). Significant (p values <0.01) inverse correlations were found between CRP
and lipid parameters (except of triglycerides).

No interaction for gender between CRP and lipid parameters was found. Since possible
interactions (p values for interaction terms <0.1) were found between CRP and total and
HDL cholesterol for age, all the further analyses were stratified according to age groups (age
80-84.9 years old, n=188 [56.0%]; age =85 years old, n=148 [44%]). Participants aged =85
years had lower levels of total cholesterol (193.0 [SD 43.8] mg/dL vs. 201.8 [SD 45.2]
mg/dL; p value=0.08), and HDL cholesterol (43.3 [SD 10.3] mg/dL vs. 48.4 [15.2] mg/dL; p
value=0.001), and higher CRP levels (3.1 [IQR 1.7-6.0] mg/L vs. 2.5 [IQR 1.2-4.3] mg/L; p
value=0.009) compared to participants younger than 85 years old. No significant differences
were found for LDL cholesterol and triglycerides according to age groups.

Results from adjusted linear regression models between CRP and lipid parameters
concentrations are presented in Table 3. No significant association was found between CRP
and lipid parameters in participants aged lower than 85 years old (all p values >0.5). In the
older age group (participants aged =85 years old), significant inverse associations of CRP
with total (3=-0.244; 95%Cl -0.394, —0.093; p=0.002), LDL (p=-0.203; 95%CI —0.349,
-0.057; p=0.007), and HDL cholesterol (=-0.331; 95%CI —0.534, —0.129; p=0.002) were
found, even after adjustment for all the potential confounders.
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In Figure 1, results from adjusted ANCOVAs are shown. Participants aged =85 years old
with low total cholesterol levels (<200 mg/dL) had significantly higher levels of CRP than
1) younger participants (independently of total cholesterol levels), and 2) participants in the
same age group with higher total cholesterol levels. Similar findings were also reported for
LDL and HDL cholesterol levels. In fact, for lower LDL and HDL cholesterol levels in
participants aged =85 years old, CRP concentrations were higher. No significant results
were found for the association between triglycerides and CRP levels, except for a significant
difference of inflammatory marker concentration in participants with low triglycerides
levels.

Finally, we longitudinally investigated the clinical meaning of the found inverse relationship
between CRP and lipid parameters concentrations. Cox proportional hazard models in which
CRP concentration was simultaneously included with each single lipid parameter were
performed to evaluate the predictive value for mortality (mean follow-up 1.8 [SD 0.5] years;
Table 4). Overall, higher values of CRP were associated with a higher risk of death,
especially among older participants, independently of total cholesterol, HDL cholesterol,
LDL cholesterol, or triglycerides. On the other hand, higher lipid parameters concentrations
tended to be protective for mortality. In particular, total cholesterol reached a statistical
significance (p=0.02), independently of CRP levels. Non statistically significant results were
reported for HDL cholesterol (p=0.12), LDL cholesterol (p=0.07), and triglycerides
(p=0.23). When all the studied biomarkers were simultaneously included in an exploratory
adjusted Cox proportional hazard model predicting mortality, CRP was still the only
biomarker showing a statistical significance in the overall sample (HR 2.92, 95%CI 1.29-
6.61). No statistical significance was reported for lipid parameters. No significant interaction
of CRP and lipid parameters concentrations for mortality was reported in both age groups.

DISCUSSION

To our knowledge, this is the first study exploring the relationship of lipid parameters (i.e.
total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides) with CRP in a sample
of community-dwelling very old individuals. Significant differences in the association of
CRP with total, HDL and LDL cholesterol levels according to age were found. In fact, in
persons aged =85 years old, significant inverse relationships were found between levels of
CRP and lipid parameters. In our longitudinal analyses, CRP represented the strongest
predictor of mortality among the studied biomarkers.

