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Abstract
Aims—The aim of the present study was to investigate the association of high sensitivity CRP,
interleukin-6 (IL-6) and lipoprotein-associated phospholipase A2 (Lp-PLA2) with the extent of
calcified coronary atherosclerosis in patients with type 2 diabetes mellitus (T2DM).

Materials and results—This is a cross-sectional study of 306 subjects aged 40 years or older who
were enrolled into the Veterans Affair Diabetes Trial. Calcified coronary atherosclerosis was assessed
using electron beam computed tomography scored by the Agatston method. Clinical parameters,
traditional cardiovascular risk factors and plasma levels of CRP, IL-6 and Lp-PLA2 were measured
at the time of the scan. Coronary artery calcium scores (CAC) increased stepwise across increasing
categories of IL-6, but did not change across increasing categories of CRP and Lp-PLA2. After
adjustment for traditional cardiovascular risk factors, IL-6 was significantly associated with CAC
scores (p= 0.05). The association between IL-6 and CAC was largely in those with lower (below the
median) abdominal artery calcium (AAC) levels (p= 0.03).

Conclusions—Despite a generally higher level of systemic inflammation in T2DM, the
inflammatory marker IL-6 remained significantly associated with CAC score, particularly in those
subjects with lower AAC scores.
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1. Introduction
Mounting evidence supports the contribution of inflammation to the pathophysiology of
atherosclerosis. In fact, there has been remarkable consistency in the relationship between
inflammatory markers and cardiovascular disease (CVD) in numerous population-based
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studies. Inflammatory markers such as high sensitivity CRP (CRP)[1,2], interleukin-6 (IL-6)
[2], lipoprotein-associated phospholipase A2 (Lp-PLA2)[3], and white blood cells [4,5] are
increased in individuals with CVD, and elevated levels of these markers frequently precede
the development of CVD[1–7]. While type 2 diabetes (T2DM) has frequently been referred to
as a chronic inflammatory state, and increased levels of markers of systemic inflammation have
been consistently reported in individuals with diabetes, when compared to those without
diabetes[8], most studies of inflammatory markers and CVD have been conducted in
populations with a low prevalence of T2DM. There are few studies conducted within diabetes
cohorts, and the results are not conclusive[9–13].

Similarly, only a few studies have assessed the relationship between inflammatory markers
and direct measures of coronary atherosclerosis, such as that provided by coronary artery
calcium [12]. Subjects with T2DM have increased levels of atherosclerosis in multiple blood
vessels [12–15] and the relationship between inflammation and atherosclerosis may vary across
vascular beds. This complicates understanding the association between various inflammatory
markers and coronary disease, and may in part explain the inconsistent findings concerning
inflammation and CVD in the few previous studies in diabetic cohorts. A unique feature of this
study in individuals with T2DM was the availability of measures of calcified atherosclerosis
in both the coronary and abdominal aortic vascular beds, permitting investigation of the
association between inflammatory markers and coronary artery calcium (CAC), while
accounting for the effect of non-coronary atherosclerosis, as assessed by abdominal aortic
calcium (AAC).

2. Methods
2.1. Subjects

Data for this study derive from baseline examinations of participants in the Risk Factors,
Atherosclerosis, and Clinical Events in Diabetes (RACED) study [14] which is a seven-site
substudy of the Veterans Affairs Diabetes Trial (VADT). The study design, with exclusion/
inclusion criteria, for the VADT has been previously described[16]. Approximately 95% of all
subjects who were recruited into the VADT study at sites participating in the RACED sub-
study also agreed to both undergo baseline electron-beam-computer-assisted tomography scans
(EBCT) of the coronary and abdominal aortic vascular beds and provide blood samples for
assessment of emerging risk factors. While in the fasting state, blood was drawn, and plasma
and serum aliquots were prepared and frozen at −80°C, for measurement of novel
cardiovascular risk factors including IL-6, CRP, and Lp-PLA2.

