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Aims

We sought to examine the relationship between circulating interleukin-6 (IL-6) level and regional left-ventricular (LV)
function among apparently healthy individuals free of cardiovascular disease.
.....................................................................................................................................................................................
Methods
Using magnetic resonance myocardial tagging, we determined peak systolic circumferential strain (Ecc) as a measure
of regional systolic function in 894 asymptomatic participants in the Multi-Ethnic Study of Atherosclerosis. Ecc was
and results
analysed by harmonic phase imaging separately in the LV anterior wall, septum, lateral wall, and inferior wall. Global
Ecc was calculated as the average of Ecc in all myocardial segments. We performed multivariable linear regression to
evaluate the independent associations between log IL-6 and Ecc, after adjusting for demographic features, cardiovascular risk factors, and markers of subclinical atherosclerosis. The inverse relationships between IL-6 and absolute Ecc
were similar in both genders. In multivariable analysis, higher IL-6 level was independently associated with reduced
systolic function (less negative Ecc) in the septum [regression coefficient ¼ 1.03 per unit higher log IL-6, 95% confidence interval (CI) 0.26–1.79, P ¼ 0.008] and inferior wall (regression coefficient ¼ 1.65, 95% CI 0.74 –2.56,
P , 0.001), but not in the anterior wall (P ¼ 0.27) or lateral wall (P ¼ 0.52). Overall, there was an independent
inverse association between IL-6 and global Ecc (regression coefficient ¼ 0.94, 95% CI 0.37–1.51, P ¼ 0.001).
Compared with C-reactive protein, higher IL-6 level demonstrates a stronger independent association with
reduced regional systolic function.
.....................................................................................................................................................................................
Conclusion
In asymptomatic men and women without documented cardiovascular disease, there is a strong, independent, inverse
relationship between IL-6 and regional LV systolic function. These findings suggest that IL-6 may underlie the pathogenetic link between inflammation, LV dysfunction and incipient heart failure. The observed variable relationships
between IL-6 and systolic function across different LV regions warrant further investigations.
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Introduction
The pivotal role of inflammation in cardiovascular disease has been
increasingly recognized.1 Heart failure (HF) is a state of immune
activation and systemic inflammation characterized by increased
circulating levels of various cytokines, including interleukin-6
(IL-6), a pleiotropic cytokine with diverse humoral and cellular
immunomodulatory effects.2,3 Experimental data support the existence of a complex relationship between IL-6 and chronic HF.4 – 8
Accumulating clinical evidence also suggests that IL-6 may
promote the development and progression of left-ventricular
(LV) dysfunction leading to HF.9 – 11 Because coronary artery
disease is a major cause of HF, myocardial ischaemia or infarction
from atherosclerotic plaque rupture may be the causal link
between inflammation and HF.10
Inflammation may also exert a more direct and detrimental
effect on myocardial function.2,3 Although several epidemiological
studies have demonstrated an association between inflammation
and incident HF,9,11 – 13 the precise pathogenetic mechanisms
remain to be elucidated. Cardiac magnetic resonance imaging
(MRI) is considered a reference standard for assessment of LV
structure and function,14 and may provide valuable insights into
the intriguing link between inflammation and HF. Furthermore,
magnetic resonance tagging detects subtle changes in regional
myocardial function, which may afford unique pathophysiologic
insights.14,15
Accordingly, we evaluated the association between circulating
IL-6 level and the presence and extent of regional and global LV
myocardial dysfunction as measured by MRI tagging, among asymptomatic participants in the Multi-Ethnic Study of Atherosclerosis
(MESA). We hypothesized that IL-6 level is inversely correlated
with regional and global LV function independent of other established cardiovascular risk factors, among individuals without
known cardiovascular disease.

