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Abstract

As evidence of the involvement of inflammation and oxidative damage in pathogenesis of age-
related chronic diseases is growing, epidemiologists need to develop measures of both conditions
to study their relationships in human populations. One way of searching for appropriate
biomarkers is to examine correlations between different inflammatory markers and oxidative
indices. We examined cross-sectional correlations between two inflammatory markers, serum
C-reactive protein (CRP) and interleukin (IL)-6, and three oxidative indices, plasma levels of
a-tocopherol and B-carotene, and urinary levels of 2,3-dinor-5,6-dihydro-15-F,isoprostane
(F,-IsoP), in 60 individuals at high risk of cardiovascular disease. Correlations between the
biomarkers were examined graphically and using the Pearson correlation coefficient. No
correlation was found between plasma levels of a-tocopherol and either of the inflammatory
markers. Plasma B-carotene inversely correlated with IL-6 (r= —0.46, p =0.0002) and CRP
(r=—0.41, p=0.001). Although urinary F,-IsoP did not correlate with IL-6, this biomarker
positively correlated with CRP (r=0.31, p =0.002). As only urinary F,-IsoP levels have been
validated against known oxidative assaults, their positive association with CRP levels is
interpreted as evidence of an interconnection between low-level inflammation and oxidative
status. Urinary levels of F,-IsoP and serum levels of CRP represent appropriate biomarkers for
future studies of inflammation and oxidative status in humans.
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Introduction

Recently, a focal point of epidemiology has been variation in levels of inflammatory
markers within the reference range. Interest in this topic was raised by the findings
that inflammatory markers predict the risk of multiple age-related chronic conditions:
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cardiovascular disease (Pearson et al. 2003), cancer (Coussens & Werb 2002),
macular degeneration (Seddon et al. 2005), type 2 diabetes (Pradhan et al. 2001, Hu
et al. 2004a), and physical disability (Ferrucci et al. 1999, Cesari et al. 2004).
Inflammation-induced pathogenesis, as indicated by a large body of evidence, involves
oxidative stress (Coussens & Werb 2002, Hussain et al. 2003). The pathogenic
triangle of inflammation/oxidative stress/chronic disease is an intriguing hypothesis
because both adverse factors can be alleviated by specific interventions. Such
interventions could be based on measurements of systemic levels of inflammation
and oxidative status.

Our question is whether ‘normal’ variations in levels of inflammatory markers
correlate with indices of oxidative status. A correlation between these parameters
could provide evidence for a causal cluster, similar to what has been observed between
continuous traits in metabolic syndrome (Liese et al. 1998). Also, such correlations
can help to identify biomarkers for future epidemiological studies focusing on
inflammation and oxidative status.

This study examines correlations between two inflammatory markers — serum levels
of interleukin (IL)-6 and C-reactive protein (CRP) — and three indices of oxidative
status — plasma levels of a-tocopherol and B-carotene, and urinary levels of 2,3-dinor-
5,6-dihydro-15-F,.-isoprostane (F,-IsoP). We chose these three oxidative indices for
the following reasons: fat-soluble antioxidants a-tocopherol and B-carotene have been
used in epidemiological studies as indicators of antioxidant protection (Flagg et al.
1995) and F,-isoprostanes are currently considered to be the best biomarker of
oxidative status in humans (Morrow & Roberts 2002, Basu 2004, National Heart
Lung & Blood Institute 2004, Milne et al. 2005).

The study subjects were at high risk of cardiovascular disease. This population was
selected because both low-level inflammation and oxidative stress have been
implicated in cardiovascular pathogenesis (Pearson et al. 2003, Stocker & Keaney
2004). Involvement of both factors implies that the relationship between them, if it
exists, would be more pronounced in a high-risk population.

