Fasting Serum Insulin in Relation to Components of the Metabolic Syndrome
in European Healthy Men: The European Fat Distribution Study
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To investigate the “‘metabolic” syndrome in different European populations, samples of 38-year-old healthy men were
randomly selected from six centers: Gothenburg {Sweden), Warsaw (Poland), Deinze (Belgium], Verona (ltaly}, Lumiar
(Portugal), and Ede (The Netherlands). In total, 515 men were studied. Anthropometric measurements and blood pressure
levels were taken by one or two operators in each center after a common operator’s training course. Each blood parameter was
analyzed in one laboratory. There were significant intercenter differences in mean values for anthropometric parameters, blood
pressure, serum lipids (except for low-density lipoprotein [LDL] cholesterol), and fasting insulin. In particular, fasting serum
insulin showed the highest values in Sweden and The Netherlands and the lowest values in Italy and Portugal. In pooled men,
fasting insulin was strongly related (P < .001) to body mass index (BMI), waist to hip (WHR) and waist to thigh {WTR)
circumference ratios, serum lipids (except for LDL cholesterol), and blood pressure. On the contrary, there were relevant
differences in the correlation of insulin with serum lipids and blood pressure when the data were evaluated for each center.
However, generally both in each center and in all centers together all these correlations disappeared after adjustment for BMI,
with the exception of the correlation with serum triglycerides. In pooled men, multiple regression analysis showed an
independent association of fasting insulin, BMI, and WHR with serum triglyceride (P < .001). On the contrary, total, LDL, and
high-density lipoprotein (HDL) cholesterol and blood pressure values showed independent associations with BMI and/or WHR
but not with fasting insulin in multivariate models. Thus, in conclusion, the metabolic syndrome is widely present in 38-year-old
predominantly non-obese European men, but the most aggregating factor seems more likely to be obesity than hyperinsu-
linemia. In fact, obesity and abdominal fat distribution, rather than hyperinsulinemia, appear to be associated with an
unfavorable risk profile {increased total cholesterol, decreased HDL cholesterol, and high blood pressure levels} for

cardiovascular disease in these European men.
Copyright © 1995 by W.B. Saunders Company

HE “METABOLIC” SYNDROME is conventionally
defined as a combination of hypertension and abnor-
malities of lipid and glucose metabolism, which are major
risk factors for cardiovascular disease.!? This cluster of risk
factors is frequently combined with abdominal obesity,>*
and is closely associated with insulin resistance and compen-
satory hyperinsulinemia.l?

All the above factors are very tightly related to each
other, and therefore, it is not easy to identify the most
aggregating, ie, presumably independent, factor. On the
other hand, solving this problem is of crucial importance for
understanding pathophysiological mechanisms and under-
taking preventive and therapeutic strategies.

We have recently demonstrated that indicators of abdomi-
nal fat distribution are associated with unfavorable risk
profiles for cardiovascular disease in European men.’
Furthermore, we have previously shown that there were
considerable differences in fatness and body fat distribution
in healthy women from different European countries.t In
those women the metabolic syndrome was widely present,
and the fasting insulin concentration was the most cluster-
ing factor of this syndrome. In fact, elevated levels of basal
insulin were closely associated, independently of adiposity
and body fat distribution, with increased triglycerides and
total cholesterol and decreased high-density lipoprotein
{HDL) cholesterol, but less clearly with blood pressure
levels.”

In this context, the purpose of this study was to analyze
the relationships between fasting insulin concentration and
the components of the metabolic syndrome, in 38-year-old
healthy European men, and to verify whether those rela-
tions were dependent on body mass index (BMI) and/or
regional distribution of body fat.
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SUBJECTS AND METHODS
Populations

This study included six cities of six European countries: Gothen-
burg (Sweden), Warsaw (Poland), Deinze (Belgium), Verona
(Italy), Lumiar (Portugal), and Ede (The Netherlands). The
samples were randomly selected using the voting lists or birth
registers of all men born in 1950 and living in the above-mentioned
cities. An informative letter was sent to the men, and those who
could be reached by telephone were asked to participate in the
study. Those who were asked to participate but refused to do so
were asked to answer a ‘“‘nonresponders questionnaire” that
included items such as height, weight, socioeconomic status, and
chronic illness. In none of the centers were there significant
differences between the BMI and educational status of the partici-
pants and nonparticipants who answered the telephone question-
naire. All subjects underwent a medical history and physical
examination. Acutely ill subjects and patients suffering from
chronic illness (including diabetics) or taking drugs known to
influence glucose and lipid metabolism or blood pressure were
excluded. The number of participants was 83 (response rate, 78%)
in Sweden, 94 (94%) in Poland, 94 (81%) in Belgium, 94 (91%) in
Italy, 78 (84%) in Portugal, and 72 (74%) in The Netherlands. In
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total, 515 apparently healthy men were studied. More details of the
study have been published elsewhere.’

