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Abstract

The separate roles of inflammation and insulin resistance (IR) in the pathogenesis of cardiovascular
disease (CVD) are well recognized. We investigated whether presence of inflammation would modify
coronary artery disease (CAD) risk prediction in subjects with or without IR. Insulin, glucose, CRP
and fibrinogen levels were determined in 317 Caucasians and 222 African Americans undergoing
diagnostic coronary angiography. Extent of CAD was defined by a composite score (0-75). The
overall prevalence of IR (HOMA-IR>3.0) in Caucasians and African Americans was 32.5% and
22.9%, respectively (P<0.05). The degree of CAD (composite score) was higher in subjects with IR
(20.7 vs. 14.5, P=0.014 and 20.1 vs. 13.1, P=0.031 for Caucasians and African Americans,
respectively), and in a multiple regression model IR was an independent predictor for CAD in both
groups. In both ethnic groups, subjects with a combination of IR and high CRP (>3 mg/L) had
significantly higher composite score compared to those with no IR and low CRP (<3 mg/L) (21.2
vs. 13.9, P<0.05 and 20.9 vs. 10.2, P<0.05 for Caucasians and African Americans respectively).
Similarly, the composite score was significantly higher in subjects with IR and high fibrinogen (=340
mg/dl) compared to those with no IR and low fibrinogen. In conclusion, elevated levels of
inflammatory markers were positively associated with IR. Further, a combination of IR and
inflammation resulted in a higher degree of CAD in both Caucasians and African Americans. The
results suggest that inflammation may potentiate the cardiovascular risk factor role of IR.
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INTRODUCTION

Insulin resistance is a major risk factor for type 2 diabetes mellitus, and is associated with
cardiovascular disease (CVD) risk factors including obesity, hypertension, and dyslipidemia
[1,2]. Insulin resistance and related metabolic conditions are becoming increasingly common.
Notably, a substantial proportion of apparently healthy people are reported to be insulin
resistant [3]. So far, the association of insulin resistance with CVD independent of classic risk
factors have been inconsistent. Further, insulin resistance is associated with several
nontraditional CVD risk factors, such as markers of coagulation, systemic inflammation,
oxidative stress, subclinical vascular disease and plasma adipokine levels [4-6].

The role of inflammation in the pathogenesis of CVD is well recognized. Inflammation
contributes to all phases of atherosclerosis, from fatty streak initiation, growth, and
complication of the atherosclerotic plague to CVD events [7]. Clinical and epidemiological
studies across different ethnic groups have substantiated an association between inflammation
and insulin resistance [8-10]. In view of these results, a recent report from the Third National
Health and Nutrition Examination Survey (NHANES) concluded that elevated levels of
inflammatory markers such as CRP and fibrinogen were positively and independently
associated with insulin resistance [11]. The underlying mechanisms for the risk factor role of
insulin resistance are not fully known. Possible mechanisms include activation of pro-
inflammatory signaling pathways, and subsequently insulin resistance has been recognized as
a pro-inflammatory condition.

However, the issue whether cardiovascular risk prediction in subjects with or without insulin
resistance would vary depending on the degree of inflammation across ethnicity is unresolved.
Therefore, the purpose of this study was to investigate the potential synergistic effect of insulin
resistance and inflammation in the assessment of coronary artery disease (CAD) risk in two
ethnic groups with varying degree of cardiovascular risk factors.

