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Low-Grade Inflammation May Play a Role in the Etiology of the Metabolic
Syndrome in Patients With Coronary Heart Disease: The HIFMECH Study

J.S. Yudkin, I. Juhan-Vague, E. Hawe, S.E. Humphries, G. di Minno, M. Margaglione, E. Tremoli, T. Kooistra,
P.E. Morange, P. Lundman, V. Mohamed-Ali, and A. Hamsten, on behalf of the HIFMECH Study Group

isk of coronary heart disease has been related to insulin resistance, but the mechanism for this is incompletely understood.

ariables attributed to insulin resistance are associated with low-grade inflammation. A case-control study was performed

f 469 male myocardial infarction (MI) survivors aged <60 years and 575 control subjects recruited from centers in northern

nd southern Europe. Principal factor analysis was used to explore correlations between insulin resistance and inflammatory

ariables. Three factors resulted: (a) “Metabolic Syndrome” (insulin/proinsulin/ triglyceride/body mass index [BMI]); (b)

Inflammation” (fibrinogen/C-reactive protein [CRP]/interleukin-6 [IL-6]); and (c) “Blood Pressure” (systolic and diastolic

lood pressure). The “Metabolic Syndrome” factor was related to the “Inflammation” factor (largely independently of

besity), the “Blood Pressure” factor, smoking, and south location (all P < .0002). There were significant relationships

etween all 3 factors and case status (P < .0002). Markers of low-grade inflammation are strongly related to metabolic

yndrome variables independently of obesity. This raises the possibility that links between insulin resistance and cardiovas-

ular disease could, in part, represent common consequences of low-grade inflammation.
2004 Elsevier Inc. All rights reserved.

t
f
p
e
c
o
l

i
I
M
m
fl
u
d
t

m
p
p
v
o
c
r
a

S

p
a
r
M
p
h
g
c
w
t
a

Unit,
UK;
r-

oyal
UK;
dale
part-
zino
O,
and

ital,

ntrac
15),
cher-
RC

and
Uni-
N19
NSULIN RESISTANCE has been associated with a number
of cardiovascular risk factors, including dyslipidemia, with

levated levels of triglyceride and low concentrations of high-
ensity lipoprotein (HDL) cholesterol, hypertension1 (the so-
alled metabolic syndrome), and disorders of coagulation and
brinolysis.2-4 Insulin resistance may also represent a cardio-
ascular risk factor in its own right. A meta-analysis has shown
relationship between hyperinsulinemia, a surrogate for insulin

esistance,5-7 and incident coronary heart disease (CHD).8

owever, as well as cause and effect, associations between
yperinsulinemia and CHD could represent consequences of a
ommon antecedent.

Among variables that have been linked with insulin resis-
ance are levels of fibrinogen2,4,9 and C-reactive protein
CRP),4,9,10 hepatic acute phase proteins produced in response
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52
o circulating proinflammatory cytokines, and von Willebrand
actor, a product of activated endothelium.10,11 We have pro-
osed that insulin resistance and endothelial dysfunction may
ach represent the consequence of actions of proinflammatory
ytokines.4 In healthy subjects, adipose tissue is a major source
f these cytokines,4,12 thereby providing a possible mechanism
inking obesity with CHD.13

We have used a study of myocardial infarction (MI) in men
n north and south Europe (HIFMECH [Hypercoagulability and
mpaired Fibrinolytic function MECHanisms predisposing to

I] study) to test the hypotheses that (a) the clustering of
etabolic syndrome variables is related to measures of proin-
ammatory cytokines and acute phase activation; (b) obesity
nderlies the links between inflammatory and metabolic syn-
rome variables; and (c) low-grade inflammation may explain
he increased insulin resistance in patients after MI.

To explore the clustering of metabolic syndrome and inflam-
atory variables and their interrelationships, we have used

rincipal factor analysis, a widely accepted approach for ex-
loring complex interrelationships of numerous interrelated
ariables.14-18 The emphasis in these analyses is on clustering
f inflammatory and metabolic syndrome variables within
ases and controls, as inferences drawn from associations of
isk factors with case status may be unreliable when subjects
re studied after the event.

