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Elevated plasma levels of triglyceride-rich lipoproteins, a decreased high-density lipoprotein (HDL) cholesterol concentration,
hyperinsulinemia, and impaired fibrinolytic function frequently aggregate in patients with premature coronary heart disease
(CHD). Experimental studies suggest that the cytokine tumor necrosis factor « (TNFa) produced by adipocytes plays a part in
the regulation of triglyceride and glucose metabolism. The present study examined whether TNF« is implicated in these
metabolic and fibrinolytic disturbances in young postinfarction patients. TNF« levels were determined in two groups of young
{age <45 years) male postinfarction patients (n = 92 and 60) and in matched, population-based control subjects (n = 63}.
Plasma TNFa was higher in patients than in controls (4.1 = 1.6 v2.5 = 0.4 pg/mL, P < .0001). In hyperlipidemic patients, TNFa
levels correlated significantly with the concentrations of very-low-density lipoprotein {VLDL) triglyceride and cholesterol and
negatively with HDL cholesterol. Treatment with bezafibrate decreased VLDL triglycerides and increased HDL cholesterol, but
did not affect TNFa levels. The TNFa concentration also correlated significantly with fasting glucose and proinsulin
concentrations, as well as glucose and proinsulin levels after glucose ingestion. In contrast, no relations were found with the
insulin level or degree of insulin resistance. The present results provide clinical evidence for a basic role of TNFa in

hypertriglyceridemia, glucose intolerance, and the etiology of premature CHD.
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UMOR NECROSIS factor o (TNFa) is an inducible
cytokine with a wide range of proinflammatory and
immunoregulatory actions.!> Macrophages and smooth muscle
cells expressing TNFa are present in atherosclerotic plaques,’*
suggesting that TNFa may be involved in atherogenesis.

TNFa also has potent metabolic effects, and it was originally
identified as the factor responsible for induction of hypertriglyc-
eridemia in bacterially infected animals.® This effect of TNFa
was subsequently shown to be due to an increased synthesis of
triglycerides in the liver® and an inhibition of lipoprotein lipase
(LPL).” More recently, TNFa has been implicated in the
etiology of insulin resistance in obesity.® This concept was
based on observations made in genetically obese mice that have
an increased expression of TNFa in adipose tissue and respond
with improved insulin sensitivity to infusion of a TNFa-
blocking protein.® The effect of TNFa on insulin sensitivity
appears to be mediated by inhibition of insulin receptor
phosphorylation.!®!! Recent studies have demonstrated in-
creased adipose and muscle tissue expression of TNF« also in
human obesity and insulin resistance.!?14

Hypertriglyceridemia and reduced high-density lipoprotein
(HDL) cholesterol levels accompanied by hyperinsulinemia and
impaired fibrinolytic capacity are common findings in patients
with premature coronary heart disease (CHD).!>16 The present
sample of young postinfarction patients and population-based
controls were used to investigate if TNFa is involved in these
metabolic disturbances and thus implicated in the etiology of
CHD.

SUBJECTS AND METHODS
Study Population and Protocol

Actotal of 152 men with a first myocardial infarction before the age of
45 years were investigated after provision of informed consent. The
patients had initially been admitted to the 10 hospitals in Stockholm
County with coronary care or intensive care units between January 1985
and October 1990. Patients with known diabetes mellitus, severely
impaired renal function, or other concomitant diseases were excluded.
Initial metabolic studies were performed 4 to 6 months after the
infarction to allow acute-phase reactions due to myocardial damage to
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subside. No patient was taking lipid-lowering drugs at the time of the
initial metabolic investigation, but all had received instruction on a
lipid-lowering diet by a dietitian at an outpatient clinic visit 6 weeks
after the initial admission. The patients were originally recruited for
inclusion into two different studies. The first patient sample consisted of
92 men recruited between January 1985 and December 1988 who
entered the 5-year Bezafibrate Coronary Atherosclerosis Intervention
Trial (BECAIT). This study included patients with serum cholesterol
between 5.2 and 10.0 mmol/L. and/or serum triglycerides between 1.6
and 8.0 mmol/L and angiographic signs of coronary atherosclerosis.
The second study population consisted of 60 men recruited consecu-
tively between April 1989 and October 1990 to participate in a detailed
evaluation of abnormalities in lipoprotein and glucose metabolism in
young postinfarction patients. Sixty-three healthy men with an age
distribution similar to that of the latter patient group were also recruited
concurrently with these patients by random selection of individuals
born between 1947 and 1956 from a register of all permanent residents
in Stockholm County. Detailed descriptions of both patient populations
and the controls have been published previously.17-1?