Anthropometry

All anthropometric measurements were performed by one or
two operators from each participating center after operators’
training in The Netherlands. Circumferences were measured in
duplicate on subjects in the standing position, at the end of an
expiration. Of the seven circumferences that were measured, we
concentrate in this report on the waist circumference (midway
between the lower rib margin and the iliac crest), hip circumfer-
ence (widest circumference over the great trochanters), and thigh
circumference (around the right thigh at the level of the gluteal
fold). The triceps, biceps, subscapular, suprailiac, and mesogastric
skinfolds were also measured, but those data did not add anything
to the findings obtained with the circumferences. Therefore, for
the sake of clarity, skinfold data were not included in this report.
More details about the anthropometric measurements have been
presented elsewhere.$

Blood Sampling and Analysis

Venous blood was sampled between 8:00 and 8:30 AM after an
overnight fast. On the day of the blood sampling, the following
parameters were tested as pathological markers: packed cell
volume, hemoglobin, white blood cell count, glutamic oxaloacetic
transaminase, glutamic pyruvic transaminase, creatinine, and glu-
cose. Blood glucose in particular was not included in the statistical
analysis, since no attempt was made to standardize the measure-
ment of this parameter among the six centers. Serum lipids were
analyzed in Wageningen (The Netherlands) as described previ-
ously. Triglycerides, HDL cholesterol, and total cholesterol levels
were determined by enzymatic methods.>!! The low-density lipo-
protein (LDL) cholesterol level was calculated using the formula of
Friedewald et al.'? Serum insulin concentrations of all the Euro-
pean men who participated in the study were determined in one
laboratory in Ghent (Belgium). Frozen serum samples were sent in
dry ice to Ghent from all the centers and kept at —~80°C until they
were analyzed. The insulin level was determined by radioimmuno-
assay. Serum insulin coefficients of variation were 6.5% intraassay
and 9% interassay. The lower limit of sensitivity of the insulin assay
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was 2.1 pU/mL (15 pmol/L). The cross-reactivity of insulin with
proinsulin in this assay was 30%.

Blood Pressure and Behavioral Variables

Blood pressure was measured by one operator in each center
with a standard mercury manometer after subjects had rested at
least 10 minutes. Systolic blood pressure was recorded at the
appearance of sounds, and diastolic blood pressure was recorded at
the disappearance of sounds (V-phase Korotkoff). Cuff size was
usually 12 X 22 cm, but in the rare instances in which it was
necessary, we switched to a larger cuff size. The measurements
were repeated after 5 minutes. The average of the measurements
was used in analysis. Information on physical activity (at work,
leisure time, and sports) and smoking habits (in four categories)
was derived from questionnaires as reported elsewhere.!3 These
last data are not shown as a table, but they were used in
multivariate analysis, as stated in the Results.

Statistical Analysis

Differences between centers were assessed by ANOVA. Differ-
ences between pairs of centers were evaluated by Tukey’s Studen-
tized range test. Pearson’s product-moment correlations and par-
tial correlations were computed using univariate and multiple
linear regression analysis. Deviation from normality of the distribu-
tions of the variables and the linearity of the relationships (analysis
of residuals) were checked. Although some of the variables used in
analysis were slightly skewed, only the logarithmic transformation
of triglyceride levels improved the fit of the regression models.
Therefore, we present analysis with untransformed variables,
except for serum triglycerides. P values less than .05 were consid-
ered significant. Data are expressed as the mean + SE.

RESULTS

Tables 1 and 2 show the mean * SE of anthropometric
measurements, serum lipids, blood pressure, and fasting
insulin in 38-year-old European men selected from differ-
ent sites.

