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Abstract

Objective—Levels of acute phase reactants are impacted by age. To what extent cardiovascular
risk associated with aging is due to an increase in the inflammatory burden is not known. We
assessed the relationship with age of inflammatory markers, representing a) systemic (C-reactive
protein [CRP], fibrinogen and serum amyloid-A [SAA]) and b) vascular (lipoprotein-associated
phospholipase A, [Lp-PLA,] and pentraxin-3 [PTX-3]) inflammation.

Methods and Results—We determined Lp-PLA, mass and activity, CRP, fibrinogen, SAA,
and PTX-3 levels and other CVD risk factors in 336 Caucasians and 224 African Americans.
Levels of systemic inflammatory markers increased significantly with age in both ethnic groups
(P<0.05 for all), while trend patterns of vascular inflammatory markers did not change
significantly with age for either group. In multivariate regression models adjusting for
confounding variables, age remained independently associated with a composite z-score for
systemic, but not vascular inflammation ($=0.250, P<0.001 and ($=0.276, P<0.001, for
Caucasians and African Americans respectively).

Conclusions—We report an increase in the systemic, but not vascular, inflammatory burden
over age. Levels of both categories of inflammatory markers over age were similar across
ethnicity after adjustment for confounders. Our results underscore the importance of age in
evaluating inflammatory markers to assess cardiovascular risk.
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Over the past decade there has been a growing appreciation that inflammation plays a
critical role at every stage of the atherosclerotic process from lesion initiation to the rupture
of atherosclerotic plague 1. In support of this concept, many prospective studies demonstrate
a positive association between risk for cardiovascular disease (CVD) and plasma levels of
C-reactive protein (CRP) 2 3 or fibrinogen 4 °. More recently, other markers such as
lipoprotein-associated phospholipase A, (Lp-PLAy) were considered informative with
regard to vascular inflammation and have shown to be associated with CVD 6-8, Notably,
the weak correlation between Lp-PLA, and CRP suggests that these inflammatory markers
may reflect differences in underlying mechanisms °. Further, ethnic differences in levels of
circulating inflammatory markers have been reported, potentially related to demographic or
lifestyle factors 10,

Although traditional cardiovascular risk factors are useful for predicting cardiovascular
events in younger populations, their predictive value decreases with age 1. Therefore, one
could speculate that presence of a low-grade inflammation may play a more substantial role
in the pathogenesis of CVD in older compared to younger adults. However, information
about the distribution pattern of inflammatory markers over the age spectrum is limited, and
previous studies have yielded conflicting results. Thus, studies among healthy subjects failed
to detect any significant difference in the production of interleukin-1 (IL-1) and IL-6
between young, middle-aged, and older participants 12. Other studies among healthy
volunteers found an increase in circulating levels of IL-6, CRP, serum amyloid-A (SAA)
and other inflammatory markers with age 3 14, Further, as we have demonstrated
previously, compared to Caucasians, African Americans had higher levels of systemic
inflammatory markers, but lower levels of vascular inflammatory markers 1°. To address the
question to what extent inflammatory markers are affected by aging, we investigated two
sets of inflammatory markers, one set representing general, systemic inflammation (CRP,
fibrinogen and SAA) and another set representing vascular inflammation (Lp-PLA, mass,
activity and pentraxin-3 [PTX-3]) across the age spectrum in African Americans and
Caucasians. Specifically, we hypothesized that the presence of heterogeneity in the
relationship of systemic and vascular inflammatory markers with age will aid our
understanding of their predictive ability in the assessment of cardiovascular risk.

MATERIALS AND METHODS

Subjects

Subjects were recruited from a patient population scheduled for diagnostic coronary
arteriography either at Harlem Hospital Center in New York City or at the Mary Imogene
Bassett Hospital in Cooperstown, NY. The study design including exclusion and inclusion
criteria has been described previously 16: 17, Briefly, a total of 648 patients, self-identified as
Caucasians (n=344), African American (n=232) or Other (n=72) were enrolled. Exclusion
criteria for this study included the use of lipid-lowering drugs, as well as hormone
replacement therapies. The present report is based on findings in 560 subjects (336
Caucasians, 224 African Americans); 16 subjects were excluded due to incomplete data. The
study was approved by the Institutional Review Boards at Harlem Hospital, the Mary
Imogene Bassett Hospital, Columbia University College of Physicians and Surgeons, and
University of California Davis, and informed consent was obtained from all subjects.