SUBJECTS, MATERIALS, AND METHODS

tudy Population

Male caucasian survivors of a first MI aged under 60 (excluding
atients with familial hypercholesterolemia and insulin-dependent di-
betes mellitus) and population-based individuals of the same age were
ecruited from 4 centers: Stockholm and London (northern Europe) and

arseille and San Giovanni Rotondo (southern Europe). Consecutive
atients were invited to participate along with randomly selected
ealthy individuals, matched for age, from national registration and
eneral practitioner lists and employment registers from the same
atchment areas. A total of 469 postinfarction patients and 575 controls
ere included. For purposes of comparability of the analyses, only

hose cases that were reported as nondiabetics were included in the
nalysis. Thus, among the cases, we excluded 60 patients (10.8%) with

t

iabetes and 3 (0.5%) with no information on diabetes. There were no

Metabolism, Vol 53, No 7 (July), 2004: pp 852-857
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853INSULIN RESISTANCE, INFLAMMATION, AND AMI
iabetics among the controls (fasting glucose � 7.0 mmol/L). Study
esign has been described elsewhere.19 Blood samples were obtained
fter an overnight fast, in the cases 3 to 6 months after the date of MI.

ssay Methods

Core laboratories performed the biochemical determinations on all
amples from the entire HIFMECH cohort. Assay methods for lipids,
nsulin, and proinsulin have been described.2 Plasma cholesterol and
riglyceride concentrations were measured enzymatically using com-
ercially available reagents (Cobas; Roche Diagnostics, Welwyn Gar-

en City, Herts, UK). CRP was determined with an in-house enzyme
mmunoassay using rabbit antihuman antibodies (X0293) from Dako
iagnostics (Ely, Cambs, UK),20 validated against the International
eference Preparation, with an assay range of 0.15 to 48mg � l�1 and
ith intra-assay and interassay coefficient of variation (CV) of �10%.
ibrinogen was determined by the Clauss thrombin clotting method
sing an automated coagulometer (ELECTRA 1800C Instrumentation
aboratory, Milan, Italy) with intra- and interassay CVs of 4.4% and
.4%. Interleukin-6 (IL-6) was measured by 2-site high sensitivity
nzyme-linked immunosorbent assay (ELISA) (R & D Systems, Oxon,
K) with a detection limit of 0.09 pg/mL and intra- and interassay CVs
f 5.3% and 9.2%. Because correlation coefficients between insulin
oncentrations and homeostasis model assessment estimates of insulin
esistance21 of around 0.99 have been found in previous studies,2,4,22,23

e used the fasting plasma insulin concentration as a surrogate measure
f insulin resistance. This measure has been found to correlate with
ore invasive measures, such as the euglycemic clamp or frequently

ampled intravenous glucose tolerance test with r values of 0.60 to
.76.5-7

tatistical Analysis

The statistical analysis was conducted using SAS version 8 (SAS
nstitute, Cary, NC) and Intercooled Stata version 6.0. Analyses were
erformed on logarithmic or square root transformed values where
ecessary, and results presented using the geometric means for log
ransformed values, and the square of the mean of square root trans-
ormed values, with approximate standard deviations. Differences in
ariables by smoking status (current v ex/never), center, and north/
outh were examined either by analysis of variance, or by analysis of
ovariance when adjustment was required. Differences in distribution
f categorical variables were examined by chi-squared tests, or Fisher’s
xact tests as appropriate

Factor analysis, a linear method of data reduction, was performed
sing principal factor analysis.24 This technique reduces several orig-
nal variables into fewer summary factors or principal factors and
llows analyses of groupings and interrelationships of correlated vari-
bles. The variables cluster on the basis of the linear correlations
etween them with the consequent principal factors calculated to keep
s much of the common variance that existed between the original
ariables as possible. For prior communality estimates, the squared
ultiple correlation was used. The principal factors are transformed

rotated) to enhance interpretation using the Promax oblique rotation
ethod producing a series of “summary factors”, which retain inter-

orrelation.24,25 We used a variety of criteria to determine the number
f factors.26 A modification of the Kaiser-Guttman rule,24 the scree
lot,26 and interpretability criteria were mutually agreeable in suggest-
ng 3 factors, although retaining a fourth factor, comprising solely
moking status, was briefly considered. The factor loading of a variable
n a summary factor is equal to the Pearson correlation coefficient
etween that variable and the summary factor. Only variables that share
�15% variance with a summary factor were used for interpretation