Methods
MESA is a prospective, community-based cohort study designed to
investigate the pathogenetic mechanisms of subclinical cardiovascular
disease development and progression in asymptomatic individuals.
The design and methodology have been previously published,16 and
are briefly described herein. Between July 2000 and September
2002, MESA recruited 6814 men and women of four ethnic groups
(non-Hispanic white, African American, Hispanic, and Chinese), aged
45 – 84 years, from six US participating field centres (Wake Forest University, Winston Salem; Columbia University, New York; Johns
Hopkins University, Baltimore; University of Minnesota, Minneapolis;
Northwestern University, Chicago; and University of California, Los
Angeles). Eligible individuals had no known cardiovascular disease at
enrolment. At study entry, all participants underwent a comprehensive
baseline evaluation that included a medical history, physical examination, and laboratory investigations. Of the entire MESA cohort, this
present study examined a subset of 894 participants from all six field
centres for an ancillary study of tagged MRI who had analysable
tagging data and IL-6 measurement (290 participants were excluded
due to incomplete data). The institutional review board at each
centre approved the study protocol, and all participants provided
written informed consent.
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Cardiac magnetic resonance imaging
Details of the cardiac MRI protocol have been described.17 All cardiac
MRI examinations were performed using 1.5T whole-body scanners
[Signa (LX and Cvi) General Electric Medical Systems, Waukesha,
WI, and Siemens Medical Solutions (Vision and Sonata, Erlangen,
Germany)] with phase-arrayed coils and electrocardiographic gating.
All images were obtained during expiratory breath-hold. Cine images
were acquired using segmented k-space fast spoiled gradient-echo
(SPGR or FLASH). Short-axis, four-chamber, and two-chamber cine
images were prescribed according to a standardized protocol, with
temporal resolution maintained at 50 ms or less.
After completion of the cine imaging, tagged images of three shortaxis slices (covering the LV base to apex) were obtained. Parallel stripe
tags were prescribed in two orthogonal orientations using a fast gradient echo sequence with spatial modulation of magnetization (SPAMM).
Typical imaging parameters were: field of view 40 cm; slice thickness
8 – 10 mm; tag spacing 7 mm; repetition time 6 ms; echo time 3.0 ms;
4 – 9 phase encoding views per segment to yield a temporal resolution
of 20 – 41 ms.

Image analysis
Left-ventricular structural parameters (mass, end-diastolic, and endsystolic volumes) and ejection fraction were calculated using a standard
commercially available software (MASS 4.2, MEDIS, Leiden, The
Netherlands).
Regional myocardial systolic function was analysed by harmonic
phase imaging. Harmonic phase imaging is a validated technique for
rapid determination of myocardial strain.18 Regional peak systolic circumferential strain (Ecc) was analysed in the mid-wall layer of each
of the four LV walls (septal, anterior, inferior, and lateral) at the
basal, mid-cavity, and apical levels of the LV (Figure 1). A previous
study has demonstrated good inter-observer and intra-observer reproducibility for measurement of peak Ecc.19 We computed average systolic strain for each of the four LV walls (at the basal, mid, and apical
levels), and overall for all 12 segments in the LV (global Ecc).

Determination of cardiovascular risk factors
Hip and waist circumferences were measured at the baseline examination. Participants completed a questionnaire including family history,
medication use, and smoking status, which was classified as currently
smoking, formerly smoked, or never smoked. Blood pressure was
measured three times in the seated position, and we used the
average of the second and third measurements for this study. We
defined hypertension as diastolic blood pressure 90 mmHg, systolic
blood pressure 140 mmHg, or receiving treatment for hypertension.
Heart rate was monitored and recorded during the cardiac MRI examination. Plasma glucose, triglycerides, total cholesterol, and
HDL-cholesterol levels were determined after a 12 h fast. We
defined diabetes as fasting plasma glucose 126 mg/dL and/or use of
anti-hyperglycaemic treatment.

Measurements of inflammatory biomarkers
and subclinical atherosclerosis
Before the exam, participants were instructed to fast for 12 h, and to
refrain from smoking or strenuous exercise. Blood samples were
stored at 280C until analysed. Interleukin-6 was measured using an
ultra-sensitive ELISA (Quantikine HS Human IL-6 Immunoassay, R&D
Systems, Minneapolis, MN; inter-assay coefficient of variation 6.3%),
and C-reactive protein by a high-sensitivity assay (N High-Sensitivity Creactive protein, Dade Behring, Deerfield, IL; inter-assay coefficient of
variation 2.1– 5.7%).
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Figure 1 Myocardial circumferential shortening strain curves (% strain on y-axis; time in milliseconds on x-axis) showing normal Ecc (top
panel) and reduced Ecc (bottom panel) in the anterior wall, septum, inferior wall, and lateral wall.