Laboratory Methods and Procedures

Blood samples for lipoprotein analyses and hemostatic tests were
taken between 8 and 9 AM after 12 hours of fasting, during which time
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smokers were asked to refrain from smoking. All subjects were free
from symptoms of infectious disease at the time of blood sampling.
Detailed descriptions of the preparation of serum and plasma samples
have been published previously.!”1° On a separate visit after 12 hours of
fasting, glucose was ingested at a dose of 1.75 g/kg body weight in 150
to 200 mL water flavored with lemon extract.’ Venous blood samples
for determination of blood glucose and immunoreactive insulin (BE-
CAIT study), respectively, for blood glucose, insulin, and insulin
propeptides (unselected patients and controls) were obtained before and
15, 30, 45, 60, 90, and 120 minutes after glucose intake, with the
subjects remaining semirecumbent throughout the test.

The major plasma lipoproteins (very—low-density lipoprotein [VLDL],
low-density lipoprotein [LDL], and HDL were determined by a
combination of preparative ultracentrifugation, precipitation of apolipo-
protein B~containing lipoproteins, and lipid analyses.?! Blood glucose
levels were measured by the glucose oxidase method (Kodak Ek-
tachem; Eastman Kodak, Rochester, NY). Plasma insulin was deter-
mined by an in-house double-antibody radioimmunoassay (BECAIT
study) or by a radioimmunoassay with polyclonal antisera supplied by
Guildhay (Guilford, UK). Immunoradiometric assays were used to
measure the levels of intact proinsulin and des 31,32 proinsulin.? Intact
proinsulin was assayed using murine monoclonal antibodies A6 and
3B1 (Serono Diagnostics, Woking, UK). Murine monoclonal antibody
3B1 and antibody PEP-001 (Novo Nordisk, Baagsvard, Denmark) were
used for the two-site des 31,32 proinsulin assay. True insulin was
obtained from the insulin radioimmunocassay by subtraction of intact
proinsulin and corrected des 31,32 proinsulin. Insulin resistance was
calculated from fasting blood glucose and plasma insulin concentrations
by the homeostasis model assessment (HOMA) method.” Plasminogen
activator inhibitor-1 (PAI-1) activity was determined by adding a
certain amount of tissue plasminogen activator (t-PA) to diluted plasma
and measuring residual t-PA activity using an amidolytic method with
chromogenic substrate (Spectrolyse fibrin; Biopool, Umea, Sweden).?*
The levels of the acute-phase reactants orosomucoid and haptoglobin
were measured by electroimmunoassay.?> Haptoglobin levels were only
measured in 47 BECAIT patients at baseline and in 74 patients at the
end of this study.

Plasma and serum TNFa levels were measured using an enzyme-
linked immunosorbent assay (ELISA) for human TNFa (Quantikine;
R&D Systems, Minneapolis, MN). This is a newly developed, sensitive
sandwich ELISA with a lower detection limit of 0.5 pg/mL. The
intraassay coefficient of variation for analysis of TNFa in serum is less
than 8%, and the mean recovery of the assay is 95% for serum and 96%
for EDTA plasma. The correlation coefficient for duplicate determina-
tions on the same sample was .93 (n = 92) in the present study. There
was no difference in the mean level of TNFo in serum samples obtained
at baseline of the BECAIT study (4.70 = 1.43 pg/mL.) and samples
obtained at the end of this study (4.79 = 1.36 pg/mL), suggesting that
serum samples could be stored at —70°C for at least 5 years without
significant degradation of TNF.