Materials and methods
Study population

This study included 60 participants in the Trial of Angiotensin Converting Enzyme
Inhibition and Novel Cardiovascular Risk Factors (TRAIN). The TRAIN study is a
double-blind, crossover, randomized, placebo-controlled trial aimed at assessing the
biological mechanisms by which angiotensin-converting enzyme (ACE) inhibition
may improve clinical outcomes in persons aged >55 years who have a high cardio-
vascular disease risk profile. The design of the study has been reviewed elsewhere
(Cesari et al. 2005). Briefly, the participants were recruited from the communities of
Winston-Salem and Greensboro, North Carolina, USA. Eligibility was determined via
a phone interview followed by a clinical prescreening visit. Subjects who successfully
completed the prescreening visit (n =401) were entered in a screening and single-blind
run-in phase in which compliance and the tolerability of the ACE inhibitor fosinopril
were evaluated. Participants who successfully completed all of the preliminary phase
interviews and visits (z =295) were randomly assigned to either the placebo or the
intervention branch (treatment with fosinopril) of the study during the baseline clinical
visit. This study presents baseline cross-sectional data from the first 60 participants
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randomized to the placebo or the intervention branch, excluding those with missing
values for measurements of inflammatory markers or oxidative indices. All of
the participants signed an informed consent form for the study at the screening visit.
The Institutional Review Board of Wake Forest University approved the study
protocol.

Laboratory measurements

To minimize circadian rhythm and other fluctuations in marker concentrations, all of
the participants had their blood drawn by venipuncture on the morning of the
screening and of each clinical visit, after fasting for 6 h. Blood specimens were
processed in the cold within 1 h of collection. Plasma aliquots were placed into
cryovials and frozen at —70°C until the analysis. Special precautions were taken to
protect fat-soluble antioxidants from oxidation: processing was performed under
subdued light; aliquots for antioxidant analysis were placed into amber vials contain-
ing 8 Wl of 2.5% 2,6 ditertiarybutyl-4-methyl phenol (BHT) in ethanol; and vials were
caped under argon.

Serum levels of IL-6 and CRP were available from the main TRAIN study.
Methods for their measurement have been described elsewhere (Ridker et al. 1997,
Cesari et al. 2005). Plasma concentrations of a-tocopherol and P-carotene were
measured in the Pharmacology Core Laboratory of the Wake Forest University
Comprehensive Cancer Center by reverse-phase high-performance liquid chromato-
graphy (HPLC) with UV/VIS detection using a modified version of a published
method (Hess et al. 1991). The detection (quantitation) limits were 0.1 ug ml ! for a-
tocopherol and 0.01 pg ml~' for B-carotene. None of the sample values were below
the limit of detection for any of the measured antioxidants. Samples with concen-
trations above the upper limit of the standard curve were extracted and diluted 1:1
with BHT ethanol prior to injection onto the system.

Morning spot urine samples were collected from the participants at the baseline
examination and stored at —70°C. Measurement of F,-IsoP in urine was performed
at Vanderbilt University by gas chromatography with negative ion chemical ionization
mass spectrometry (Morrow et al. 1999). The F,-IsoP values were adjusted by urine
creatinine. Urine creatinine was determined by a modified Jaffe method (Kroll et al.
1986).

Other variables

Demographic information, smoking status, body mass index (BMI), and medical
history were available from the main TRAIN study. These data were collected during
the prescreening clinic visit.

Statistical analysis

The analysis of correlations between inflammatory markers and oxidative indices was
conducted using log-transformed variables because the distribution of all examined
biomarkers was right-skewed. The relationships between markers were examined
graphically and using the Pearson correlation coefficient. Similarly, correlations
between the biomarkers and two continuous variables, age and BMI, were examined
using the Pearson correlation coefficient. We also calculated and compared geometric

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only

44 D. IPyasova et al.

means of oxidative indices by three levels of CRP: low (<1.0 mg 1~ '), average (1.0—
3.0mg 1™ "), and high-risk (>3.0 mg 1~ ') levels. This categorization was developed
for cardiovascular diseases (Pearson et al. 2003), for which the relationship with
inflammatory markers has been studied more extensively than for other chronic
conditions. The distribution of biomarkers by gender, diabetes status, and history of
cancer were examined using the Wilcoxon rank test.