The VADT baseline examination included a medical history, physical examination, and
collection of blood for measurement of traditional cardiovascular risk factors. Height and
weight were measured to the nearest 0.1 cm and 0.5 kg respectively, and body mass index (kg/
m2) was calculated. Information regarding current medical health status, including history of
diabetes, hypertension, prior CVD, and medication, was collected by a questionnaire
administered by research staff as previously described [16].

2.1. Laboratory methods
Plasma total cholesterol, triglycerides, and HDL cholesterol concentrations were measured
using standard enzymatic methods, with reagents obtained from Roche Diagnostics
(Indianapolis, IN) on a Hitachi 911 analyzer. Serum high sensitivity CRP levels were measured
by an enzyme-linked immunosorbant assay (ELISA kit, Alpha Diagnostic International, San
Antonio, Texas), that yields an intra-assay CV % of 2.1, 3, and 4.5 for low, medium, and high
serum CRP samples, and an inter-assay CV% of 2.7, 5, and 7. IL-6 was measured by an ELISA
kit (R&D systems) with intra-assay and inter-assay CVs ranging from 4 to 6% and from 5 to
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10% respectively. Lp-PLA2 mass was measured by an enzyme immunoassay (PLAC® test,
diaDexus) in plasma with intra-assay and inter-assay CVs ranging from 4 to 6% and 6 to 9 %
respectively.

2.3. Assessment of coronary and abdominal artery calcium scores
Coronary and abdominal aortic calcium were determined by electron beam computed
tomography cardiac scanning using Imatron C150XL scanners (GE Imatron, South San
Francisco, CA) as previously described[14]. Readers performing calcium scoring at the
centralized reading center were blinded to the demographic and clinical information. A
threshold of 4 contiguous pixels and 130 Hounsfield units were used to identify calcified
lesions. Calcified lesions were scored according to the method described by Agatston and
colleagues[17]. The total coronary calcium score was determined by summing individual
scores from each of four coronary arteries (left main, left anterior descending, circumflex, and
right coronary arteries). Abdominal aortic scans were obtained by scanning a continuous
section of the aorta extending from the upper pole of the right kidney down to the aortic
bifurcation with 6 mm slice thickness. A calibration phantom was scanned under the chests
and abdomens of each participant at each scanning center to allow calibration of the images to
identical standards, as previously described[14].

2.4. Data Analysis
Statistical analyses were performed with the SAS statistical package (The SAS Institute, Inc.,
Cary, NC, release 9.1). The means ± SD are reported for continuous variables, except for
variables with highly skewed distributions, where medians and interquartile ranges are
reported. Proportions are reported for categorical variables. For the purpose of analysis, the
logarithmic transformation of CAC+1 was used to reduce the effect of the skewness of the
calcium data, and to permit inclusion in the analyses of those individuals with a CAC score of
zero. Predictor variables with skewed distribution such as AAC, IL-6, and CRP were examined
both untransformed as well as after log transformation. Although log transformation of IL-6
yielded more significant p-values, we chose to use the untransformed variables for ease of
interpretation and clinical application. Two subjects with values of IL-6 > 25 pg/mL, and 15
subjects with values of CRP > 20 mg/L were excluded as extreme outliers, as these high
measured levels may be due to transitory events such as acute infections. For initial assessment
of inflammatory markers, we first just compared differences in the calcium scores (logarithmic
transformed values of CAC+1) among categories of inflammatory markers. For ease of
interpretation, data are back transformed and presented graphically as geometric means with
95% confidence intervals. To further investigate the association between these risk factors and
CAC, multiple linear regression analysis was performed. Stepwise variable selection was
performed to find the set of statistically significant traditional and nontraditional risk factors
(age, hypertension, AAC and IL-6) to include along with several biologically relevant variables
that had significant univariate associations with CAC to provide a comprehensive but relatively
parsimonious model. A more complete model that included other available variables not
selected in this final model did not appreciably change results and is not presented. Gender
was not included as one of covariates in the multivariable model, since only 6% (n= 17) of the
study population were women. However, we evaluated the effect of gender by also analyzing
the data after excluding women from the analyses.