Zuliani and colleagues recently demonstrated an inverse relationship of interleukin-6 with
HDL cholesterol levels in the INCHIANTI study(20). Authors also showed that age is
strongly and inversely correlated with cholesterol levels. Investigators from the Rancho
Bernardo Study(21) reported the inverse association of cholesterol and age to be
independent of (sub)clinical diseases, body weight change, and medications. VVolpato and
colleagues(22), confirming the inverse association between age and total cholesterol levels,
argued that the age-dependent reduction of total cholesterol levels may simply mirror the
effect of a poorer health status with aging. However, as also recognized by the Authors, their
analyses were conducted in a sample of hospitalized older persons, in which 1) the weight of
clinical conditions might be higher in affecting the studied relationship, 2) acute
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inflammatory conditions are more likely to be present, and 3) the average mean of
cholesterol levels was very low. In all these studies, the sample populations were younger
than ours.

Consistently with our findings, it has been demonstrated that persons aged 90 years and
older present significant lower levels of total, HDL, and LDL cholesterol for higher levels of
interleukin-6. By comparing a sample of nonagenarians with a middle-aged control
population, it was shown that the relationship between interleukin-6 levels with
concentrations of CRP and cholesterol differs according to age. Similarly, a further study
showed that older persons presenting biohumoral signs of acute phase inflammation tend to
have lower levels of total, HDL, and LDL cholesterol(23).

The relationship between inflammation and lipid parameters is very complex, especially at
old age when additional pathophysiological pathways are hyperactivated and interact with
this association. HDLs have shown anti-inflammatory, anti-oxidant, and pro-fibrinolytic
properties. HDLs also play an important protective role by removing cholesterol from
atheroma and transporting it back to the liver for excretion or re-utilization(24). At the same
time, there are circumstances in which HDL may not be protective, but paradoxically
promote vascular inflammation and oxidation of LDL. In particular, the pro-inflammatory
action of HDL is manifested in conditions associated with chronic systemic
inflammation(25;26), as it is the very old age(27;28). The strong relationship we found
between CRP and lipid parameters among the oldest participants might be explained by the
increasing levels of systemic inflammation associated with advancing age. The exponential
increase of systemic inflammation at very advanced age (due to the increasing number of
clinical and subclinical conditions) may particularly influence the lipid parameters
concentrations. It is possible that relatively younger participants may have not yet reached
the hypothetical threshold (in terms of burden of diseases and/or time exposure to
inflammatory stimuli) activating and self-feeding the vicious cycle among lipid parameters
and inflammation (possibly and partly mediated by clinical events).

The demonstrated inverse relationship between lipid parameters and CRP may, at least
partly, explain some unclear clinical manifestations occurring in older age. Several studies
have reported the presence of a J- or U-shaped association between total cholesterol levels
and mortality. The Framingham Study demonstrated that up to 60 years of age there is a
positive relationship between total cholesterol and total mortality. Nevertheless, this
relationship becomes negative, and after the seventh decade of life, subjects with the highest
total cholesterol levels present the highest survival(29). The weaker association between
lipid parameters and mortality has shown to be independent of selective survival, disease
prevalence, weight change, lifestyle habits, or medication use(9;21;30). The third factor
potentially explaining this clue might be the inflammation. This hypothesis may potentially
explain the unexpected higher mortality rate found in high-functioning older persons with
low cholesterol levels(31).

In the present study, we demonstrated that the predictive value for mortality of CRP tends to
increase with aging, independently of lipid parameters. On the other hand, these latters tend
to remain stable in the strength of their prognostic value (which is modestly significant), and

J Nutr Health Aging. Author manuscript; available in PMC 2015 April 06.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cesari et al. Page 8

lend support to the existing controversy about the role played by lipid parameters as risk
factors for health-related events in advanced age(32;33). The age-related weakening of
traditional risk factors requires the adoption of alternative measures to identify very old
subjects at increased risk of health-related events. Our findings may encorauge the CRP
assessment to estimate the risk of negative outcomes in very old persons. Interestingly,
inflammation is a major biological pathway for the aging process(34), and the basis for
several age-related clinical and subclinical conditions (e.g. atherosclerosis(35),
sarcopenia(7), physical disability(6)). In this context, the assessment of a well-established
marker of inflammation (as CRP is) might provide useful information in the evaluation of
overall health status of very old persons.