Clinical and Biochemical Assessment

Blood pressure was measured with a random-zero mercury sphygmomanometer. Waist
circumference was calculated as the average of 2 measurements taken after inspiration and
expiration at the midpoint between the lowest rib and iliac crest. Participants were asked to
fast for 12 hours, and blood samples were drawn approximately 2 to 4 hours before the
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catheterization procedure. Serum and plasma samples were separated and stored at —80°C
prior to analysis. Concentrations of total and HDL cholesterol and glucose (Roche,
Sommerville, NJ) were determined using standard enzymatic procedures 18: 19, HDL
cholesterol levels were measured after precipitation of apoB-containing lipoproteins with
dextran sulfate 20. The LDL cholesterol levels were calculated with the formula of
Friedewald et al 21, High-sensitivity CRP levels were measured using an enzyme-linked
immunoabsorbent assay, standardized according to the World Health Organization First
International Reference Standard 22 23; CV 8.9%. Fibrinogen levels were measured by the
clot-rate method of Clauss 24; CV 3.0%. Insulin levels were assessed using a Coat-A-Count
RIA kit (DPC Diagnostic Products Co, Los Angeles, CA). Homeostasis model assessment —
insulin resistance (HOMA-IR) was calculated using the updated model available from the
Oxford Centre for Endocrinology and Diabetes 2°. PTX-3 was measured by PTX-3 (human)
Detection Set from Alexis Biochemicals (Axxora, LLC); CV 10.2%. Plasma SAA
concentrations were measured by enzyme-linked immunosorbent assay (ELISA) using a
commercially available kit (Invitrogen, Inc., Carlsbad, CA) 1°; CV 5.4-10.3%. Lp-PLA,
mass was assayed using a microplate-based enzyme linked immunosorbent assay; CV 4.8—
7.2%, and Lp-PLA, activity was measured with a colorimetric activity method (diaDexus,
Inc., South San Francisco, CA) 26-28: CV 6.5-7.8%. All biochemical assessments were
made in duplicate.

Analysis of data was done with SPSS statistical analysis software (SPSS Inc, Chicago, IL).
Results were expressed as means + SE. Levels of triglycerides, insulin, HOMA-IR, Lp-
PLA, mass and activity and the cardiovascular score were logarithmically transformed to
achieve normality for statistical analysis. Proportions were compared between groups using
x2 test or Fisher’s exact test as appropriate. Group means were compared using Student's t-
test. Gender-adjusted Pearson’s partial correlation coefficients were calculated for age and
inflammatory markers across ethnicities. To construct a composite score of multiple
markers, we first calculated a z-score for each inflammatory marker [z = (x — X) / SD, where
x is an individual marker value, X is the mean marker value, and SD is the standard deviation
of marker values]. Using the individual z-scores, we next calculated a composite z-score for
systemic inflammation [i.e., z-score (systemic) = Average (z-CRP, z-fibrinogen, z-SAA)],
and for vascular inflammation [z-score (vascular) = Average (0.5 z-Lp-PLA, mass, 0.5 z-
Lp-PLA, activity, z-PTX-3)]. As we used Lp-PLA, mass and activity to calculate a
composite z-score for vascular inflammation, these two parameters were given a coefficient
of 0.5 in the formula. Multivariate linear regression analysis was performed to explore the
independent association of age with the composite z-scores, adjusted for confounding
variables. Two-tailed P-values less than 0.05 were considered statistically significant.

Caucasians were slightly older and more obese as compared to African Americans (Table 1).
There was no difference in the gender distribution, while a higher proportion of Caucasian
women were postmenopausal. Levels of systemic inflammatory markers were higher in
African Americans compared to Caucasians, although the difference for SAA did not reach
statistical significance. The opposite pattern was observed for markers of vascular
inflammation: Lp-PLA, mass, activity and PTX-3 levels were significantly lower in African
Americans compared to Caucasians. Next we tested the correlations between markers of
systemic and vascular inflammation within each ethnic group (Supplementary Table 1).
Among systemic inflammatory markers, CRP, SAA and fibrinogen were strongly correlated
to each other, while these markers showed only a weak correlation with markers of vascular
inflammation. For markers of vascular inflammation, Lp-PLA, mass showed a moderate
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correlation with Lp-PLA, activity, but not with any other inflammatory marker. PTX-3
showed a weak or no correlation with other markers. The association of each marker of
systemic and vascular inflammation to the presence of CAD is shown in Supplementary
Table 2. For both ethnic groups, fibrinogen levels and Lp-PLA; activity were associated
with the presence of CAD. Additionally, for African Americans, the presence of CAD was
associated with higher CRP or SAA levels.