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 clinical characteristics of the study population and
the study design including inclusion and exclusion criteria have been described previously,
and notably, exclusion criteria included use of lipid lowering drugs and hormone replacement
treatment [12-14]. Briefly, a total of 648 patients, self-identified as Caucasians (n=344),
African American (n=232) or Other (n=72) were enrolled. The present report is based on the
findings in 539 of the 576 Caucasian and African American subjects (317 Caucasians, 222
African Americans); 37 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 assessments

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 in the morning approximately 2 to 4 hours
before the catheterization procedure. Serum and plasma samples were separated and stored at
—80°C prior to analysis. Concentrations of triglycerides (Sigma Diagnostics, St. Louis, MO),
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total and HDL cholesterol and glucose (Roche, Sommerville, NJ) were determined using
standard enzymatic procedures. HDL cholesterol levels were measured after precipitation of
apoB-containing lipoproteins with dextran sulfate. High-sensitivity CRP levels were measured
using an enzyme-linked immunoabsorbent assay, standardized according to the World Health
Organization First International Reference Standard [15,16]. Fibrinogen levels were measured
by the clot-rate method of Clauss [17]. All biochemical assessments were made in duplicate.
Homeostasis model assessment — insulin resistance (HOMA-IR) was calculated using the
updated model available from the Oxford Centre for Endocrinology and Diabetes [18]. Insulin
resistance defined as HOMA-IR >3.0.

Coronary angiography

Statistics

RESULTS

The coronary angiograms were read by 2 experienced readers blinded to patient identity, the
clinical diagnosis, and laboratory results. The readers recorded the location and extent of
luminal narrowing for 15 segments of the major coronary arteries [19]. In the present study,
patients were classified as having CAD if a stenosis of >50% was found in at least one of the
segments. Patients without CAD were defined as having <50% stenosis in all of the segments.
Of the patients without CAD, the majority (80.5%) had <25% stenosis, and of the patients with
CAD, 81% had >75% stenosis. A composite cardiovascular score (0-75) was calculated based
on determination of presence of stenosis on a scale of 0-5 of the 15 predetermined coronary
artery segments.

Analysis of data was done with SPSS statistical analysis software (SPSS Inc, Chicago, IL).
Results were expressed as means + SD. All variables were assessed for normality and were
log (base e) transformed as appropriate. Thus, triglyceride, CRP, HOMA-IR levels and the
cardiovascular score were logarithmically transformed to achieve normal distributions.
Proportions were compared between groups using 2 analysis, and Fisher exact test where
appropriate. Group means were compared using Student's t-test. CRP and fibrinogen levels
were dichotomized as high and low groups (CRP <3 vs. >3 mg/L, fibrinogen < 340 vs. >340
mg/dl, respectively) based on common practice from previous studies [20,21]. Age, gender
and BMI adjusted Spearman partial correlation coefficients were calculated for markers of
insulin resistance (fasting insulin and HOMA-IR) and inflammatory markers (CRP and
fibrinogen) across ethnicity. Standardized HOMA-IR quartiles were calculated and HOMA.-
IR quartiles for Caucasians were defined as: <1.24; 1.25-1.99; 2.00-3.49; >3.50, and for
African Americans were <1.19; 1.20-1.89; 1.90-2.89; >2.90, respectively. One-way ANOVA
was used to compare mean levels of independent variables across HOMA-IR quartile groups,
and post hoc analyses were performed by Tukey’ honest significant difference test. Multiple
linear regression analyses were applied to assess the association of cardiovascular risk factors
with the composite cardiovascular score, an integrated measure of the degree of stenosis of the
15 measured coronary artery segments. All analyses were two-tailed, and P-values less than
0.05 were considered as statistically significant.

Characteristics of the subjects are shown in Table 1. Compared to Caucasians, African
Americans were younger, less obese and had higher diastolic blood pressure. There was no
difference in the levels of total and LDL cholesterol or the composite score between the two
ethnic groups. African Americans had significantly higher levels of HDL cholesterol, CRP and
fibrinogen, and lower levels of triglyceride, glucose, insulin, and HOMA-IR compared to
Caucasians. The overall prevalence of smoking, alcohol consumption and postmenopausal
women were 23 vs. 46%; 44 vs. 28% and 77 vs. 66%, for Caucasians and African Americans
respectively. The frequency distribution curves of HOMA-IR were similar in Caucasians and
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African Americans (Supplemental Figure). However, the overall prevalence of insulin
resistance, as defined by HOMA-IR>3.0, was higher in Caucasians than in African Americans
(32.5% vs. 23.0%, P<0.05) (Figure 1A). An increased degree of CAD (composite
cardiovascular score) was seen in subjects with insulin resistance with a similar pattern in
Caucasians and African Americans (Figure 1B).