3. Results
Our study population included 306 subjects, with a mean ± SD age of 61 ± 9 years and duration
of T2DM of 12 ± 8 years (Table 1). The majority of subjects were male (94%), non-Hispanic
white (66%), had a history of hypertension (78%) and of past or current smoking (72%), and
had laboratory evidence of dyslipidemia (total cholesterol/HDL cholesterol ratio of 5.2 ± 1.8).
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In addition, as indicated above our study was a substudy to VADT study and non-
responsiveness to at least one oral agent and/or daily insulin injections was one of the eligibility
criteria for enrollment in the study. Therefore, the majority of subjects had poor glycemic
control as reflected by a mean HbA1c 9.3% ± 1.4. However, in contrast to other studies[18,
19], older subjects in our study had lower HbA1c levels, despite longer diabetes duration.

To investigate a potential relationship between inflammatory markers and CAC, we first
compared CAC levels across increasing categories of CRP, Lp-PLA2 and IL-6. Coronary
calcium levels did not vary significantly across CRP and Lp-PLA2 categories. However, as
shown in Figure 1, CAC Agatston scores increased in a stepwise fashion across increasing
tertiles of IL-6 [geometric means and (95% CIs): 66 (36–119), 128 (75–218), 174 (107–282)].

To identify other relevant correlates of CAC in our study sample, univariate regression analyses
were performed. As shown in table 2, age, duration of diabetes, ethnicity, hypertension, statin
use, and AAC were positively associated with increasing CAC, while HbA1c was inversely
associated with CAC. Older subjects, who generally have higher CAC also had lower HbA1c,
which contributed to the unexpected inverse univariate association between CAC and HbA1c
in our cohort. As shown in Table 3 in the multivariable model, after adjustment for other
covariates including age, the association between HbA1c and CAC was substantially weaker
and did not remain significant.

Consistent with the data presented in Figure 1, there was an indication of a borderline
significant (p= 0.07) association between IL-6 and CAC in the univariate analysis (Table 2).
After log transformation of the skewed IL-6 data, this association was statistically significant
(p < 0.01). To determine if the association of IL-6 with CAC persisted after adjustment for
other traditional risk factors, a series of multiple linear regression models were performed.
Controlling for potential confounding variables (age, duration of diabetes, ethnicity, HbA1c,
AAC and hypertension, statin use) that were individually associated with CAC, IL-6 remained
significantly (p= 0.05) associated with CAC (Table 3-model without interaction). The risk
factor-adjusted association between IL-6 and CAC was even more significant when the
analyses were limited to men (p= 0.03). Addition of other variables not included in this final
more parsimonious model, such as BMI, cigarette smoking, medication use, and lipid levels
were neither significantly associated with CAC nor appreciably changed the relationship of
IL-6 with CAC (Supplemental Table).

As calcified atherosclerosis in the abdominal aorta typically occurs earlier than, and is highly
correlated with, calcified atherosclerosis in other vascular beds[20], AAC provides a
reasonable measure of non-coronary atherosclerotic burden. It therefore seemed plausible that
subjects with extensive non-coronary atherosclerosis (as estimated by AAC) could have high
IL-6 levels regardless of the CAC scores, and this could influence the association between
CAC and IL-6. This speculation was supported by the fact that after removing AAC from the
multiple regression model, the association between IL-6 and CAC was no longer significant
(p= 0.11). When we dichotomized AAC (at the median value of 1217) we noted that the median
CAC was considerably lower in those with lower AAC than for those in the higher AAC group
(p < 0.0001). Furthermore, as shown in Figure 2, mean CAC is significantly different among
the tertiles of IL-6 in those with lower AAC (p=0.03), but not in those with higher AAC
(p=0.76). Similarly, when IL-6 was parameterized as being nested within lower or higher AAC
levels, as shown in Table 3, after adjustment for age, diabetes duration, ethnicity (non-Hispanic
whites vs. others), HbA1c and hypertension, the association between IL-6 and CAC remained
statistically significant (p= 0.03) in those with lower AAC (below the median) but not (p=
0.86) in those with higher AAC (above the median).
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4. Discussion
This study demonstrated that despite high levels of markers of systemic inflammation in T2DM
patients, the inflammatory marker IL-6 but not CRP or Lp-PLA2 was associated with CAC.
The association between IL-6 and CAC remained significant after adjustment for other
traditional cardiovascular risk factors. In order to avoid overfitting of the regression model, we
limited the total number of predictor variables tested in any regression model. We therefore
presented a final relatively parsimonious model comprised of the most relevant variables.
However, other variables, not included in this final model, such as BMI, waist circumference,
cigarette smoking, medication use, and lipid levels were also evaluated in similar multiple
regression models and were not found to be significantly associated with CAC nor to
appreciably change the model results (Supplemental Table).