Pearson’s partial correlation coefficients between each inflammatory marker and age across
ethnicity adjusted for gender are listed in Table 2. In both ethnic groups, systemic
inflammatory markers were significantly and positively associated with age. In Caucasians,
among markers of vascular inflammation, Lp-PLA, mass was positively associated with age
while no significant associations with age were seen for Lp-PLA, activity or PTX-3. We did
not observe any associations between markers of vascular inflammation and age among
African Americans.

The trend pattern of each individual marker with age is shown in Figure 1. Among markers
of systemic inflammation, CRP levels increased significantly (Figure 1A) with age in both
ethnic groups (P=0.012 and P=0.047, for African Americans and Caucasians, respectively).
Similarly, in both groups, levels of fibrinogen and SAA increased significantly (Figure 1B
and C) over age (P<0.001 and P=0.003 for African Americans, and P<0.001 and P=0.001
Caucasians, respectively). In contrast, the trend patterns for vascular inflammatory markers
(Lp-PLA; activity and PTX-3) did not change with age for either ethnic group (Figure 1D
and E), except a slight, but significant increase of Lp-PLA, mass with age among
Caucasians (Figure 1F).

To collectively compare systemic and vascular inflammatory markers, we developed a
composite z-score based on the three respective markers in each category, as outlined in
Methods. The relationship between age and the unadjusted composite z-score for systemic
and vascular inflammation is shown in Figure 2A and 2B, respectively. Reflecting the
findings for the individual markers, the composite z-score for systemic inflammation
increased significantly with age in both ethnic groups (P=0.001 and P<0.001 for African
Americans and Caucasians, respectively), and the score levels were significantly higher in
African Americans than in Caucasians across the age spectrum (Figure 2A). In contrast, we
did not observe any significant change over age for the composite vascular inflammation z-
score for either group (Figure 2B). Further, across age, the composite vascular inflammation
z-score was significantly higher in Caucasians compared to African Americans.

To address the impact of possible confounders on the relation between age and composite z-
scores (systemic and vascular), we included the following variables in a multivariate
regression model as covariates: gender, obesity (BMI), insulin resistance (HOMA-IR), lipid
levels (LDL and HDL cholesterol) and smoking. As seen in Figure 2C and 2D, irrespective
of ethnicity, the adjusted z-score for systemic inflammation increased significantly with age.
No apparent increase was seen for the vascular inflammation z-score. Further, even after
adjusting for the confounders, the trajectories of trend were not significantly different for the
two ethnic groups (Figure 2C and 2D). In support of the trend pattern data, age remained
independently associated with the composite z-score for systemic inflammation in both
ethnic groups in multivariate linear regression models (Table 3, model 1). Age, gender,
BMI, HOMA-IR, LDL cholesterol, HDL cholesterol, and smoking all together explained
about 12% of the variability of the composite z-score for systemic inflammation in
Caucasians (Table 3, model 1). For African Americans, age, gender, BMI, HOMA-IR, LDL
cholesterol, HDL cholesterol and smoking explained about 18% of the corresponding
variability (Table 3, model 1). Again, we did not observe any significant association of age
with the composite z-score for vascular inflammation in either ethnic group (Table 3, model
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2). In Caucasians, of the factors included in the model, only LDL cholesterol was
significantly associated with the composite z-score for vascular inflammation (Table 3,
model 2). In African Americans, none of the variables considered in the model significantly
related to the composite vascular inflammation z-score.

DISCUSSION

Age is an established cardiovascular risk factor and has quantitatively a strong impact on the
Framingham risk score 29. While the overall effect of age as a classic risk factor is well
recognized, contribution of age to increasing cardiovascular risk remains unclear yet. Risk
associated with age could possibly reflect an accumulating burden of a number of
contributing factors- thereby it is tempting to suggest that inflammation may contribute to
this burden. In the present study we addressed the issue to what extent inflammatory
markers are associated with age taking other established risk factors into account. Further,
we attempted to assess differences between markers representing a more general, systemic
inflammation versus a vascular-focused inflammatory process. The main novel finding in
our study was a constant increase of the systemic, but not the vascular, inflammatory burden
over age and that this pattern was seen irrespective of ethnic background. Our findings
underscore the importance of age in elevating inflammatory burden when assessing
cardiovascular risk.