Results

As expected, the study subjects showed a high prevalence of characteristics associated
with the risk of cardiovascular disease (Table I): 73% had hypertension, 59% had a
high total cholesterol level, 41% were obese, 24% had diabetes, 13% had a history of
stroke and 6% had stable angina. The age of study subjects ranged from 55 to 81
years. The median level of CRP, a known predictor of cardiovascular risk, was in the
range of average risk for cardiovascular disease (1.0-3.0 mg 1~ ') (Pearson et al. 2003)
and was higher than the established median reference level in healthy individuals (2.26
vs. 0.64-0.80 mg 1~ ') (Macy et al. 1997). Thirty-seven percent of the subjects had
CRP levels associated with a high risk of cardiovascular disease (>3.0 mg 17 1)

Table I. Subject characteristics.

Mean (SD) or %

Age (years) 68 (7)
Range 55-81

Race: White 94%

BMI (kg m ~2) 29.0 (4.3)
Range 22.543.3

Female 33%

Current smokers 3%

Diabetes 24%

Total cholesterol >200 mg dl ~* 59%

Hypertension 73%

History of stroke 13%

History of stable angina 6%

History of cancer 25%

CRP (mg1~ 1) 3.55 (4.00)
Range 0.21-19.10
25%-median-75% 1.02-2.26-3.84

IL-6 (pg ml™ %) 3.91 (2.90)
Range 1.18-13.01
25%-median-75% 2.18-2.99-3.72

o-tocopherol (ug ml ') 10.71 (5.88)
Range 3.45-35.22

25%-median-75%
B-carotene (ug ml ')

7.10-8.60-12.84
0.101 (0.098)

Range 0.018-0.606

25%-median-75% 0.039-0.060-0.131
F,-IsoP (ng mg ! creatinine) 0.90 (0.94)

Range 0.19-4.47

25%-median-75% 0.37-0.56-0.98

BMI, body mass index; CRP, C-reactive protein; IL, interleukin; F,—IsoP, 2,3-dinor-5,6-dihydro-15-F,~

isoprostane.
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(Pearson et al. 2003). The levels of IL-6 and CRP positively correlated with each other
(r=0.61, p<0.0001) as did the levels of antioxidants, a-tocopherol and B-carotene
(r=0.37, p=0.004). The levels of F,-IsoP did not correlate with either a-tocopherol
(r=-0.21, p=0.11) or B-carotene (r= —0.03, p =0.83).

Plasma antioxidants showed different results with respect to correlation with
inflammatory markers. Whereas plasma levels of a-tocopherol did not correlate with
either inflammatory marker, B-carotene levels inversely correlated with both inflam-
matory markers (Figure 1). Adjustment of antioxidant levels for total cholesterol did
not change the results (data not shown). Urinary levels of F,-IsoP did not correlate
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Figure 1. Correlation between inflammatory markers and oxidative indices: all variables are log-
transformed, presented are Pearson correlation coefficients. CRP, C-reactive protein; IL, interleukin;
F,-IsoP, 2,3-dinor-5,6-dihydro-15-F,-isoprostane.
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Figure 2. Geometric means of oxidative indices by C-reactive protein (CRP) levels: low (<1.0 mg 1~ 1),
average (1.0-3.0 mg 1~ "), and high-risk (>3.0 mg 1~ ") levels, presented are p-values for Kruskal-Wallis
test.

with IL-6 but positively correlated with CRP levels (Figure 1). Consistent with the
correlation results, the a-tocopherol geometric mean did not change with CRP levels;
the geometric mean of B-carotene decreased and that of F,-IsoP increased at higher
levels of CRP (Figure 2).

Although not the focus of this analysis, correlations between the measured
biomarkers and several characteristics of the subjects are noteworthy. F,-IsoP levels
correlated with BMI (r=0.33, p =0.01) and were higher among women (geometric
means were 1.01 vs. 0.49 in men, p =0.0003). Levels of PB-carotene were higher
among diabetic participants (geometric means were 0.084 vs. 0.048, p=0.01).
Participants with a history of cancer had higher levels of plasma a-tocopherol
(geometric means were 11.76 vs. 8.73, p=0.01). Other characteristics did not
correlate with the examined biomarkers.