Coronary Angiography

Selective coronary angiography was performed about 6 months after
the acute event. The severity of coronary lesions was determined by
computer-assisted evaluation in BECAIT patients using the cardiovas-
cular measurement system.? The minimum lumen diameter (which
reflects focal atherosclerosis) was measured at the most severe athero-
sclerotic lesions that reduced the lumen diameter by at least 20% in each
of 15 coronary artery segments defined according to American Heart
Association recommendations.”’ The mean segment diameter was
calculated in all coronary segments irrespective of the presence of
visually detectable atherosclerosis, as an indicator of diffuse and focal
atherosclerosis. These measurements were taken only in unoccluded
segments. The mean minimum lumen diameter and mean segment
diameter for all evaluated segments were used as summary estimates of
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the severity of coronary artery disease. Visual semiquantitative classifi-
cations of diffuse atherosclerosis and the number and severity of distinct
stenoses in identical segments were made in the unselected patient
group. Detailed descriptions of these analyses have been published
previously. 1928

Statistical Analysis

Conventional methods were used for calculation of the mean *+ SD.
Coefficients of skewness were calculated to test deviation from the
normal distribution. Differences in continuous variables between groups
were tested by ANOVA and Scheffé’s F test. Distributions of categorical
data were compared using the x? test with Yates’ correction. Spearman
rank correlation coefficients were calculated to estimate relations
between biochemical variables or between biochemical variables and
angiographic scores.

RESULTS
TNFa Levels in Postinfarction Patients and Controls

Characteristics of the two patient populations and the con-
trols are listed in Table 1. Patients were characterized by a
higher body mass index (BMI), and there were more former
smokers in these groups. A diagnosis of hypertension was also
more common among patients. Furthermore, patients had
higher VLDL and LDL cholesterol and lower HDL cholesterol
concentrations than controls. VLDL triglycerides were consider-
ably elevated among patients who were additionally character-
ized by basal and postload hyperglycemia and high plasma
PAI-1 activity.

The plasma level of TNFa was significantly higher in the
unselected patients than in the age-matched control group
(4.1 x1.6v 25 =04 pg/mL, P<.0001; Fig 1). The TNFa

Table 1. Characteristics of the Study Groups

Unselected
BECAIT Postinfarction
Patients Patients Controls
Characteristic {n =92} {n = 60) {n = 63)

Age (yr) 40.9 = 3.1 39.6 = 4.0 39.7 =286
BMI (kg/m?) 27.2+3.89 283 =x4.1% 24429
Smoking history (n)

Nonsmoker 12 6 33

Former smoker 58 351 8

Present smoker 22 19 16
Hypertension (%) 20 21t 3
Cholesterol (mmol/L)

VLDL 1.14 = 0.68 1.03 £ 0.94t 0.52 + 0.56

LDL 462100 4.32=x1.07t 359091

HDL 1.08+0.21 091 =023t 112+ 0.31
Triglycerides {mmol/L)

VLDL 188 = 118 2.35 +2.22t 119 % 1.39

LDL 0.42 = 0.1 0.46 = 0.131 0.33 0.1

HDL 0.15 = 0.04 0.13 =£0.04* 0.11 = 0.04
Glucose (mmol/L)

Basal 54+ 13 53+ 1.1t 46+ 0.4

AUC ‘ 9,222 + 2,031 9,749 = 2,883t 7,905 * 1,676
PAI-1 {U/mL) 273>+ 169 30.0x29.0f 13.6=107

NOTE. Values are the mean = SD. Significance testing (unpaired ¢
test and 2 test) was only performed between unselected postinfarc-
tion patients and controls.

Abbreviation: AUC, area under the curve.

*P<.01.

1P <.001.
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Fig 1. Box plot demonstrating the median and 10th, 25th, 75th,
and 90th percentiles for plasma TNFa levels in 60 unselected young
postinfarction (M) patients and 63 age-matched healthy controls. {O)
Individual values < the 10th and > the 90th percentiles.

level in BECAIT patients (4.7 = 1.4 pg/mL) was analyzed in
serum and therefore cannot be compared directly with that in
the other two groups.

There were no relations between BMI and TNFa levels in
any of the groups (Table 2). Since TNFa is an important
inflammatory mediator, we performed an analysis of its relation
to the acute-phase reactants orosomucoid and haptoglobin;
these analyses were performed only in BECAIT patients. The
mean serum levels of orosomucoid and haptoglobin in samples
taken at baseline of the BECAIT study were 0.92 * 0.20 and
1.20 = 0.50 g/L, respectively. There were no relations between
TNFa levels and orosomucoid (r = .08) or haptoglobin
(r = —.02), whereas a significant correlation existed between
orosomucoid and haptoglobin (r = .37, P = .01). Analyses of
TNFa and acute-phase reactants were also performed at the end
of the BECAIT study. Again, there were no relations between
TNFa levels and orosomucoid (r= —.17) or haptoglobin
(r=-.03).