The age difference we found in the relationship between CRP and lipid concentrations might
be found surprising since our study population enrolls only subjects aged 80 years and older.
However, the two age groups we analyzed (younger than 85 years vs. 85 years and older)
had a mean age difference of almost a decade (82.2 [SD 1.4] vs 90.3 [SD 3.6] years). A type
| statistical error is unlikely given the consistency of the results throughout all the explored
parameters. Energy intake and dietary composition are major determinants of total
cholesterol levels. Although dietary records are not available in the ilSirente database, BMI
and serum albumin, two markers of nutritional status, were considered in our analyses. Since
the complexity of the studied biological mechanisms, the evaluation of a single
inflammatory biomarker (i.e. CRP) may not be sufficient to extend our results to the entire
inflammatory pathway. Finally, it is possible (as always with studies on aging) that subjects
with worse inflammatory and lipid profiles might have prematurely died, leaving only
individuals at lower risk of events.

In conclusion, our findings confirm the existence of an inverse relationship of total, LDL,
and HDL cholesterol with CRP at very old age. Differently from lipid parameters, CRP
concentrations are strongly predictive of mortality at advanced age. Our results might
encourage the assessment of CRP for estimating the risk of negative outcomes in very old
persons. However, further studies are needed to 1) extend our findings to different settings
and biomarkers of inflammation, and 2) evaluate whether specific interventions (e.g. aspirin,
statins, physical exercise) may provide clinical benefits through modifications of lipid
and/or inflammatory profiles even at very old age.
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Figure 1.
Adjusted (geometric) means of C-reactive protein levels for lipid profile measures according

to age. Analyses are adjusted for gender, body mass index, current smoking, physical
activity level, coronary heart disease, congestive heart failure, cerebrovascular disease,
diabetes, hypertension, peripheral artery disease, cancer, non-steroidal antiinflammatory
drugs, statins, albumin.

Panel A: * p<0.05 when compared to participants aged =85 years and with total cholesterol
<200 mg/dL

Panel B: * p<0.05 when compared to participants aged =85 years and with LDL cholesterol
<100 mg/dL; t p<0.05 when compared to participants aged <85 years and with LDL
cholesterol =190 mg/dL

Panel C: * p<0.05 when compared to participants aged =85 years and with HDL cholesterol
<40 mg/dL

Panel D: * p<0.05 when compared to participants aged =85 years and with triglycerides
<150 mg/dL
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Table 1

Main characteristics of the sample population.

Mean £ SD, or % N=336

Age (years) 85.8+4.8
Gender (Women) 66.7
Current smoking 2.4
Body Mass Index (kg/m?) 25.7+45
Physical activity 60.4
Coronary heart disease 119
Congestive heart failure 5.7
Cerebrovascular disease 42
Diabetes 30.1
Hypertension 73.2
Peripheral artery disease 2.7
Cancer 4.2
Albumin (g/dL) 42+03
Non-steroidal antiinflammatory drugs 12.2
Statins 6.0
Total cholesterol (mg/dL) 197.9+44.7
LDL cholesterol (mg/dL) 130.8 +38.8
HDL cholesterol (mg/dL) 46.2 £135

Triglycerides (mg/dL)*

C reactive protein (mg/L)*

137.5 (99.3-178.8)

2.9 (1.4-5.3)

SD: standard deviation

*
Expressed as median (interquartile range)
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Table 2

Spearman's correlations between C-reactive protein and lipid profile (n=336).

C-reactive protein  Total cholesterol LDL cholesterol HDL cholesterol

C-reactive protein -

Total cholesterol -0.169 p=0.002 -

LDL cholesterol -0.151 p=0.006 0.838 p<0.001 -

HDL cholesterol -0.199 p<.001 0.486 p<0.001 0.274 p<.001 -
Triglycerides -0.032 p=0.56 0.360 p<0.001 0.341 p<.001 -0.228 p<0.001

J Nutr Health Aging. Author manuscript; available in PMC 2015 April 06.

Page 13



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Cesari et al.