Study participants underwent high-resolution B mode ultrasonography of the carotid arteries. A blinded core laboratory measured the
maximal intima– media thickness of near and far walls of the internal
carotid arteries, and calculated the mean of the left and right sides.
Coronary artery calcium score was determined with either a cardiacgated electron-beam computed tomography scanner or a multidetector computed tomography system. Participants had two scans,
and we used the average phantom-adjusted Agatston score (derived
from plaque densities and areas) in all analyses.

Statistical analysis
Continuous variables are reported as median and interquartile ranges
(IQR), and categorical variables as frequencies or percentages; Kendall
tau-b and x2 for trend were used to test for trends across ordinal
groups (IL-6 quartiles), respectively.
We log-transformed IL-6 and C-reactive protein levels for analysis,
because of their skewed distributions. We constructed multiple
linear regression models to examine the independent relationships
between IL-6 and (i) LV structural parameters (LV end-diastolic and
LV end-systolic volumes), (ii) global LV function (LV ejection fraction),
and (iii) each of the regional myocardial functional parameters (systolic
Ecc of the LV anterior, septal, lateral, and inferior walls), and global Ecc
(12-segment-averaged Ecc). By convention, Ecc is negative to represent circumferential shortening. Therefore, a less negative Ecc
(lower absolute value) reflects reduced systolic function (e.g.
Ecc ¼ 212% indicates lower systolic function than Ecc ¼ 216%).
To determine the independent associations between IL-6 levels and
LV structural and functional parameters, we adjusted for other covariates in a hierarchical order in the following multivariable linear
regression models: Model I included demographics variables (age,
gender, ethnicity); Model II included traditional atherosclerotic risk
factors (waist-to-hip circumference ratio, smoking, total cholesterol,
HDL cholesterol, systolic and diastolic blood pressure, and diabetes
status), serum creatinine, and use of anti-hypertensive and lipidmodifying medications, in addition to the all predictor variables in
Model I; and Model III included markers of subclinical atherosclerosis

(carotid intima– media thickness and coronary artery calcification)
and LV mass index, in addition to all the predictor variables in
Model II. We checked the linearity assumption, and examined the variance inflation factors to detect any collinearity in the models.
Because of the known association between inflammatory biomarkers IL-6 and C-reactive protein, we also entered C-reactive
protein into a separate multivariable model to further evaluate the
independent relationship between IL-6 and Ecc. Since higher Creactive protein level is associated with lower regional myocardial systolic function in men but not in women,20 we also tested for interaction effects between IL-6 and gender on regional and global Ecc.
To confirm the robustness of our results, we conducted sensitivity
analyses by substituting body mass index for waist– hip ratio, estimated
glomerular filtration rate for serum creatinine, calcium score of corresponding coronary artery territory for the mean total calcium score,
and by including microalbuminuria (as a dichotomous variable) in the
multivariable models. Finally, we repeated the analyses by assigning
the myocardial segments to the three coronary artery territories
according to the 17-segment model. We performed statistical analysis
using SPSS (version 15.0, SPSS, Inc., Chicago, IL), and considered twosided P-values ,0.05 to be significant.