There were no differences in TNFa levels between nonsmok-
ers, former smokers, and smokers nor between hypertensives
and nonhypertensives in any of the groups.

Relations to Lipoprotein Lipids

An inverse relation between TNFa and HDL cholesterol was
seen in both the patients and the controls (Table 3). Among
unselected patients, there was also an inverse relation between
TNFa and LDL cholesterol. In BECAIT patients, significant
correlations were found between TNFa and VLDL triglycerides
and cholesterol. The corresponding correlation did not attain
statistical significance in unselected patients and controls.

Table 2. TNFa Concentrations in Subjects Grouped
According to BMI

BMI (kg/m?)

Group <25 25-30 >30

BECAIT patients 4614 46+14 4914
Unselected postinfarction patients 4.1+ 12 42=*18 36+ 12
Controls 25+06 25+06 2609

NOTE. Values are the mean = SD.

Since BECAIT patients represented a selected subgroup of
dyslipidemic postinfarction patients with angiographically de-
monstrable coronary atherosclerosis, a second analysis was
performed among the unselected postinfarction patients who
would have fulfilled the inclusion criteria of the BECAIT study.
Since our primary interest was to analyze the relation between
TNFa and components of the insulin resistance syndrome, we
also excluded patients with isolated hypercholesterolemia (who
constituted <4% of the BECAIT population). Forty-seven
patients remained after normolipidemic and type IIA hypercho-
lesterolemic patients and patients without lesions on coronary
angiography were excluded. In this subgroup, significant corre-
lations existed between TNFo and VLDL triglycerides (r = .44,
P < .01), VLDL cholesterol (r = 43, P = .01), and HDL
cholesterol (r = —.37, P < .05). Compared with the 17 ex-
cluded subjects, the patients in this subgroup had higher levels
of LDL triglycerides (0.49 v 0.39 mmol/L, P < .05), VLDL
cholesterol (1.27 v 0.42 mmol/L, P < .005) and triglycerides
(2.95 v 0.85 mmol/L, P < .001), and HDL triglycerides (0.14 v
0.11 mmol/L, P <.05) and a higher BMI (29.1 v 26.3,
P < .05), whereas there were no significant differences in the
levels of the remaining lipoprotein lipids and TNFa (4.0 v 4.4
pg/mL).

Relations to Glucose-Insulin Homeostasis

TNFa correlated significantly with the glucose area under the
curve during the oral glucose tolerance test in BECAIT patients
(r = .25, P < .05) and in the hypertriglyceridemic subgroup of
the unselected patient sample (v = .37, P < .05), but not in the
controls (r = .06, NS). The relations of TNFa to insulin and
insulin propeptides were also analyzed in the subgroup of
hypertriglyceridemic men from the unselected patient group, in
whom significant correlations between TNFw and triglyceride-
rich lipoproteins had been found, and in the controls. Basal and
postload glucose, insulin, proinsulin, des 31,32 proinsulin, and
C-peptide levels were higher in these patients than in the control
group (data not shown). There was a significant correlation
between TNFa and basal levels of blood glucose, proinsulin,
des 31,32 proinsulin, and C-peptide in the patient group (Table
4). Similar correlations were found at 120 minutes, and in most
instances at 15 minutes, after glucose ingestion. In contrast,
there were no relations between TNFa and glucose/insulin
variables among the controls (data not shown). Of note, TNFo
concentrations were not correlated with insulin concentrations
in the patients or with the degree of insulin resistance assessed
by the HOMA method (r = .10, NS). TNFa was also signifi-
cantly related to glucose and proinsulin levels in the complete
unselected postinfarction group (n = 60), but the correlation
coefficients were generally lower than in the hyperlipidemic
subgroup (r = .30, P < .05, r=.37, P <.005, and r= 31,
P < .05) for fasting glucose and des 31,32 proinsulin and
plasma glucose 15 minutes after glucose ingestion, respectively.