Discussion

There is strong interest in correlations between inflammatory and oxidative markers
because of the popular idea that both factors contribute to the pathogenesis of many
chronic conditions. The epidemiological questions are, first, whether the relationship
between these two phenomena exists at a systemic level, and second, how this
relationship can be studied. Logically, if inflammation and oxidative status are two
pathological factors of the same causal pathway, we should be able to find a
correlation between their measurements. Finding such correlated measurements can
facilitate epidemiological studies of these clustering factors in human populations.

In this study, we selected participants at high risk of cardiovascular disease (Table I)
because both oxidative stress and inflammation are involved in cardiovascular
pathogenesis. The prevalence of many chronic conditions in this study population is
higher than in the general population. For example, 24% of our study subjects have
diabetes, a condition that has been clearly associated with oxidative stress and
inflammation. Selection of such a study population maximizes the chances of finding
correlations between biomarkers of oxidative stress and inflammation because of the
increased chance that participants will have both conditions simultaneously. Healthy
individuals are unlikely to have both of these conditions. Therefore, investigating the
relationship between oxidative stress and inflammation would be compromised if
healthy individuals were selected as the study population.

Our results clearly indicate that circulating levels of a-tocopherol do not correlate
with inflammatory markers (Figures 1 and 2). This finding is consistent with
previously published results from large studies (Ford et al. 2003a, Walston et al.
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2006). Also consistent with previous studies (Boosalis et al. 1996, Erlinger et al. 2001,
Ford et al. 2003a, Hu et al. 2004b, Walston et al. 2006), circulating B-carotene
inversely correlated with both CRP and IL-6 levels (Figures 1 and 2). From the
standpoint of biological significance, these results are surprising, given that vitamin E
and its main component o-tocopherol are classified as ‘essential antioxidants in
humans’ (Halliwell 1996, McCall & Frei 1999), while the biological role of B-carotene
as an antioxidant in vivo is questionable (Rice-Evans et al. 1997, Halliwell 1999). On
the other hand, circulating a-tocopherol levels are not a valid indicator of oxidative
status because they do not decrease, but rather increase, in response to oxidative
stressors in animals (carbon tetrachloride treatment) (Kadiiska et al. 2000) and in
humans (exercise training) (Aguilo et al. 2005, Watson et al. 2005). Such increase in
a-tocopherol levels in response to oxidative stress has been conceptualized as
mobilization of antioxidant defence (Watson et al. 2005). Perhaps, systemic o-
tocopherol levels present complicated dynamics between its nutritional intake,
storage, and the presence of oxidative assault. With respect to our study, the fact
that plasma a-tocopherol levels are not a valid oxidative index can explain the lack of
correlation with the inflammatory markers.

The results on plasma B-carotene — a nutrient with questionable antioxidant
functions (Rice-Evans et al. 1997) — are puzzling. The enigma of B-carotene is not
limited to this study, but rather permeates the entire history of antioxidant research.
Besides consistent correlations with levels of inflammatory markers (Boosalis et al.
1996, Erlinger et al. 2001, Ford et al. 2003a, Hu et al. 2004b, Walston et al. 2006),
circulating B-carotene levels inversely correlate with an impressively large number of
risk factors for different chronic conditions: smoking (Wallstrom et al. 2001, Ford
et al. 2002), metabolic syndrome (Ford et al. 2003b) and its components — obesity
(Strauss 1999) and insulin resistance (Ylonen et al. 2003), hypertension (Chen et al.
2002), pulmonary function (Schunemann et al. 2001), and measures of sarcopenia
(Semba et al. 2003). This list is not exhaustive because a comprehensive review of
B-carotene is beyond the scope of this manuscript. Contrary to expectations based on
finding such correlations, supplementation with B-carotene failed to demonstrate a
protective effect in randomized trials (Mayne 1996). One of the popular explanations
for such a contradiction is the hypothesis that B-carotene levels are an indicator of
consumption of fruits and vegetables known to be associated with lower risk of many
chronic conditions (Mayne 1996). For example, carotenoids alone did not increase
resistance of low-density lipoproteins to copper-induced oxidation (measured as
formation of conjugated dienes and loss of tryptophan fluorescence), whereas this
effect was demonstrated in experiments with plant-derived phenolic compounds
(Milde et al. 2007). A combination of carotenoids with phenolic compounds pro-
duced a supra-additive effect, suggesting that consumption of fruits and vegetables,
but not of carotenoids alone, can produce a beneficial effect. Indeed, healthier dietary
patterns have been associated with both higher levels of B-carotene (Mayne 1996) and
lower levels of CRP (Lopez-Garcia et al. 2004) thus providing a possible explanation
to our findings. An alternative explanation could be inflammation-induced changes
in the dynamics of intestinal absorption and transport of B-carotene by the lipo-
protein system.