ANOVA showed that there were significant differences
in all variables studied (except LDL cholesterol) among the

Table 1. Mean = SE for Anthropometric Measurements, Serum Lipids, Fasting Insulin, and Blood Pressure in 38-Year-Old European Men
Selected From Six Cities (N = 515)

S(n=1283) PL {n = 94} B (n = 94) l{n = 94) P(n=78) NL {n = 72} F

Anthropometry

BMI (kg/m?) 23.9=0.3 25.8 £ 0.3 25.3 =04 25.5 + 0.3 25.4 = 0.3 24.7 + 0.4 3.7t

WHR 0.91 = 0.01 0.93 = 0.01 0.92 = 0.01 0.96 = 0.01 0.89 = 0.01 0.93 = 0.01 19.9%

WTR 1.563 + 0.01 1.59 + 0.02 1.59 + 0.01 1.57 + 0.01 1.45 + 0.01 1.59 = 0.01 19.0%
Serum lipids (mmol/L)

Triglycerides 1.10 + 0.07 1.40 + 0.08 1.30 = 0.08 1.40 + 0.09 1.23 + 0.08 153 = 0.1 2.8*

Total cholesterol 5.70 = 0.1 573 = 0.11 5.96 = 0.11 6.21 = 0.13 5.80 + 0.13 5.81 +0.14 2.6*

LDL cholesterol 3.87 £ 0.09 3.89 = 0.11 4.08 + 0.10 4.24 + 0.11 3.97 £ 0.11 3.89 + 0.12 1.6

HDL cholesterol 1.27 + 0.03 1.18 = 0.03 1.27 £ 0.03 1.33 £ 0.03 1.21 £ 0.03 1.18 = 0.03 4,0t
Serum insulin (pU/mL)} 20.0 = 0.61 18.8 + 0.63 18.6 = 0.56 16.0 = 0.65 17.1 = 0.54 19.0 + 0.62 5.5%
Blood pressure (mm Hg)

Systolic 126.6 = 1.4 131.7 £ 14 1233+ 1.3 133215 134.1 £ 1.8 1338 £ 1.5 9.6%

Diastolic 80.5 + 0.8 85.6 = 1.0 793+ 1.0 86.7 = 0.9 84.8 = 1.2 80.5 + 1.2 9.6%

NOTE. F values of ANOVA for the comparison among centers are reported.
Abbreviations: 8, Sweden; PL, Poland; B, Beigium; |, ltaly; P, Portugal; NL, The Netherlands.

*P < .05,
TP < .01,
P < .001.
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Table 2. Mean = SE and Range for Anthropometric Parameters,
Serum Lipids, Fasting Insulin, and Blood Pressure in Pooled
European Men (N = 515)

Mean = SE Range

Anthropometry

BMI (kg/m?) 24.5 + 0.04 15.3-43.8

WHR 0.92 * 0.01 0.77-1.11

WTR 1.55 + 0.01 1.02-1,97
Serum lipids {(mmol/L)

Triglycerides 1.2+ 0.10 0.23-7.31

Total cholesterol 5.9 = 0.13 2.78-10.2

LDL cholesterol 4.0 + 0,10 0.96-7.39

HDL cholesterol 1.2 = 0.03 0.69-2.34
Serum insulin {(pU/mL) 18.2 = 0.08 2.54-54.1
Blood pressure {mm Hg)

Systolic 130.2 £ 15 95.0-206.0

Diastolic 83.0 1.0 51.0-117.0

centers. In particular, basal insulin showed significant
intercenter differences; the lowest value was found in
Italian men (16.0 = 0.65 wU/mL), who had a significantly
lower fasting insulin than men from any other center
(except Portugal). Furthermore, fasting insulin was signifi-
cantly lower in men from Portugal than in Swedish and
Dutch men, whereas no statistical difference in fasting
insulin was found among the men from Sweden, Poland,
and The Netherlands. The highest mean fasting insulin
concentration was observed in Sweden (20.0 = 0.61 pU/
mL).

Table 3 displays the simple correlation coefficients of
fasting insulin levels with anthropometric measurements,
serum lipids, and blood pressure. All anthropometric param-
eters were significantly correlated with serum insulin both
in pooled subjects and in each separate center (except for
waist to thigh ratio [WTR] in four centers and waist to hip
ratio [WHR] in one center). Fasting insulin was also
strongly associated with both serum lipids (except LDL
cholesterol) and blood pressure, when the data were
analyzed for pooled centers. On the contrary, there were
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relevant differences when the data were evaluated for each
center.

Generally, both in each center and in pooled subjects, the
associations of fasting insulin with serum lipids and blood
pressure disappeared in bivariate analysis after adjustment
for BMI, with the exception of the association with serum
triglyceride levels. In fact, when the men were pooled, a
significant partial (BMI-adjusted) correlation between fast-
ing insulin and serum triglycerides (r = .15, P < .001) was
observed, whereas no significant partial correlation was
found between fasting insulin and total, LDL, and HDL
cholesterol or between fasting insulin and blood pressure
levels. Of all anthropometric measurements, only the WTR
showed a weak partial (BMI-adjusted) correlation with
fasting serum insulin (r = .10, P < .05).