It was also notable that this association was substantially more evident in those with less
extensive systemic atherosclerosis. As shown in Figure 2, CAC generally increased with
increasing IL-6 in those with lower AAC, while the IL-6: CAC relationship was much less
obvious in those with higher AAC. Similar results were obtained when other cut-offs for AAC
(such as tertiles of AAC or a commonly used clinical cut-off score of 1000) were used to divide
the groups into low and high categories. In fact, the interaction effect between AAC and IL-6
was observed using dichotomized AAC (low/high) categories and IL-6 as tertiles, quartiles or
a continuous variable (data not shown). As described above and demonstrated in Figure 2,
stratifying subjects by lower AAC values identified subjects with substantially lower CAC
values, with median or geometric mean values 10–20 times lower than in those with higher
AAC values. This is consistent with many studies which indicate that aortic calcification
usually precedes coronary artery calcium deposition[20].

One may speculate that the group with lower CAC and lower AAC may represent those with
earlier stages of atherosclerosis, in which ongoing formation of new plaque and higher
inflammatory activity is present, thus displaying the stronger relationship with IL-6. In contrast,
the group with higher AAC presumably includes many individuals with extensive and more
advanced atherosclerosis. Much of the calcium deposition in these advanced lesions may reflect
vascular healing and remodeling, leading to more stable plaque and less ongoing vascular
inflammation, and may not contribute to further elevation of plasma inflammatory markers.

The limitations of this study also need to be considered. As this was a cross-sectional study, it
is not possible to draw conclusions about causal relationships and the direction of this
association between IL-6 and CAC. Although IL-6 has been found to predict future CVD events
[21], it is certainly possible that the association may have resulted from IL-6 being released
from the artery wall as a consequence of plaque formation. In addition, T2DM is commonly
associated with a cluster of risk factors, such as obesity, hyperglycemia, insulin resistance and
hypertension, as well as with derangements of the immune system [8,22,23] that contribute
individually or in combination to the high risk of both atherosclerosis and a heightened level
of systemic inflammation. Many inflammatory markers, such as IL-6, are produced not only
by a variety of vascular cell types [24,25] but also by myocardial cells [26] and adipose tissue
[27]. Thus, with so many potential contributing metabolic factors and nonvascular sources of
inflammation, discerning the relationship between inflammatory markers and coronary
atherosclerosis can be difficult in individuals with T2DM. It is therefore not surprising that not
all inflammatory markers examined were significantly associated with CAC. Although recent
findings suggest that higher plasma concentrations of CRP and Lp-PLA2 mass and activity are
associated with CVD events and plaque vulnerability[2,3], they were not associated with CAC
in our study. The association between Lp-PLA2 (mass and activity) and atherosclerosis per se
in humans has not been well investigated and the association between CRP and atherosclerosis
has been inconsistent[28]. Although IL-6 is a primary stimulus for hepatic CRP production

Saremi et al. Page 5

Atherosclerosis. Author manuscript; available in PMC 2010 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and other inflammatory cytokines, concentrations of IL-6 and CRP may not always change in
parallel. In fact, the correlation between IL-6 and CRP (r= 0.47) in our study, consistent with
other reports[2,29], suggests that IL- 6 accounted for less than 25% of the variation in CRP
levels. Notably, this study only included several potentially relevant inflammatory CVD risk
factors, and there certainly may be other novel factors that may be associated with CAC in
diabetic populations. It is also important to recognize that although EBCT is a highly sensitive
method for detecting vascular calcification and that it strongly related to plaque burden and
CVD events, it is not possible to distinguish between the contribution of intimal vs. medial
calcification to the coronary and abdominal aortic scores. Finally, this cohort was comprised
mainly of men with T2DM in poor control, and these results may not extend to a more diverse
diabetes population.