Effect of Triglyceride Reduction

In patients treated with bezafibrate (200 mg three times daily)
for 24 months, VLDL cholesterol and triglyceride levels
decreased by 35% and 31%, respectively, and HDL cholesterol
increased by 9%. No significant changes in lipoprotein lipids
occurred in the placebo-treated group. The serum level of TNFo
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Table 3. Correlation Coefficients Between TNFa and Lipoprotein Lipid Concentrations

VLDL LDL HDL
Group Chol TG Chol TG Chol TG
Controls {n = 63) 24 .20 -.02 12 —.32% .04
Unselected postinfarction patients (n = 60} 21 19 —.29* .10 —.27* .16
BECAIT patients
Baseline (n = 92) 37+ .40% .00 .18 —-.28% .20
Placebo group at 2 years (n = 45) 54t 53t -.03 .15 —.36*% .21
Bezafibrate group at 2 years (n = 47) .23 .18 .05 .20 -.13 -7
Abbreviations: Chol, cholesterol; TG, triglyceride.
*P < 05,
tP<.01.
P <.001.

remained unchanged in both the bezafibrate (+2.8%) and the
placebo (—2.7%) groups, and there was a close correlation
between TNFa levels at baseline and 24 months after random-
ization (r = .65, P < .005). Significant correlations between
TNFo and lipoprotein lipids at baseline remained at 24 months
in the placebo-treated group, but did not persist in the bezafibrate-
treated group (Table 3).

No Link Between the TNFo Level and the Severity of Coronary
Atherosclerosis

There were no relations between the TNFa level and the
severity of coronary atherosclerosis (focal or diffuse) in the two
patient groups.

DISCUSSION

Hypertriglyceridemia accompanied by a low HDL choles-
terol concentration, basal and postload hyperinsulinemia, and
an impaired fibrinolytic capacity is a common finding in
patients with premature CHD.!>!6 These abnormalities often
occur as part of a metabolic syndrome also including obesity
and hypertension.?® More recently, overproduction of TNFa in
adipose tissue has been associated with insulin resistance, and it
has been proposed that TNFa is the biological mediator of
insulin resistance in obesity.! Against this background, we
examined the hypothesis that TNFa is involved in the metabolic
abnormalities appearing in a major subset of young postinfarc-
tion patients. TNFa levels were found to be increased about
twofold in the entire patient group as compared with age-
matched, population-based controls. Among hyperlipidemic
postinfarction patients, high TNFa was associated with hypertri-

Table 4. Correlation Coefficients Between TNFa and Basal and
Postload Glucose/Insulin Concentrations in Unselected
Postinfarction Patients With a Hypertriglyceridemic Lipoprotein
Phenotype (n = 47}

Time Point
Parameter 0 min 15 min 120 min
Glucose .33* A4t .38*
Insulin 12 .07 .18
Proinsufin 31* .28 31*
Des 31,32 proinsulin .38% .30% .36%
C-peptide 32% 22 37*
*P<.05.
TP<.01.

glyceridemia, low HDL cholesterol, and perturbed glucose
metabolism. TNFa levels were also elevated in normolipidemic
postinfarction patients, but did not correlate with lipoprotein
lipids. Taken together, these observations demonstrate increased
levels of TNFa in patients with early-onset CHD and suggest
that TNFa may play a role in the metabolic disturbances found
in many of these patients. However, it must be emphasized that
the data should be interpreted cautiously, as a substantial
proportion of the study groups were small and some of the
results were generated by post hoc analysis. Moreover, conclu-
sions regarding the possible pathophysiological role of TNFa in
the two groups are complicated by the considerable metabolic
differences that exist.

Because TNFo is a cytokine, plasma levels increase in
response to tissue injury such as myocardial infarction and
infection. To avoid this confounding factor, all TNFa and
metabolic determinations were performed 6 months after the
acute event, and symptoms of infectious disease precluded
blood sampling. The lack of a correlation between TNFa and
the acute-phase reactants orosomucoid and haptoglobin also
argues against the possibility that the associations between
TNFa and metabolic variables observed in this study are
explained by a general inflammatory reaction. We did not
determine acute-phase reactants in the control population in this
study. However, we have previously shown that young postin-
farction patients have higher serum levels of orosomucoid than
age-matched controls.®® Accordingly, it is possible that the
difference in TNFa levels between postinfarction patients and
controls is, in part, due to increased inflammatory activity in the
latter group. Moreover, although there were no differences in
TNFa levels between smokers and nonsmokers or between
hypertensives and nonhypertensives, it cannot be excluded that
TNFoa levels among postinfarction patients are influenced by
these risk factors.