Tables 4 and 5 show data from a multivariate analysis we
performed in pooled men. WHR, BMI, and fasting insulin
were included as independent variables to predict serum
lipids and blood pressure. In that model, WHR was
independently related to all variables, except HDL choles-
terol concentration; BMI was independently related to all
variables except total and LDL cholesterol level; and
fasting insulin was independently related only to serum
triglycerides. Similar results were obtained when WTR
replaced WHR in the multivariate models (data not shown).
Notably, substantially the same results were obtained even
when physical activity, cigarette smoking, and “centers”
(introducing dummy variables for each center) were taken
into account in previous regression models (data not
shown). As a matter of fact, the only parameter clearly and
consistently associated with fasting insulin after adjustment
for all potential confounders was serum triglycerides.

DISCUSSION

This study showed that there were significant differences
in fasting insulin concentrations among different European
cities: the lowest value was found in Italy and Portugal and
the highest in Sweden and The Netherlands. It should be
noted that all serum insulin determinations were per-

Table 3. Pearson’s r Values for the Simple Correlations of Fasting Insulin With Anthropometric Parameters, Serum Lipids, and Blood Pressure in
European Men Aged 38 Years

S(n=83) PL{n = 94) B(n = 94) 1{n = 94} P{n=78) NL (n = 72) All {(n = 515)
Anthropometry
BMI 53t A5% .38% .39% .301 52% 37%
WHR .36t .32% .29% A1 .33t .45% 21%
WTR .29% 19 7 .06 .35t A4% 21%
Serum lipids
Log triglycerides .32t 32t A43% .06 37t A41% .29%
Total cholesterol A1t .26% .06 —.01 .22 19 2t
LDL cholesterol 291 12 ~.06 .01 .24% .06 .05
HDL cholesterol —.03 —-.03 -.16 —.20* —.27* —.26% —.16%
Blood pressure
Systolic .23% .34t 34% 14 .20 .03 A6t
Diastolic .25* .35¢ .28t .14 .27 M A7%
Abbreviations: S, Sweden; PL, Poland; B, Belgium; I, ltaly; P, Portugal; NL, The Netherlands.
*P < .05,
TP < .01.

P < .001.
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Table 4. Multiple Regression Analysis in Pooled Men: Linear
Regression Coefficients + Standard Error (B + SE) Adjusted for
WHR, BM|, and Fasting Insulin in Relation to Blood Lipids in
European Men (N = 515}

Regression Coefficient

Independent "2 "7 TP

Dependent Variable Variabie B SE t

Log triglycerides WHR 2.01 0.51 3.91%
BMi 0.04 0.009 4.79%
Insulin 0.015 0.004 3.36%
Intercept -3.07 0.40

Total cholesterol WHR 4.58 1.07 4.29%
BMI 0.024 0.019 1.27
Insulin 0.010 0.009 1.03
Intercept 0.85 0.84

HDL cholesterol WHR 0.10 0.27 0.36
BMI —0.022 0.005 —4.58%
Insulin -0.003 0.002 -1.57
Intercept 1.76 0.21

LDL cholesterol WHR 3.05 0.97 3.151
BMI 0.020 0.017 1.18
Insuiin —0.001 0.008 -0.04
Intercept 0.67 0.77

*P < .05.

TP < .01,

P < .001.

formed in one laboratory, and that we previously checked
the storage length and conditions of serum samples.” Also,
in a previous study on 38-year-old European women,
participants from Verona showed the lowest mean fasting
insulin, whereas the highest value was found in women from
The Netherlands and Poland.” We have no clear explana-
tion for finding the lowest value of fasting insulin in both
Italian men and women. This was certainly not due to
differences in BMI or body fat distribution, since both
Italian men and women had the highest mean values for
BMI and WHR; therefore, the possible adjustment for BMI
and WHR, which were both positively related to the basal
insulin concentration, would only be able to magnify the
observed differences in insulin levels between Italian and
other European men. Recently, Facchini et al'4 have
demonstrated that chronic cigarette smokers were insulin-

Table 5. Multiple Regression Analysis in Pooled Men: Linear
Regression Coefficients + Standard Error (B + SE) Adjusted for
WHR, BMI, and Fasting Insulin in Relation to Blood Pressure in