Results
In this study cohort of 894 participants, the median age was 67
(IQR: 59–74) and 44.6% were women. Compared with the
remaining MESA cohort, the present study included older subjects
and a higher proportion of men, with a higher prevalence of hypertension, higher systolic blood pressure, and higher Agatston coronary calcium score. The prevalence of diabetes and levels of lipid
profile, C-reactive protein, and carotid intima–media thickness
were similar between the two groups.
Overall, the median IL-6 level was 1.30 pg/mL (IQR: 0.87–1.98);
women had higher IL-6 levels compared with men (median¼1.47
vs. 1.23, respectively, P , 0.001). Diabetes and hypertension were
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also associated with higher IL-6 levels (both P  0.001). Table 1
shows the baseline demographic characteristics of the study participants, according to quartiles of IL-6 levels. Subjects with
higher IL-6 levels were older, more likely to be female, and had
a higher prevalence of hypertension, diabetes, and family history
of myocardial infarction. In addition, they had higher systolic
blood pressure and waist – hip circumference ratio, lower HDL
cholesterol, and higher fasting glucose, C-reactive protein,
carotid intima –media thickness, and Agatston coronary calcium
score (all P for trend , 0.001).
Table 2 summarizes the regional and global systolic strain (Ecc)
measurements by IL-6 quartiles. Higher IL-6 levels were associated
with reduced systolic function in the septum and inferior wall. The
relationships were weaker and not significant in the anterior wall
and lateral wall. Overall, global Ecc showed a significant positive
correlation with IL-6 level (P , 0.001).
Table 3 presents the results of multivariable analysis. The independent relationships between IL-6 and Ecc did not differ by
gender (P for interaction .0.25 for all regional and global Ecc)
or race. The positive associations between IL-6 level and Ecc in
the septum and inferior wall were maintained after controlling
for age, gender, and ethnicity (Model I). Inclusion of cardiovascular
risk factors and medication use into model II did not substantially
attenuate these associations. Finally, the results remained essentially unchanged after further adjustment for markers of atherosclerosis, namely, carotid intima –media thickness and Agatston
coronary calcium score, and LV mass index (Model III). In contrast,
there were no significant relationships between IL-6 and Ecc in the
anterior wall and lateral wall. The model R and adjusted R 2 were
0.36 and 0.11, respectively, for global Ecc.
All three models demonstrated a strong independent positive
association between global Ecc and IL-6 level (Table 3). We
obtained similar results in the sensitivity analyses using body
mass index, estimated glomerular filtration rate, microalbuminuria,
coronary artery calcium score for the corresponding territory, or
LV mass index in the multivariable models. The independent
associations between IL-6 and Ecc were observed in the left
anterior descending (P ¼ 0.013) and right coronary artery (P ¼
0.005) territories, but not in left circumflex artery territory (P ¼
0.24).
There was a moderately strong, positive correlation between
plasma C-reactive protein and IL-6 levels (Kendall t-b correlation
coefficient ¼ 0.34, P , 0.001). When log- C-reactive protein was
also entered to model III, IL-6 retained an independent association
with global Ecc (regression coefficient ¼ 0.75 per 1-unit log IL-6,
95% CI 0.12–1.38, P ¼ 0.019), and was a stronger predictor than
C-reactive protein (regression coefficient ¼ 0.31 per 1-unit log Creactive protein, 95% CI 20.06–0.69, P ¼ 0.10).
Interleukin-6 was not significantly associated with LV enddiastolic volume, LV end-systolic volume, and LVEF after adjusting
for variables in Models I, II, and III (data not shown).

Discussion
There are three key findings in this study of asymptomatic individuals without known cardiovascular disease. First, higher plasma IL-6
levels were independently associated with reduced regional
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systolic function after controlling for demographic characteristics,
cardiovascular risk factors, and markers of subclinical atherosclerosis. Second, compared with another related inflammatory marker
C-reactive protein, IL-6 showed a stronger, independent, inverse
relationship with regional systolic function in both men and
women. Third, there was considerable variability in associations
of IL-6 and Ecc by LV region, with significant correlations only in
the LV septum and inferior wall.
Experimental and animal data have implicated a causative role of
IL-6 in cardiomyocyte hypertrophy and apoptosis,7,21 adverse LV
remodelling,4 and progression to HF.5 IL-6 exerts a negative inotropic effect on cardiac myocytes by augmentation of nitric
oxide and peroxynitrite formation,22 – 24 and by inhibition of sarcoplasmic reticulum Ca-ATPase (SERCA2).25 Transgenic mice overexpressing both IL-6 and IL-6 receptors exhibit pathological
cardiac hypertrophy.4 Subcutaneous administration of recombinant
human IL-6 in rats leads to pulmonary oedema, dose-dependent
ventricular dilatation, reduced end-systolic pressure, and myocardial contractility.5
Clinical studies have corroborated these experimental findings.
For example, serum with markedly elevated IL-6 levels from
patients with septic shock can depress myocyte contractile function in vitro.6,8 Circulating IL-6 level and myocardial IL-6 expression
are increased in donor human hearts, more profoundly in those
unsuitable for transplant because of myocardial dysfunction.26
Compared with healthy controls, IL-6 levels are elevated in both
HF patients and asymptomatic patients with LV dysfunction.27,28
In patients with chronic HF, IL-6 level correlates with the severity
of HF,29 and confers incremental prognostic information beyond
LVEF and norepinephrine level.30 Similar observations have been
made in patients with advanced HF and acute decompensated
HF.31 – 34 Finally, administration of proven medical therapies for
HF is associated with a decline in circulating IL-6 level.30,35
Several epidemiological studies also support the notion that IL-6
is a risk marker of incident HF.9 – 12 In a nested case –control study
of apparently healthy men in the Physicians’ Health Study, Ridker
et al.10 demonstrated that elevated IL-6 levels were associated
with an increased risk of future myocardial infarction. As a
leading cause of HF, coronary artery disease may be a crucial intermediate step in the causal pathway linking IL-6 to overt HF. In the
Framingham Heart Study of 732 elderly subjects free of prior myocardial infarction and HF, Vasan et al.9 found that IL-6 was a powerful predictor of HF over a mean follow-up of 5.2 years.
Furthermore, stepwise regression analysis identified IL-6 as a
better HF predictor than C-reactive protein, although the study
utilized a low-sensitivity C-reactive protein assay.9 Similarly, in
the larger MESA and Health, Aging and Body Composition
studies, baseline IL-6 levels independently predicted new onset
HF.11,12 Yet, elucidation of the precise pathophysiological role of
IL-6 in the development and progression of HF was beyond the
scope of these seminal epidemiological studies.
To the best of our knowledge, the present study is the first to
investigate the relationship between IL-6 level and regional LV
function in apparently healthy humans. Subjects with elevated
IL-6 levels had a higher prevalence of traditional cardiovascular
risk factors that are associated with subtle alterations in LV structure and function.36 However, adjustment for these confounding