Although the notion that elevated inflammatory markers increase the risk of CVD has been
increasingly recognized 39, underlying mechanisms and pathways remain to be elucidated.
Notably, high levels of inflammatory markers are known to be associated with many factors
contributing to an increased CVD risk such as smoking, visceral obesity, sedentary life style
and excessive alcohol consumption, suggesting a considerable degree of complexity.
Further, an increase of inflammatory cytokines can potentially contribute to the progression
of many chronic and degenerative diseases, such as atherosclerosis, cancer, obesity,
diabetes, and congestive heart failure. Thus, presence of these risk factors and CVD itself
may in turn further stimulate the inflammatory process, resulting in a vicious cycle. In
support of this, Ferrucci et al have demonstrated that increases in inflammatory markers
with age are due, at least partly, to a progressive increase in the burden of cardiovascular
risk factor and morbidity 31. On the other hand, inflammation is an integral and necessary
part of the response to pathogens and constitutes an important part of the immune defense
system. In view of these complex relationships, it is important to characterize the role of
individual markers of inflammation in predicting risk of disease development.

Many prospective studies demonstrate a positive association between risk for CVD and
markers of systemic inflammation, i.e., acute phase reactants such as CRP and

fibrinogen 2-°. Further, recently more specific vascular inflammatory markers, such as Lp-
PLA, and PTX-3, have been shown to be associated with CVD %-8. However, the
correlation between Lp-PLA, and CRP is weak, suggesting that markers of systemic and
vascular inflammation may reflect different underlying mechanisms. We have previously
studied the associations of CRP, fibrinogen and Lp-PLA, with CAD risk across African
Americans and Caucasians 32734, and our findings indicated an independent impact of
vascular inflammation as contributory to CAD risk, suggesting that different sets of markers
could provide complementary information as risk predictors.

In assessing the relation of systemic and vascular inflammatory biomarkers with age, we
observed that all markers of systemic inflammation increased significantly over age, both for
African Americans and Caucasians. In contrast, we did not observe any change in trend
patterns of vascular inflammatory markers with age in either ethnic group. Further, in
univariate analysis, we noted ethnic differences in the relationship between age and some
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markers of systemic and vascular inflammation. To collectively test the overall effect and
distribution of systemic and vascular inflammation over age, we constructed composite
scores by combining z-scores of the three respective markers in each category. In agreement
with the findings for the separate markers, we observed a significant increase of the
composite z-score for systemic, but not vascular inflammation with age in both ethnic
groups. Age still remained independently associated with the composite z-score for
systemic, but not vascular inflammation in both ethnic groups, even after adjusting for
confounding variables that potentially could affect the relationship between levels of
inflammatory markers and age. Interestingly, the differences between African Americans
and Caucasians disappeared after adjustment for the confounders, suggesting that
differences seen in the univariate analyses were likely due to differences in confounding
factors between the ethnic groups rather than an inherent ethnic difference. Our approach of
using composite z-scores has several advantages: a) it enables a comparison of individual
inflammatory markers within each category at the same scale, b) it provides a standardized
way to assess the relative contribution of individual inflammatory markers to age, and c)
makes it possible to collectively assess effects of systemic and vascular risk factors as a
group over age. Further, use of the score system allowed us to document that an increase of
systemic inflammation with age persisted even after adjusting for confounding factors.
Notably, the confounding factors taken into account, together with age, explained only a
minor fraction of the overall variability in systemic inflammatory scores (12% for
Caucasians and 18% for African Americans), suggesting that other factors beyond
traditional cardiovascular risk factors, for example, environmental or genetic factors or both,
may play a larger role. Overall, our findings suggest that systemic inflammatory markers
may reflect overall age-related inflammatory burden to a greater extent than vascular
markers. One implication of this finding is that vascular inflammation may reflect more
specific to a localized atherogenic process but less to a more widespread inflammatory
process.