European Men {N = 515)

Regression Coefficient

Independent
Dependent Variable Variable <3 SE t
Systolic blood pressure ~ WHR 28.8 13.6 2.11*
BMI 0.90 0.24 3.73+
Insulin 0.16 0.12 1.38
Intercept 78.1 10.7
Diastolic blood pressure  WHR 20.0 9.3 2.16%
BMI 0.78 0.16 4.78%
Insulin 0.08 0.08 0.99
Intercept 43.4 7.2
*P < .05.
TP < .01.
P < .001.
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resistant, hyperinsulinemic, and dyslipidemic compared
with a matched group of nonsmokers. This was not ob-
served in our multicenter study, since the Italian men were
among those with the heaviest smoking habit'® and at the
same time had the lowest fasting insulin. Furthermore,
dietary factors, for example, the carbohydrate to lipid ratio
of the diet, were also demonstrated to influence insulin
sensitivity and serum insulin concentrations, thus conse-
quently contributing to the development of type II diabetes
mellitus.’>?7 Unfortunately, in our study no attempt was
made to obtain reliable information about the dietary
intake, and therefore, we were unable to appreciate the
possible influence of eating behavior on serum insulin.
Genetic susceptibility could obviously be involved as well.'8
In fact, it was shown that Mexican-Americans had higher
mean levels of serum insulin!® and a more centralized and
upper-body adiposity?® as compared with non-Hispanic
whites. Here an opposite trend has been shown, with serum
insulin being lower in southern than in northern Europe.

This multicenter study confirmed that the components of
the metabolic syndrome were closely interrelated in men
from different European countries. As a matter of fact, in
pooled subjects, fasting insulin was positively associated
with BMI, abdominal fat distribution, serum lipids, and
blood pressure. We find it remarkable that these findings
were observed in a sample of nondiabetic and predomi-
nantly non-obese men; moreover, the random selection of
samples and the homogeneous age could enhance the
validity of our findings. In this study, basal insulin was used
as a marker of insulin sensitivity, and consequently of
insulin resistance. Obviously, this could be questionable.
However, in nondiabetic subjects fasting insulin was moder-
ately correlated with the degree of insulin sensitivity as
measured by the euglycemic clamp technique (r = .60).2!
Furthermore, Wing et al?? showed that fasting insulin was
more strongly associated with several cardiovascular risk
factors than post—glucose load insulin levels. On the other
hand, and also recently, several prospective epidemiologi-
cal studies have used basal insulin as a marker of insulin
resistance.!%3

The main aim of the present study was to verify whether
the relationship between fasting insulin and the compo-
nents of the metabolic syndrome was influenced by adipos-
ity and body fat distribution.

We found that no significant associations between base-
line insulin and total, LDL, and HDL cholesterol levels
were observed after adjustment for overall adiposity. Gen-
erally, the lack of a relationship was noted both in pooled
men and in subjects from each center (except for HDL
cholesterol in Italy and The Netherlands and total choles-
terol in Sweden).

The lack of a correlation between fasting insulin and total
or LDL cholesterol was consistent with the notion that
hypercholesterolemia is not frequently associated with
hyperinsulinemia and insulin resistance.l>%2* Recently,
Karhapii et al,® by means of euglycemic clamp studies,
found that subjects with isolated hypercholesterolemia
have the same insulin sensitivity as control subjects without
hypercholesterolemia. Perhaps the major relevance in our
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study of adiposity rather than hyperinsulinemia on main
cardiovascular risk factors was suggested also by the lack of
a significant correlation between fasting insulin and HDL
cholesterol after adjustment for BMI: this was in contrast to
the findings of several studies in other more homogeneous
populations or in selected samples of patients.’2224 How-
ever, other investigators obtained similar results.? Interest-
ingly, this finding disagrees also with what we found in
European women of the same age.” In fact, in those women
the relationship between fasting insulin and plasma triglyc-
erides, total cholesterol, and HDL cholesterol was indepen-
dent of overall adiposity.

In accordance with the majority of the studies, the
present report confirmed a positive partial correlation
between fasting insulin and serum triglycerides.2232* We
do find that serum insulin is an independent predictor of
triglyceride levels, confirming the evidence that insulin
stimulates hepatic very-low-density lipoprotein secre-
tion.»?27 The lack of such a correlation in Italian men
remains unclear. It should be noted that all sera for the
determination of both lipids and insulin were tested in one
laboratory. Moreover, both insulin and triglyceride serum
levels were also analyzed in fresh blood samples in a
laboratory in Verona, and also in that case triglycerides and
insulin levels were not correlated. A different influence of
genetic and environmental factors (dietary intake, alcohol
consumption, smoking habits, etc.) on the relations be-
tween fasting insulin and serum lipids (especially triglycer-
ides) could partially explain those differences.