The clinical characteristics of the study population across HOMA-IR quartile groups are shown
in Table 2. As seen in the table, there was a significant increase in BMI, glucose and insulin
across HOMA-IR quartiles for both Caucasians and African Americans. Triglyceride levels
were higher in Caucasians, whereas HDL-C levels was significantly lower in both ethnic groups
across HOMA-IR quartiles. The composite cardiovascular score showed a gradual increase
from lowest to highest HOMA-IR quartiles in both Caucasians (8.6-18.5) and African
Americans (7.4-14.0), although the difference did not reach statistical significance in either
ethnic group. A gradual increase in CRP (1.8—-4.5 mg/L) and fibrinogen (308-352 mg/dl) levels
across HOMA-IR quartiles were seen in Caucasians. In contrast, the distribution of CRP levels
was relatively narrow (3.2-4.6 mg/L) across HOMA-IR quartiles among African Americans.

Spearman’s partial correlation coefficients between markers of insulin resistance (fasting
insulin and HOMA-IR) and inflammatory markers (CRP and fibrinogen) adjusted for age,
gender and BMI differed across ethnicity. In Caucasians, both CRP and fibrinogen were
positively correlated with fasting insulin levels (r=0.206, P<0.001; and r=0.196, P=0.001,
respectively) and with HOMA-IR (r=0.209, P<0.001; and r=0.193, P=0.001, respectively). No
such association was seen among African Americans for either fasting insulin or HOMA-IR.

We next analyzed whether presence of inflammation would modulate CAD risk prediction in
insulin resistance. In both ethnic groups, subjects with a combination of insulin resistance
(HOMA-IR) and high CRP levels (>3 mg/L) had significantly higher composite cardiovascular
score compared to those with no insulin resistance and low CRP levels (<3 mg/L) (21+17 vs.
14+15, P<0.05 and 21+18 vs. 10£12, P<0.05 for Caucasians and African Americans
respectively) (Fig 3A and B). Similarly, the composite cardiovascular score was significantly
higher in subjects with insulin resistance and high fibrinogen levels (>340 mg/dl) compared
to those with no insulin resistance and low fibrinogen levels (24+19 vs. 14+14, P<0.05 and 21
+17 vs. 10£11, P<0.05 for Caucasians and African Americans respectively) (Fig 3 C and D).

To identify the independent contributions of each variable we performed multiple regression
analyses. As seen in Table 3, in the overall population, age, gender, smoking, LDL cholesterol,
triglyceride, insulin resistance, and diabetes, but not ethnicity or inflammation (CRP and
fibrinogen) were associated with the cardiovascular score (r?=0.251, F=13.6, P<0.001). As
diabetes status independently predicted CAD, we next did a separate analysis for diabetic and
non-diabetic subjects. Among non-diabetic subjects, triglyceride levels and insulin resistance
were no longer associated with CAD, while in subjects with diabetes insulin resistance
remained an independent predictor of composite cardiovascular score.

DISCUSSION

The main novel finding in our study was that for both Caucasians and African Americans, the
degree of inflammation impacted on CAD risk prediction in subjects with insulin resistance.
For both ethnic groups, compared to subjects without insulin resistance and inflammation, we
found a significant difference in CAD degree for subjects with presence of both insulin
resistance and inflammation.

Insulin resistance is a major risk factor for type 2 diabetes, and is associated with CVD risk
factors such as obesity, hypertension, hypertriglyceridemia and low HDL cholesterol [22].
However, findings from recent prospective studies have questioned whether insulin resistance
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is involved in the pathogenesis of CVD independently of established risk factors [18,23]. The
association of insulin resistance and CVD might be attenuated or potentially confounded by
other risk factors. In this study we performed analyses to assess the independent contribution
of insulin resistance and inflammation in association with CAD as measured by a composite
cardiovascular score. We found higher levels of many established cardiovascular risk factors
in both African American and Caucasian subjects with presence of insulin resistance. Notably,
in both ethnic groups, the more pronounced increase in such levels was seen for the highest
HOMA-IR quartile. Further, both African American and Caucasian subjects with insulin
resistance had significantly higher degree of CAD as measured by the composite cardiovascular
score.