We acknowledge some of the limitations of this study. In view of the complexity of the
inflammatory process and the considerable arsenal of markers available, it is well
recognized that a classification of systemic vs. vascular inflammatory markers likely
represent a relatively narrow and perhaps somewhat simplistic view. However, we
nevertheless adopted this approach as an initial attempt to address the relationship of
individual inflammatory markers with other cardiovascular risk factors. Further, the cross-
sectional study design does not allow us to evaluate the causative and longitudinal effect of
age and other factors that might influence on levels of inflammatory markers. Subjects in
our study were recruited from patients scheduled for coronary angiography and are likely
more typical of a high-risk patient group than the general population at large. However,
utility of high-risk population is particularly valuable in assessing inflammatory factors that
might be enriched in this population and ultimately their effects on risk of cardiovascular
disease. We did study two race/ethnicity groups but expanded studies are needed to
investigate other ethnic background groups. Although our findings support the notion that
systemic inflammatory burden measured as increased levels of inflammatory markers is
persistently increased by age, additional studies are warranted to verify these results in more
general populations as well as in prospective studies.

In conclusion, the findings suggest an increase in the systemic, but not vascular
inflammatory burden over age. This observation has several potential implications: 1) use of
systemic inflammatory markers in assessment of cardiovascular risk may be more
influenced by age-related processes than is the case for vascular markers; 2) we did not
observe any differences in levels of inflammatory markers over age between the two ethnic
groups when adjusting for confounding variables, including traditional risk factors; 3) age is
an independent predictor of systemic inflammation, even after adjustment for other risk
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factors, and traditional cardiovascular risk factors may only explain a small fraction of the
variability of inflammatory markers. Our results underscore the important influence of age
on inflammatory markers in identification of a high cardiovascular risk phenotype across
ethnicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Relation between levels of inflammatory markers (panel A: CRP, B: fibrinogen, C:SAA, D:
Lp-PLA, mass, E: Lp-PLA, activity, F: PTX-3) and age in Caucasians and African
Americans. Straight line represents Caucasians, dotted line represents African Americans.
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Relation between age and unadjusted composite z-score for systemic (A) and vascular (B)
inflammation in Caucasians and African Americans. Relation between age and adjusted
(gender, BMI, HOMA-IR, HDL-C, LDL-C and smoking) composite z-score for systemic
(C) and vascular (D) inflammation in Caucasians and African Americans. Straight line
represents Caucasians, dotted line represents African Americans.
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Table 1

Levels of inflammatory markers across ethnicity.

Characteristics Caucasians  African Americans P
(n=336) (n=224)
Men/Women 217/119 126/98 0.052
Age, yrs 56.8+0.6 54.8+0.6 0.025
BMI, kg/m? 29.7+0.3 28.6+0.4 0.043
Systolic blood pressure, mm Hg 125+1 129+2 0.058
Diastolic blood pressure, mm Hg 75+1 78+1 0.004
Postmenopausal (%) 92 (79%) 65 (66%) 0.032
Inflammatory markers
CRP, mg/L 7.0+0.6 9.8+1.0 0.004
SAA, mg/L 8218 111+13 0.284
Fibrinogen, mg/dL 3285 38317 <0.001
Lp-PLA, mass, ng/mL 29314 23245 <0.001
Lp-PLA, activity, nmol/min/mL 173+2 141+3 <0.001
PTX-3, ng/mL 2.33+0.15 1.87+0.23 <0.001

Page 12

Data are expressed as mean + SEM. Data for CRP, SAA, Lp-PLA2 mass, Lp-PLA activity and PTX-3 were logarithmically transformed to
normalize the distribution of marker values before statistical analyses.
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Table 2

Pearson’s partial (adjusted for gender) correlation coefficients between age and each of inflammatory markers
across ethnicity

Inflammatory markers Caucasians African Americans
r P r P
CRP, mg/L 0.141  0.012 0.136 0.045
SAA, mg/L 0.171  0.002 0.152 0.025
Fibrinogen, mg/dL 0.282 <0.001 0.226 0.001
Lp-PLA; mass, ng/mL 0.163  0.003 0.075 0.912

Lp-PLA; activity, nmol/min/mL  0.016  0.773 0.043 0.521
PTX-3, ng/mL 0.075 0.182 0.049 0.468

Data for CRP, SAA, Lp-PLA2 and PTX-3 were logarithmically transformed to normalize the distribution of marker values before statistical
analyses.
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