Table 3

Page 14

Linear regression models (regression coefficient, 95% condifence interval) between C-reactive protein (log

value, dependent variable) and lipid profile measures (indipendent variables, per SD increase).

Age < 85 years old n=188

Age = 85 years old n=148

Model 1 Model 2 Model 1 Model 2

B(95%Cl) p B(95%CI) p B(95%CI) p B(95%CI) p
Total cholesterol ~ 0.013 (-0.119, 0.145)  0.84 -0.010 (-0.155,0.135) 0.89 -0.241 (-0.382,-0.099) ~ 0.001  -0.244 (~0.394, —0.093)  0.002
LDL cholesterol ~ -0.002 (-0.136,0.132) 0.98 -0.016 (-0.162,0.131) 0.07 -0.185(-0.323,-0.047)  0.009  —0.203 (-0.349, -0.057)  0.007
HDL cholesterol ~ 0.045 (-0.072,0.163)  0.45  0.064 (-0.061,0.189) 0.32 -0.381(-0.561, -0.201) <0.001 -0.331(-0.534,-0.129) 0.002
Triglycerides -0.033 (-0.162,0.096) 0.62 -0.058 (-0.201,0.086) 043  0.008 (-0.136,0.152)  0.91  -0.006 (-0.160,0.148)  0.94

Model 1 adjustment: gender

Model 2 adjustment: gender, body mass index, current smoking, physical activity level, coronary heart disease, congestive heart failure,
cerebrovascular disease, diabetes, hypertension, peripheral artery disease, cancer, non-steroidal antiinflammatory drugs, statins, albumin

SD: standard deviation.

Lipid profile SDs: total cholesterol 44.74 mg/dL; LDL cholesterol 38.77 mg/dL; HDL cholesterol 13.46 mg/dL; triglycerides (log value of mg/dL)

0.42.
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Table 4

Page 15

Cox proportional hazard models (hazard ratio, 95% condifence interval)* between C-reactive protein and lipid
profile measures for the prediction of mortality during the follow-up.

Overall sample n=336

Age < 85 years old n=188  Age = 85 years old n=148

HR (95%Cl)

p

HR (95%Cl)

p

HR (95%Cl)

p

C-reactive protein
Total cholesterol
C-reactive protein
HDL cholesterol
C-reactive protein
LDL cholesterol
C-reactive protein

Triglycerides

2.97 (1.31-6.72)
0.72 (0.55-0.94)
3.18 (1.38-7.30)
0.78 (0.56-1.07)
3.06 (1.35-6.95)
0.78 (0.60-1.02)
3.21 (1.41-7.34)
0.85 (0.66-1.10)

0.009
0.02
0.007
0.12
0.008
0.07
0.006
0.23

3.22 (0.80-12.91)
0.62 (0.38-0.99)
3.31 (0.79-13.90)
0.76 (0.46-1.26)
3.14 (0.77-12.75)
0.77 (0.46-1.28)
2.95 (0.70-12.42)
0.62 (0.37-1.02)

0.10
0.05
0.10
0.29
0.11
0.31
0.14
0.06

3.24 (1.02-10.29)
0.72 (0.50-1.04)
3.69 (1.12-12.11)
0.80 (0.50-1.28)
3.42 (1.08-10.92)
0.74 (0.53-1.04)
413 (1.34-12.72)
0.84 (0.60-1.18)

0.04
0.09
0.03
0.36
0.04
0.09
0.01
0.31

Biomarker concentrations are expressed per standard deviation (SD) increase.

SDs: total cholesterol 44.74 mg/dL; LDL cholesterol 38.77 mg/dL; HDL cholesterol 13.46 mg/dL; triglycerides (log value of mg/dL) 0.42; C-

reactive protein (log value of mg/L) 2.63.

C-reactive protein and each lipid profile measures are simultaneously included in separate models.

*
Adjusted for gender, body mass index, current smoking, physical activity level, coronary heart disease, congestive heart failure, cerebrovascular

disease, diabetes, hypertension, peripheral artery disease, cancer, non-steroidal antiinflammatory drugs, statins, albumin.
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