Plasma interleukin-6 level

........................................................................................................................................................
First quartile (n 5 224)

Second quartile (n 5223)

Third quartile (n 5224)

P-value for trend

Fourth quartile (n 5223)

.............................................................................................................................................................................................................................................
Age, yearsa

65 (56,70)

66 (58,72)

67 (61,75)

69 (62,75)

,0.001

Men, %

67.0

53.8

54.0

46.6

,0.001

Caucasian
Asian

37.0
12.5

33.2
8.1

36.2
4.0

30.5
6.7

African American

26.8

26.5

29.0

26.5

Hispanic

22.8

32.3

30.8

36.3

.............................................................................................................................................................................................................................................
Ethnicity, %
0.016b

.............................................................................................................................................................................................................................................
Smoking status, %
Never

57.0

48.0

51.6

49.1

Former

35.9

39.5

33.0

41.0

Current

7.2

12.6

15.4

9.9

36.0
7.1

46.4
12.1

48.3
17.4

48.3
16.1

0.069b
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Table 1 Baseline characteristics of the study participants according to plasma interleukin-6 quartiles

.............................................................................................................................................................................................................................................
Family history of myocardial infarction, %
Diabetes mellitus, %

0.01
0.001

Hypertension, %

35.3

45.3

52.7

58.7

,0.001

Anti-hypertensive medication, %
Lipid-modifying medication, %

33.5
19.2

35.4
17.5

43.8
20.5

50.7
20.6

,0.001
0.54

Waist –hip circumference ratioa

0.92 (0.88,0.96)

0.95 (0.89,0.99)

0.95 (0.90,0.99)

0.96 (0.91,1.00)

,0.001

Heart rate, b.p.m.a
Systolic blood pressure, mmHga

60 (55,67)
121 (112,134)

62 (57,68)
127 (113,139)

62 (55,69)
128 (116,141)

64 (57,70)
129 (117,149)

0.006
,0.001

Diastolic blood pressure, mmHga

73 (66,79)

72 (65,79)

72 (65,79)

71 (64,78)

Fasting glucose, mg/dLa
Total cholesterol, mg/dLa

89 (84,98)
192 (169,213)

92 (85,101)
200 (178,213)

93 (87,101)
191 (172,215)

95 (87,103)
189 (166,212)

LDL-cholesterol, mg/dLa

114 (96,130)

121 (99,142)

118 (97,131)

115 (95,135)

0.77

HDL-cholesterol, mg/dLa
Triglycerides, mg/dLa

52 (42,62)
95 (68,152)

50 (41,61)
115 (77,166)

47 (39,59)
115 (78,162)

46 (39,57)
117 (82,163)

,0.001
0.04

Total cholesterol: HDL ratioa

3.64 (2.97,4.50)