Studies have shown that inflammatory factors such as CRP and fibrinogen play an important
role in the pathogenesis of cardiovascular disease [24-26]. Further, a number of prospective
and clinical studies have demonstrated that inflammation is associated with insulin resistance
[8,9,27-29]. Results from NHANES indicate that elevated levels of inflammatory markers are
positively and independently associated with insulin resistance among the US general
population [11,30]. Studies from Europe [31,32] and Asia [8,9] have also demonstrated a
positive association of insulin resistance and inflammation. Thus, WOSCOPS (West of
Scotland Coronary Prevention Study) showed that CRP predicted the development of type 2
diabetes in middle-aged men independently of established risk factors [31]. Further, a cross-
sectional study from France demonstrated that fibrinogen was independently related to insulin
resistance [32,33]. Insulin resistance is well recognized as a pro-inflammatory state and the
activation of pro-inflammatory pathways contribute to development of insulin resistance. This
suggests that a combination of an active, ongoing inflammatory process and presence of insulin
resistance might act synergistically in promoting coronary risk. Although many studies have
investigated associations of either insulin resistance or inflammation with CVD, it remains to
be established whether the degree of inflammation associated with insulin resistance would
modify cardiovascular risk prediction or extent of cardiovascular disease across ethnicity. In
our study, we found that the presence of inflammation, as detected by increased levels of CRP
and fibrinogen, was associated with insulin resistance in Caucasians, but not in African
Americans. The reasons for lack of an association of insulin resistance with inflammation
among African Americans is unknown and further studies using more in-depth measure are
warranted. However, multiple regression analysis showed that insulin resistance was an
independent predictor of CAD in both groups. Further, we have demonstrated that a
combination of insulin resistance and inflammation resulted in a high risk of CAD in both
African Americans and Caucasians. Our results therefore suggest that a pro-inflammatory
stimulus may potentiate the risk factor role of insulin resistance, and underscore the importance
of a high risk metabolic environment in promoting CAD. In support of this, we recently reported
a synergistic risk factor role of CRP and the metabolic syndrome [34].

We acknowledge some of the limitations of this study. 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 healthy population at large. This may explain the relatively high levels
of CRP and fibrinogen among our subjects. However, none of the patients had a history of
acute coronary symptoms or surgical intervention within 6 months, arguing against any
secondary increase in inflammatory parameters due to an acute CAD. Further, clinical and
laboratory parameters were in agreement with differences generally observed between healthy
African American and Caucasian populations from other studies. However, additional studies
are needed to verify these results other populations, notably, potential confounding effects of
life style e.g. exercise, smoking, alcohol consumption and menopausal status.

In conclusion, for both African Americans and Caucasians elevated levels of inflammatory
markers were positively associated with insulin resistance. Further, a combination of insulin
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resistance and inflammation resulted in a high risk of CAD in both ethnic groups. The results
suggest that inflammation may potentiate the risk factor role of insulin resistance.

Supplementary Material

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

Frequency of insulin resistance (A) and composite cardiovascular score in subjects with and
without insulin resistance (B) across Caucasian and African American ethnicity.
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Combined effect of insulin resistance and the markers of inflammation - CRP (A, B) and
fibrinogen (C, D) on cardiovascular score in Caucasians and African Americans. *: P<0.05
comparison between subjects with IR (HOMA-IR>3.0)/inflammation (CRP>3mg/L, Fib>340
mg/dl) and subjects without IR (HOMA-IR<3.0)/inflammation (CRP<3mg/L, Fib<340 mg/
dl).
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Clinical characteristics of Caucasians and Africans Americans undergoing coronary angiography