The association of increased serum insulin with high
blood pressure is a recent finding supported by several
studies.b>?82? On the contrary, the correlations of blood
pressure with adiposity and body fat distribution are well-
known and old findings.? Nevertheless, the link between
hyperinsulinemia and hypertension is still incompletely
understood. Recently, Jarrett hypothesized that the associa-
tion between serum insulin and blood pressure in epidemio-
logical studies is probably due to common associations with
other variables, of which abdominal obesity and lean body
mass are statistically the most important.®® Haffner ct al*!
have not found any BMI-adjusted correlation between
fasting insulin and blood pressure in women of the San
Antonio Heart Study, whereas the correlation was signifi-
cant in men. However, in this case, the association between
fasting insulin and hypertension was independent of adipos-
ity in lean subjects but not in the overall population after
adjustment for adiposity.?? In the study by Folsom et al* on
approximately 1,100 black and another 1,100 white predomi-
nantly non-obese subjects aged 18 to 30 years, there were
low-order univariate correlations between fasting insulin
and blood pressure in both groups, but inclusion of serum
insulin in multivariate regression models made little differ-
ence in the stronger associations between body fat or fat
distribution and blood pressure.

Significant associations between fasting insulin and both
systolic and diastolic blood pressure levels were observed
also in our study, but in bivariate analysis those associations
generally disappeared after matching for BMI both in
pooled men and in each center. These findings were also in
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agreement with the data from our previous study in
European women.” Thus, in both sexes the correlation
between fasting insulin and blood pressure is widely dimin-
ished after adjustment for adiposity.

At this point, one might be tempted to conclude that
obesity per se seems even more strongly related to a cluster
of metabolic disorders than hyperinsulinemia. However,
abdominal distribution of body fat may increase the risk of
obesity’s producing metabolic abnormalities. Several epide-
miological studies have demonstrated that abdominal fat
distribution predisposes subjects toward metabolic disor-
ders such as glucose intolerance, hypertension, and dyslip-
idemia, which are known risk factors for cardiovascular
disease.3*3233 We have also previously shown that indica-
tors of body fat distribution are associated with an unfavor-
able risk profile for cardiovascular disease in these Euro-
pean men.’

To verify whether body fat distribution could add some-
thing to these associations, a multivariate analysis was
performed. WHR, BMI, and fasting insulin were included
as covariates to predict serum lipids and blood pressure.
WHR was independently related to all variables except
HDL cholesterol. BMI was independently related to all
variables except total and LDL cholesterol, and serum
insulin was independently related only to triglycerides.

Since we demonstrated significant intercenter differ-
ences for most variables studied, the analysis of pooled men
from six centers could be questionable. However, although
statistically significant, these differences are not great from
a clinical standpoint; furthermore, we have verified that our
analyses of data produced substantially similar results when
adjusted for “centers.” Here it should be noted that if two
variables, eg, BMI and insulin in this study, are indepen-
dently and equally associated with a third one, it could be
that the one of the first two variables that is more precisely
measured will sort out as the variable more significantly
related to the third one. Nevertheless, our results suggest
that there are considerable differences in the relationships
between fasting insulin and the components of metabolic
syndrome in 38-year-old European men and women despite
the same variables and methods.” In fact, in those women
basal insulin was correlated with all the components of the
metabolic syndrome, and after adjustment for obesity and
body fat distribution, fasting insulin continued to be the
most aggregating and independent factor of this syndrome.

We have previously shown that smoking habits and
physical activity are significantly related to body fat distribu-
tion and may be potential confounders in the relations
between fat distribution and other cardiovascular risk
factors.!3 Interestingly, in the present study the adjustment
for those behavioral variables did not improve the fit of
regression models.

In conclusion, this study showed that at least in 38-year-
old predominantly non-obese European men, fasting insu-
lin was related to the components of the metabolic syn-
drome, but most of these associations disappeared after
adjustment for BMI and WHR. These results support the
possibility that obesity and abdominal fat distribution,
rather than hyperinsulinemia, are associated with an unfa-
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vorable risk profile (increased total cholesterol, decreased
HDL cholesterol, and high blood pressure levels) for
cardiovascular disease in European men.
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