orresponding to a loading factor of �0.40. When loading thresholds as
ow as 0.2 were considered,26 findings were essentially identical. We

ave used quotations and capital initials for these factors hereafter in
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854 YUDKIN ET AL
rder to clarify the fact that the term is being applied to these summary
actors. Regression analysis was used to explore differences in a chosen
actor by specified explanatory variables after adjusting for case/control
nd for north/south status. Correlations were very similar within indi-
idual centers to those in the complete data set, implying that such
nalyses were valid. To allow for comparability between � coefficients,
ariables were standardized. Waist-to-hip ratio was available in only 8
ontrol subjects in Marseille and was omitted from the analyses. In San
iovanni Rotondo, problems with the shipment of a batch of samples

ed to data being unavailable for insulin, proinsulin, and IL-6 concen-
rations in the first 100 cases and controls. In consequence, complete
ata were available for 393 controls (204 north and 189 south) and 295
ases (152 north and 143 south). When the analyses were repeated
sing a data set using imputed values for missing data, results were
irtually identical to those using the restricted data set.

thical Considerations

The study was approved by the local Ethics Committees of the 4
enters and all subjects gave informed consent.

RESULTS

The characteristics of the study subjects are shown in Table
according to case/control status and geographical area.

Table 3. Results of Factor Analysis for BMI, Metab

Variable “Metabolic Syndrome

Smoking �0.18
BMI 0.60*
Triglyceride 0.45*
Insulin 0.71*
Proinsulin 0.50*
Systolic blood pressure 0.06
Diastolic blood pressure 0.04
Fibrinogen �0.07
C-reactive protein 0.18
Interleukin-6 0.05

NOTE. N � 393.

Table 2. Correlation Coefficients Be

BMI Insulin Proinsulin Systolic BP

BMI X 0.45§ 0.28§ 0.27§

Insulin 0.45§ X 0.46§ 0.15†
Proinsulin 0.32§ 0.38§ X 0.12*
Systolic BP 0.31§ 0.26§ 0.28§ X
Diastolic BP 0.29§ 0.23§ 0.23§ 0.67§
Triglyceride 0.33§ 0.37§ 0.37§ 0.29§

Fibrinogen 0.16§ 0.05 0.05 0.15†
CRP 0.25§ 0.20§ 0.12* 0.16§
IL-6 0.16† 0.14† 0.06 0.14†

NOTE. Correlation coefficients are adjusted for center. Controls are
Abbreviations: BP, blood pressure; CRP, C-reactive protein; IL-6, in
*P � .05.
†P � .01.
‡P � .001.
§P � .0005.
*Significant bleeding of variable on summary factor.
mong the controls, there were highly significant differences
P � .005) between the 4 centers in all variables except IL-6
P � .1). Among the cases, these between-center differences
ere significant (P � .005) for proinsulin and IL-6 and for

nsulin (P � .01), but not for CRP (P � .17). North-south
ifferences explained a minority of the between-center variance
or all measures except proinsulin and CRP (controls), and
nsulin and IL-6 (cases). At the time of investigation, the
roportion of subjects on aspirin was 87.5% (cases) and 2.1%
controls), on angiotensin-converting enzyme (ACE) inhibitors
0.8% and 1.4%, � blockers 59.6% and 1.4%, and lipid-
owering agents 27.6% and 0.4%, respectively.

There were significant correlations between many of the
etabolic syndrome and inflammation variables in both cases

nd controls. These correlations existed within and between the
etabolic syndrome and inflammation variables, as well as

etween both and body mass index (BMI) (Table 2).
To explore the associations between the metabolic and in-

ammation variables, we performed factor analysis in the 393
ontrols with complete data using a method allowing explora-
ion of relationships between the factors. Three summary fac-

yndrome, and Inflammation Variables in Controls

Factor

“Inflammation” “Blood Pressure”