In this study, urinary F,-IsoP levels did not correlate with IL-6 but positively
correlated with CRP (Figures 1 and 2). Two facts are important for interpreting these
results. First, CRP is the best studied inflammatory marker in prediction of
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cardiovascular diseases with the defined risk categories (low, average, high correspond
to <1.0, 1.0-3.0 and >3.0 mg1 ', respectively). In our previously published study,
CRP levels more consistently associated with different cancer outcomes, showing a
pronounced dose-response relationship with total cancer incidence, when compared
with IL-6 levels (I’yasova et al. 2005). Second, among the three examined indices of
oxidative status, only urinary F,-IsoP levels have been validated against known
oxidative assaults in animals (carbon tetrachloride treatment) (Kadiiska et al. 2005)
and humans (exercise training) (Mastaloudis et al. 2001, Nieman et al. 2004). These
findings emphasize the credibility of a positive correlation between urinary F,-IsoP
and CRP as an indication of the interconnection between low-level inflammation and
oxidative status. Important for future studies, urinary F,-IsoP levels have a number
of favourable qualities as an epidemiological marker such as chemical stability,
independence of dietary lipid content, and low within-person variability (Richelle
et al. 1999, Gopaul et al. 2000, Kanabrocki et al. 2002, Morrow & Roberts 2002).

Finally, we would like to out point several limitations of this study. Remembering
that ‘association is not causation’, we interpret the correlation between CRP and
urinary F,-IsoP as evidence of an interconnection, but not of a causal relationship,
between low-level inflammation and oxidative status. Such a correlation may be the
result of an unknown causal factor that induces both inflammation and high oxidative
status. Establishing a causal relationship between inflammation and oxidative status is
beyond the scope of any single investigation. Other limitations of this study are the
specifics of the study population and the small sample size.

Obviously, the study subjects are not entirely representative of the general
population because they were selected for a specific clinical trial. As noted above,
we selected this study population assuming that if a relationship between low-level
inflammation and oxidative status exists, it should be detectable in the population at
high risk of cardiovascular disease, because both factors are known to be involved in
cardiovascular pathogenesis. According to this logic, if no correlations were found
between the biomarkers in this study, it is unlikely that they would be found in the
general population; however, any correlation found in this study may be attenuated in
the general population.

Although the sample size (z=60) is large enough to detect correlations, it is
insufficient for a full investigation of relationships between the biomarkers including
interactions with other characteristics and non-linear dose responses. Lastly, we
examined only frequently used biomarkers, whereas inflammation and oxidative status
both involve a complicated network messengers and metabolites. This study describes
a simple method for initial evaluation of potential epidemiological markers, which can
be used to evaluate other existing and new emerging biomarkers.

In conclusion, first we found that plasma levels of a-tocopherol did not correlate
with levels of inflammatory markers; therefore, a-tocopherol does not appear to be
useful for epidemiological studies of oxidative stress and inflammation. Second,
plasma [-carotene levels inversely correlated with levels of both markers of
inflammation that were studied; however, plasma B-carotene is a highly questionable
marker of oxidative status and therefore the observed inverse correlations might not
reflect a true relationship between oxidative stress and inflammation. Finally, urinary
F,-IsoP levels are a valid index of oxidative status in humans and are positively
correlated with CRP levels. Thus, based on our results, we recommend using systemic
F,-IsoP and CRP levels to study the relationships between oxidative status,
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inflammation, and chronic diseases. Both of these biomarkers can be assessed on a
large scale. This is an important practical consideration for epidemiological studies
and supports our recommendation.
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