What, then, is the link between TNFa and the metabolic
disturbances analyzed in this study? One possible explanation
could be that hypertriglyceridemia itself stimulates the release
of TNFa. However, the fact that bezafibrate treatment did not
affect TNFu levels despite a 30% decrease in serum triglycer-
ides argues against this interpretation. Another possibility is that
the metabolic abnormalities and the increase in TNFa both
occur in response to a yet unidentified factor. However, there are
no experimental data supporting this concept.

Adipose tissue expression of TNFu is increased in obese



TNFa IN DISTURBANCES OF TRIGLYCERIDE AND GLUCOSE METABOLISM 117

mice and in humans with insulin resistance,” and weight
reduction in obese subjects results in decreased adipose expres-
sion of TNFa and improved insulin sensitivity.'>!3 Against this
background, it has been proposed that obesity causes insulin
resistance by increasing TNFa synthesis in adipose tissue and
that this mechanism represents a defense against tissue fat
overload.? Interestingly, TNFa did not correlate with BMI in
young postinfarction patients or in the controls, and TNFa
levels were increased also in lean postinfarction patients.
Hence, it seems likely that factors other than obesity are
responsible for the increased TNFa levels in these patients.

No relationships were noted in the present study between
TNFa levels and plasma insulin concentrations or the degree of
insulin resistance as measured by the HOMA method. This is
interesting in view of experimental studies indicating that
localized production of TNFa in adipose tissue and muscle can
induce resistance to insulin-stimulated glucose uptake, probably
via a reduction in insulin receptor tyrosine kinase activity.!0-1214
However, the insulin resistance data must be interpreted with
caution, because the HOMA method provides a crude measure
of insulin resistance. Proinsulin-like molecules might, in fact,
be more stable markers for insulin resistance than plasma
concentrations of insulin. The positive relations between TNF«
and proinsulin or des 31,32 proinsulin concentrations could thus
be interpreted to suggest an association between elevated TNFa
levels and insulin resistance among the young postinfarction
patients. Reduced glucose uptake has been the only index of
insulin resistance thus far evaluated with respect to TNFa, but
the sensitivity of other insulin-modulated processes could also
be affected. LPL activity increases in response to insulin,3 and
it is noteworthy that an inverse correlation has been reported
between LPL activity and TNFa.!? Resistance to suppression of
adipose tissue lipolysis by insulin could be another effect of
TNFa, especially in view of the localized tissue actions of the
cytokine. Such an effect would increase the rate of adipose
tissue lipolysis and the rate of release of nonesterified fatty acids
(NEFAs) into the circulation.’?> NEFA supply to the liver is one

of the principal determinants of the rate of hepatic triglyceride
synthesis.> Also, NEFAs can compete with glucose as a
fuel 335 In the present study, the strongest associations between
TNFa and VLDL triglyceride levels and between TNFo and
glucose concentrations were seen in patients with a hypertriglyc-
eridemic phenotype, as might be expected if increased NEFA
flux was an important common factor. Further studies of the
relation between TNFa and NEFA metabolism will be needed
to confirm whether this is in fact the case. The association
between TNFa and plasma proinsulin levels could be related, in
part, to the compensatory pancreatic insulin response to TNFa-
induced insulin resistance, but the lack of an association of
TNFa with the plasma insulin level and insulin resistance
suggests that other factors may be operating. One possibility is
that in individuals with high TNFa levels, hypertriglyceri-
demia, and hyperglycemia, there is some disruption in the
processing of proinsulin in the pancreatic 8 cell, leading to an
increased proportion of proinsulin released into the circulation.

It appears from this study that elevated TNFo levels are
associated with atherogenic metabolic disturbances in men with
premature CHD. A likely interpretation of the present data is
that TNFa is implicated both in determining a hypertriglyceride-
mic lipoprotein phenotype and in the etiology of premature
CHD. The restrictions of a clinical case-control study notwith-
standing, no support was obtained for the notion that TNFa
plays a major basic role in the prominent insulin resistance
component in this group of coronary patients. Further studies
are needed to explore whether TNFo and/or hypertriglyceri-
demia may perturb pancreatic 3-cell function.
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