4.07 (3.19,4.93)

4.00 (3.24,4.79)

4.09 (3.33,4.94)

0.001

Creatinine, mg/dLa
C-reactive protein, mg/La

1.0 (0.8,1.1)
0.86 (0.49,1.67)

0.9 (0.8,1,1)
1.69 (0.76,3.09)

0.9 (0.8,1.1)
2.47 (1.19,4.70)

0.9 (0.8,1.1)
3.58 (1.78,7.55)

0.56
,0.001

Carotid intima–media thickness, mma

0.75 (0.60,1.02)

0.84 (0.66,1.29)

0.98 (0.70,1.27)

1.00 (0.69,1.60)

,0.001

Agatston coronary artery calcium scorea

0 (0,71)

9 (0,216)

26 (0,227)

28 (0,213)

,0.001

0.26
,0.001
0.18

a

Median (25th, 75th percentiles).
P-value for Pearson x2 test (instead of P-value for trend).

b
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Peak regional and global systolic Ecc by interleukin-6 quartiles
Plasma interleukin-6 level

..............................................................................................................................
First quartile
(n 5224)

Second quartile
(n 5223)

Third quartile
(n 5224)

P-value for
trend

Fourth quartile
(n 5223)

...............................................................................................................................................................................
Anterior wall Ecc

217.83 + 0.23

217.71 + 0.22

217.39 + 0.26

217.39 + 0.21

0.089

Septum Ecc
Inferior wall Ecc

216.16 + 0.19
214.30 + 0.23

215.56 + 0.21
213.66 + 0.23

215.70 + 0.21
213.34 + 0.25

215.20 + 0.21
213.26 + 0.25

0.005
0.001

Lateral wall Ecc

220.11 + 0.21

219.65 + 0.19

219.47 + 0.20

219.77 + 0.19

0.089

Global Ecc

217.15 + 0.14

216.70 + 0.15

216.55 + 0.16

216.44 + 0.15

,0.001

Data shown as mean + standard error of mean.

Table 3 Relationship between regional and global systolic Ecc and log-interleukin-6 levels after adjustment for
demographic characteristics (model I); demographic characteristics and risk factors (model II); demographic
characteristics, risk factors, and markers of atherosclerosis
Model I

Model II

................................................ ................................................
Regression coefficient
(95% CI)a

P-value

Regression coefficient
(95% CI)a

P-value

Model III

................................................

Regression coefficient
(95% CI)a

P-value

...............................................................................................................................................................................
Anterior wall Ecc

0.52 (20.34–1.38)

0.24

0.47 (20.41– 1.35)

0.29

0.51 (20.39–1.41)

Septum Ecc
Inferior wall Ecc

1.10 (0.34– 1.85)
1.43 (0.55– 2.30)

0.005
0.001

0.86 (0.09–1.63)
1.39 (0.49–2.29)

0.029
0.003

1.03 (0.26–1.79)
1.65 (0.74–2.56)

0.27

Lateral wall Ecc

0.16 (20.59–0.91)

0.67

0.18 (20.60– 0.95)

0.65

0.26 (20.53–1.05)

0.52

Global Ecc

0.90 (0.34– 1.45)

0.002

0.81 (0.25–1.38)

0.005

0.94 (0.37–1.51)

0.001

0.008
,0.001

Model I included demographics variables (age, gender, ethnicity); Model II included traditional atherosclerotic risk factors (smoking, cholesterol profile, blood pressure and
diabetes status), serum creatinine, and use of anti-hypertensive and lipid-modifying medications, plus all the predictor variables in Model I; and Model III included markers of
subclinical atherosclerosis (carotid intima –media thickness and coronary artery calcification) and LV mass index, plus all the predictor variables in Model II.
a
Regression coefficients represent the adjusted differences in Ecc per 1 unit higher log IL-6 (pg/mL). Because Ecc is negative by convention, positive regression coefficients indicate
worse systolic function (i.e. lower absolute value of Ecc).