0.32 0.06
0.03 0.05
0.05 0.16

�0.11 �0.03
�0.03 0.03

0.009 0.74*
0.006 0.73*
0.63* 0.03
0.58* �0.07
0.54* 0.002

n Variables in Controls and Cases

lic BP Triglyceride Fibrinogen CRP IL-6

5§ 0.14‡ 0.12* 0.21§ 0.15†

3* 0.26§ 0.09 0.23§ 0.17†
8 0.23§ 0.07 0.18‡ 0.16†
1§ 0.09 0.001 0.05 �0.005

0.10* �0.04 0.04 �0.05
7§ X 0.03 0.16‡ 0.09

3† 0.15§ X 0.40§ 0.29§
7§ 0.23§ 0.48§ X 0.45§
2* 0.19§ 0.36§ 0.39§ X

n below the diagonal and cases above the diagonal.
kin-6.
olic S

”

twee

Diasto

0.2

0.1
0.0
0.7

X
0.2

0.1
0.1
0.1

show
terleu
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855INSULIN RESISTANCE, INFLAMMATION, AND AMI
ors resulted, representing (1) obesity/insulin/triglycerides
“Metabolic Syndrome”); (2) “Inflammation”; and (3) “Blood
ressure” (Table 3). Although smoking status loaded most
trongly on the “inflammation” factor, this was not significant
hen a cut-off of 0.4 was considered, but was if a loading

hreshold of 0.2 was employed26 (loading � 0.32). Altering the
oading threshold did not influence the loading of any other
ariable.
There were significant correlations between the “metabolic

yndrome” and “inflammation” factors in controls and cases
r � 0.48, r � 0.45, P � .0001). The “Metabolic Syndrome”
actor also correlated with the “Blood Pressure” factor (controls
� 0.74, P � .0001; cases r � 0.61, P � .0001). The “Blood
ressure” and “Inflammation” factors were also related (con-

rols r � 0.39, P � .0001; cases r � 0.16, P � .0001). The
Metabolic Syndrome” and “Inflammation” factor scores were
imilar between north and south, although the value for the
Blood Pressure” factor was significantly lower in the south
P � .007).

To explore the contribution of obesity to the clustering and
ssociations of these factors, the analyses were repeated with-
ut the inclusion of BMI. Obesity related significantly to all 3

Table 4. Correlation Matrix Between Factors in Cont

With Body Mass Inde

Body Mass Index “M

Body mass index X
“Metabolic Syndrome” 0.54
“Inflammation” 0.33
“Blood Pressure” 0.40

NOTE. Coefficients for controls are shown below the diagonal, an
ignificant at P � .0001.

Fig 1. Scores for “Metabolic

yndrome” factor and “Inflam-

ation” factor in cases and con-
rols.
actors, but there remained significant and strong relationships
etween the “Inflammation” factor and each of the other factors
ndependent of obesity (Table 4). In a multiple regression
odel in all subjects, with the “Inflammation” factor score as

he dependent variable, the “Inflammation” factor was related
o the “Metabolic Syndrome” factor and to case status (F �
8.5, P � .0001 and F � 19.6, P � .001, respectively), but not
o BMI, north/south location or the “Blood Pressure” factor. In

separate analysis, with the “Metabolic Syndrome” factor
core as the dependent variable, the “Inflammation” factor (� �
.24, SE 0.03; P � .0001), “Blood Pressure” factor (� � 0.51,
E 0.03; P � .0001), south location (� � 0.20, SE 0.05; P �

0001), BMI (� � 0.24, SE 0.03; P � .0001), and case status
� � 0.38, SE 0.05; P � .0001) all contributed independently
o its variance.

The factor scores in the controls and cases are shown in Fig
. The mean values for “Metabolic Syndrome” factor (0.43, SE
.049) and the “Inflammation” factor (0.49, SE 0.049) were
ignificantly higher in the cases than in controls (0, SE 0.042;
nd 0, SE 0.040, respectively). As is seen in Fig 1, the higher
alues for the “Metabolic Syndrome” factor in the cases than
he controls is not fully accounted for by the higher “Inflam-

n � 393) and Myocardial Infarction Cases (n � 295)

a Separate Variable

ic Syndrome” “Inflammation” “Blood Pressure”

.49 0.31 0.39
X 0.45 0.61
.48 X 0.16
.74 0.39 X

cases above the diagonal. Adjusted for center. All coefficients are
rols (

x as

etabol

0

0
0

d for
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856 YUDKIN ET AL
ation” factor score, the intercept of the regression line being
ignificantly different between cases and controls (P � .0001).
n a model containing case status, center, and “Inflammation”
actor, with “Metabolic Syndrome” factor as the dependent
ariable, “Inflammation” factor explained 20.1% and case sta-
us 1.0% of the variation in “Metabolic Syndrome” factor. The
Blood Pressure” factor was similar in cases and controls.
ases treated with aspirin, � blockers, ACE inhibitors, or

ipid-lowering agents showed no significant difference in any
f the factor scores from untreated subjects.