TABLE 1
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Characteristics Caucasians (n=317) African Americans (n=222) P-value
Men/Women 200/117 125/97 NS
Hypertension (%) 200(60%) 165(74%) 0.006
Postmenopausal (%) 90(77%) 64(66%) NS
Smoking (%) 76(24%) 102(46%) <0.001
Alcohol (%) 137(43%) 61(28%) <0.001
Anthropometric
Age (yrs) 56.5+10.3 54.6+£9.5 0.037
BMI (kg/m?) 29.616.0 28.5+6.1 0.047
Systolic blood pressure (mm Hg) 125+18 129+19 NS
Diastolic blood pressure (mm Hg) 75+10 78+13 0.005
Metabolic
Total cholesterol (mg/dl) 199+41 196+45 NS
LDL cholesterol (mg/dl) 124435 124+42 NS
HDL cholesterol (mg/dl) 40+12 49+17 <0.001
Triglyceride (mg/dl) 154(115-222) 105(79-142) <0.001
Glucose (mg/dl) 129461 118+45 0.015
Insulin (LU/ml) 15.1(9.2-25.5) 13.8(8.7-21.5) 0.028
HOMA-IR 2.0(1.3-3.5) 1.9(1.2-2.9) 0.010
CRP (mg/L) 2.9(1.4-7.6) 3.9(1.9-10.7) 0.004
Fibrinogen (mg/dl) 328+89 387+115 <0.001
Composite score 12.3(1.7-26.4) 8.6(1.5-24.4) NS

NS, not significant. Data are means + SD or for non-normally distributed variables as median (interquartile range). Group means were compared using

t-test. Values for triglyceride, insulin, HOMA-IR, CRP and composite score, were logarithmically transformed before analyses.
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TABLE 3
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Multiple regression model of CAD on IR, inflammation and established cardiovascular risk factors in Caucasians and

African Americans.

Ethnicity Predictors R2 B P-value
All 0.251 <0.001
Ethnicity -0.01 NS
Age, yrs 0.37 <0.001
Gender, M/F -0.21 <0.001
Hypertension, >130/85 mmHg 0.05 NS
Smoking, Y/N 0.13 0.002
Drink alcohol, Y/N —0.05 NS
Waist, cm -0.04 NS
LDL cholesterol, mg/dl 0.12 0.003
Triglyceride, mg/dl 0.10 0.019
CRP, mg/L 0.02 NS
Fibrinogen, mg/dI 0.004 NS
HOMA-IR 0.10 0.035
NIDDM 0.09 0.040
Non-NIDDM 0.251 <0.001
Ethnicity -0.03 NS
Age, yrs 0.39 <0.001
Gender, M/F —-0.20 <0.001
Hypertension, >130/85 mmHg 0.06 NS
Smoking, Y/N 0.14 0.010
Drink alcohol, Y/N 0.002 NS
Waist, cm 0.04 NS
LDL cholesterol, mg/dl 0.11 0.039
Triglyceride, mg/dl 0.10 NS
CRP, mg/L 0.03 NS
Fibrinogen, mg/dI —-0.009 NS
HOMA-IR —-0.02 NS
NIDDM 0.289 <0.001
Ethnicity 0.02 NS
Age, yrs 0.29 <0.001
Gender, M/F -0.27 <0.001
Hypertension, >130/85 mmHg -0.01 NS
Smoking, Y/N 0.14 0.050
Drink alcohol, Y/N -0.18 0.016
Waist, cm -0.17 0.028
LDL cholesterol, mg/dl 0.16 0.022
Triglyceride, mg/dl 0.14 NS
CRP, mg/L 0.05 NS
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Ethnicity Predictors R? B P-value
Fibrinogen, mg/dI 0.01 NS
HOMA-IR 0.18 0.011

Analyses were performed for logarithmically transformed values for triglyceride, CRP and HOMA-IR.
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