risk factors had a negligible impact on the associations between
IL-6 and regional systolic function, lending credence to the
concept that IL-6 may have a direct detrimental effect on LV function. Our results furnish novel and unique pathophysiological
insights that IL-6 may be directly involved early in the pathogenesis,
which complement the clinical observations regarding IL-6 in epidemiological studies of healthy subjects and studies of selected
HF patients.9,10,28,30 Moreover, our study underscores the
discrepancies between regional LV functional parameters and
conventional measures of LV function (such as LV ejection
fraction)—the latter may be insensitive to the earliest deterioration in myocardial function.17
The regional differences we observed in association of IL-6 with
LV function are intriguing. Previous MESA studies also documented
regional differences in the association between risk factors, myocardial perfusion, and Ecc.37 – 39 For example, carotid intima–
media thickness is only weakly correlated with Ecc in the anterior
wall.38 Rosen et al. 20 reported that the relationship between Creactive protein and Ecc was weaker in the right coronary artery
territory, compared with the left anterior descending artery and
left circumflex artery territories. These results were unchanged

after adjusting for coronary calcium scores in the corresponding
regions, suggesting that such differences may not be due to different atherosclerotic burden. Accordingly, in the present study, we
examined the myocardial segments without assigning them to coronary artery territories. Of note, further adjustment of carotid
intima –media thickness and coronary artery calcium score (for
the corresponding coronary territories, or the mean) did not influence the associations (Model II vs. Model III) between IL-6 and LV
septum Ecc, inferior Ecc and global Ecc. It is not clear whether
these observations reflect regional differences in myocardial susceptibility to inflammatory insults and deleterious neurohormonal
effects. Signal-to-noise ratio may be lower in the lateral wall,
thereby compromising the accuracy of Ecc measurement, but
this would not explain the non-significant association between
IL-6 and Ecc in the anterior wall. Although inadequate statistical
power remains possible, the strong independent relationships in
the LV septum and inferior wall which were not attenuated after
adjustment for multiple confounders, in contrast to the much
weaker relationships in the anterior and lateral walls, suggest that
these may not merely be chance findings, and potentially
complex pathophysiological mechanisms should be explored.
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Although both IL-6 and C-reactive protein are considered
inflammatory markers, they may have distinct and possibly synergistic roles in the pathogenesis of coronary artery disease and
HF.1 Whether C-reactive protein directly promotes atherogenesis
has been a subject of controversy.40 – 42 C-reactive protein is an
acute phase reactant synthesized predominantly in the liver in
response to stimulation by IL-6 and other cytokines. While we
observed a moderate positive correlation between C-reactive
protein and IL-6, the latter turned out to be a stronger independent predictor of regional systolic function. Thus, together with
prior experimental data,2,3 our findings raise the interesting
hypothesis that IL-6 or other inflammatory mediators may underlie
the critical pathogenetic link between inflammation and myocardial
dysfunction.
Several study limitations are noteworthy. First, due to the
potentially selective enrolment of MESA participants in this MRI
tagging substudy, our study cohort was not a true populationbased sample. Although MRI tagging has inferior temporal resolution compared with echocardiography and other technical limitations, it is widely accepted as a valid and useful tool to assess
myocardial mechanical function.14,15 In the absence of global LV
dysfunction or clinically evident HF, the long-term prognostic significance and therapeutic implications of regional LV systolic dysfunction remain to be determined. Nonetheless, the present
study affords new pathophysiological insights. Our cross-sectional
analyses precluded evaluation of the temporal profiles of IL-6
and Ecc and any reliable causal inferences. Serial MRI and longitudinal clinical follow-up in MESA will likely shed light on these important issues. The intra-individual variability in IL-6 measurement
might have weakened the observed relationship with regional systolic function.43 Finally, the modest model R 2 indicates that IL-6
and other traditional cardiovascular risk factors account for only
a small proportion of variance in Ecc. However, this is biologically
plausible, and the model R 2 may be considerably underestimated
by the inclusion of only healthy individuals in MESA (i.e. a relatively
narrow range of IL-6 and Ecc in our sample). The strengths of this
study are the relatively large sample of subjects from four ethnic
groups, standardized and rigorous methods of data collection,
and the use of a validated software in a blinded core laboratory
with extensive experience in MRI tagging.18,19
In conclusion, there is an independent inverse relationship
between IL-6 and regional LV systolic function measured by MRI
tagging. This association is strong and consistent in both men
and women, even after controlling for multiple confounders including C-reactive protein. The differences in association of IL-6 and
systolic function in different LV regions deserve further study.
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