DISCUSSION

We have shown powerful relationships between low-grade
nflammation and measures usually ascribed to insulin resis-
ance. Significant relationships were found between compo-
ents of the metabolic syndrome and several inflammation
ariables. Because our data were derived from a case-control
tudy, the interpretation is likely to be more reliable when
ased on relationships of variables within groups as compared
ith comparisons between groups, an approach we have used

n this study. We have recently described strong associations
etween components of the metabolic syndrome and circulat-
ng markers of inflammation in a population study in healthy
ubjects.4 Although it is not possible to attribute causation to
ssociations seen in cross-sectional studies, insulin resistance
nd dyslipidemia might both represent consequences of actions
f proinflammatory cytokines on insulin signalling and lipid
etabolizing pathways.4 Adipose tissue-generated IL-6 may

lay a prominent role in linking insulin resistance, endothelial
ysfunction, and CHD.10 Factor analysis, using a method per-
itting exploration of associations between factors,24,25 con-
rmed associations between the “Metabolic Syndrome” factor
nd the “Inflammation” factor, this relationship being indepen-
ent of obesity. In the cases, scores for both the “Metabolic
yndrome” and the “Inflammation” factors were higher than in
ontrols, but multiple regression analysis showed that higher
Inflammation” factor score in cases is not sufficient alone to
xplain the higher scores for the “Metabolic Syndrome” factor.
urthermore, the strength of the relationship between the “In-
ammation” and “Metabolic Syndrome” factors was similar in
ases and in controls (Fig 1), suggesting that the contribution of
nflammation to insulin resistance is not solely a phenomenon
estricted to patients after MI.

While previous studies have used factor analysis to explore
lustering of risk factors ascribed to insulin resistance,14-18 only
ne has studied the link of inflammation markers with insulin
esistance variables using this method.14 Sakkinen et al14 found
nivariate correlations between CRP levels and both measures

f obesity and insulin resistance, but, employing a method T
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hich retains independence between factors, they found dis-
rete factors representing insulin/glucose and inflammation.
ther studies have shown that an “insulin resistance factor” is

ble to predict incident events independently from classic risk
actors.16-18 These studies differ from the present case-control
tudy both in design (and consequently in analytical approach)
nd in the absence of measures of low-grade inflammation. It is
ossible that inclusion of glucose, HDL-cholesterol, and waist
ircumference, variables unavailable in the HIFMECH study,
ight have provided additional information.
Adipose tissue in vitro expresses and secretes both IL-6 and

umor necrosis factor-�,27-29 and we have shown that up to 30%
f circulating levels of IL-6 in healthy subjects might arise
rom adipose tissue.12 For this reason, the associations of
besity with inflammation are to be expected. The factors,
hich modulate adipose tissue production of proinflammatory

ytokines, remain to be explored, although our inability to find
ifferences in levels of inflammation markers in controls be-
ween northern and southern Europe suggests that major dif-
erences in patterns of fat intake do not play an important role.

The design of the HIFMECH study was a case-control study,
ith MI survivors being investigated 3 months after the event.
s this raises the possibility that differences between cases and

ontrols are the consequence, rather than the cause, of the
vent, we have not performed such comparisons in this report.

prospective, and not a case-control, study would be needed to
xplore etiologic associations of insulin-like molecules and
nflammation markers with MI. A number of studies have
uggested that elevated concentrations of insulin predict dis-
ase.8 Both in cross sectional22 and prospective studies,23,30

roinsulin was a powerful risk marker for CHD. While levels of
roinflammatory cytokines and acute phase proteins increase
cutely after MI,31,32 the continuing elevation of these levels at
months is compatible with prospective studies implicating

brinogen,33 CRP,34 and IL-635 as risk factors for MI. The
olecular and cellular mechanisms underlying these associa-

ions and the explanation for differences between north and
outh Europe in their associations remain to be explored.
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