In summary, our results demonstrate that despite a generally higher level of systemic
inflammation in T2DM, the inflammatory marker IL-6 remained significantly associated with
coronary atherosclerosis, particularly in those subjects with evidence of less systemic
atherosclerosis. The results of this study also raise the possibility that a better characterization
of systemic atherosclerosis may uncover relationships between risk factors and site-specific
atherosclerosis that were not previously appreciated.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Coronary artery calcium levels by tertiles of IL-6
Geometric means and 95% CI are shown for CAC levels by IL-6 tertiles for subjects with all
data available (n =273). P-value= 0.11 from Kruskal-Wallis test.
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Figure 2. Coronary artery calcium levels by tertiles of IL-6 according to AAC levels
Geometric means and 95% CI are shown for CAC levels by tertiles of IL-6 as defined for the
entire group (see Fig. 1).
Panel A: CAC values by tertiles of IL-6 in those with lower AAC (< median value of 1217).
Numbers of subjects in categories I, II and III were 53, 39 and 44, respectively. P-value= 0.02
from Kruskal-Wallis test.
Panel B: CAC values by tertiles of IL-6 in those with higher AAC (≥ median). Numbers of
subjects in categories I, II and III were 38, 51 and 48, respectively. P-value= 0.76 from Kruskal-
Wallis test.
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Table 1
Clinical Characteristics of the Population

Characteristic

Age (years) 61.2 ± 8.9

BMI (kg/m2) 31.4 ± 4.3

Male (%) 94

Non-Hispanic whites (%) 66

Diabetes duration (years) 12 ± 8

Hypertension (%) 78

Statin use (%) 60

TZD use (%) 11

Ever smoker (%) 72

HbA1c (%) 9.3 ± 1.4

Total cholesterol/HDL cholesterol 5.2 ± 1.8

CAC score 274 (23 – 875)

AAC score 1217 (184 – 4018)

CRP (mg/L) 2.9 (1.3 – 5.7)

Lp-PLA2 (ng/mL) 292 (241 – 351)

IL-6 (pg/mL) 3.1 (2.1 – 4.6)

Data are presented as mean ± SD, median (25%–75%) or percent (%).

BMI: body mass index; TZD: thiazolidinedione; HbA1c: hemoglobin A1c; HDL: high density lipoprotein; CAC: coronary artery calcium; AAC: abdominal
aortic calcium; CRP: high sensitivity C reactive protein; Lp-PLA2: lipoprotein-associated phospholipase A2; IL-6: interleukin-6.
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Table 2
Univariate relationship between dependent variable Ln (CAC+1) and independent variables

Independent Variable β SE of β P-value

Age (years) 0.12 0.02 < 0.01

BMI (kg/m2) 0.01 0.04 0.68

Waist circumference (cm) 0.02 0.01 0.11

Non-Hispanic whites (vs. others) 1.30 0.31 < 0.01

Diabetes duration (years) 0.08 0.02 < 0.01

Hypertension (yes/no) 1.18 0.37 < 0.01

Statin use (yes/no) 0.72 0.31 0.02

TZD use (yes/no) 0.27 0.49 0.58

Ever smoker (yes/no) 0.37 0.34 0.28

HbA1c (%) −0.42 0.11 < 0.01

Total cholesterol/HDL cholesterol −0.01 0.09 0.94

AAC score 0.00036 0.000036 < 0.01

CRP (mg/L) −0.04 0.04 0.38

Lp-PLA2 (ng/mL) 0.000052 0.00195 0.98

IL-6 (pg/mL) 0.11 0.06 0.07

BMI: body mass index; TZD: thiazolidinedione; HbA1c: hemoglobin A1c; HDL: high density lipoprotein; CAC: coronary artery calcium; AAC: abdominal
aortic calcium; CRP: high sensitivity C reactive protein; Lp-PLA2: lipoprotein-associated phospholipase A2; IL-6: interleukin-6.
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